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CHAPTER 2

Comparative Advantage,
Diversification, and Intra-Industry

Trade: Determinants
and Consequences

Given the concerns discussed in Chapter 1 about the con-
sequences of different patterns of trade, the first step in the
analysis should be to briefly review new trade theories that
seek to evaluate the factors that help determine what coun-
tries produce. This is done in the next section. The subse-
quent discussion identifies the revealed comparative advan-
tage of LAC economies during the last two decades of the
20th century, and empirically examines how traditional and
modern notions of national endowments affect the structure
of international trade and how trade structure in turn affects
the rate of economic growth. Special emphasis is placed 
on the role of public policies. The conclusion is that trade
liberalization and the development of modern factors of
production can help accelerate the pace of development 
in the region. What matters is how we produce, not what
we export.

New Trade Theories, New Endowments, 
and New Patterns of Trade
The theory of international trade has been transformed in
recent decades, with the focus of study shifting away from
the stylized world of perfect markets, identical technolo-
gies across countries, and immobility of factors and inputs
of production across borders. Recent literature instead has
tended to emphasize the following:

• The role of input trade (Jones 2000; Jones and Find-
lay 2001)

• Frictions in international trade and investment flows
due to geography, institutions, transport, and infor-
mation costs (Venables 2001; Bond 2001)

• The transmission of knowledge across borders (Gross-
man and Helpman 1991)

M
OST COUNTRIES OF THE LATIN AMERICA AND CARIBBEAN REGION LIBERAL-

ized their economies during the late 1980s and early 1990s. This process of liberaliza-
tion included trade reforms, whereby import tariffs were slashed and nontariff barriers
were reduced and simplified, and the welcoming of FDI. Much progress has also been
made in other areas of reform, especially in macroeconomic stabilization and privatiza-

tion (Burki and Perry 1997).
When the reforms were first debated, it was broadly expected that the region would specialize in labor-

intensive production of goods and services. However, the evidence presented in this chapter shows that the
region’s revealed comparative advantage has in fact changed little since the early 1980s. On average, the
region has maintained a comparative advantage in the production of commodities that have a relatively
high content of natural resources, and it has an advantage in the various types of land used for the harvest-
ing of agricultural goods. It remains a net importer of capital- and labor-intensive manufactures. Despite
the lack of structural change in the region’s trade patterns, however, there have been significant productiv-
ity gains, and consumers also now enjoy greater varieties of high-quality products.



• Technological differences across borders (Trefler
1995; Hakura 2001)

• Monopolistic competition in differentiated prod-
ucts with increasing returns to scale (Krugman
1979; Ruffin 1999).

These new considerations do not mean that the tradi-
tional notions of comparative advantage and trade driven
by cross-country differences in relative factor endowments
are no longer operational. Rather, traditional notions of
endowments can be combined with the modern considera-
tions to provide a rich conceptual framework for under-
standing how and why LAC developed the patterns of trade
we observe today.

Perhaps the main lesson from the new theories is that
anything is possible. A common pattern of integration in
today’s global economy is characterized by the fragmenta-
tion of the manufacturing of labor-intensive goods (Jones
2000). This structure of trade is observed, for example, 
in the Dominican Republic, El Salvador, and, to a lesser
extent, in Costa Rica and Mexico. The term “fragmenta-
tion” tries to capture the idea that the capital-intensive
stage of production is conducted mainly in the industrial-
ized, capital-rich economies, while the labor-intensive
stage of the production process is conducted in the devel-
oping countries, where labor costs are lower.

The main difference between this and the traditional pat-
tern of inter-industry trade is that the transportation of
intermediate goods from capital-rich economies to develop-
ing countries has now become cheap enough for it to be
profitable to export the intermediate good for processing in
the developing country. The costs of shipping the finished
goods back to the rich consumer markets also must be rela-
tively low for this pattern of trade to be profitable. In sum,
the costs of sending the capital input to the developing
economy plus the costs of sending finished manufactures
back must be lower than the profit gains realized through
locating the labor-intensive stage of the manufacturing
process in the developing economy. Consequently, it is not
surprising that this pattern of trade has emerged in several
of the LAC economies located close to the U.S. market. The
manufacturing firms in these economies have become part of
international industrial clusters, a concept analyzed further
below.

A third pattern of trade features linkages between nat-
ural resource sectors and domestically manufactured inter-
mediate goods. This is a type of backward linkage, origi-

nally analyzed by Hirschman (1958), which is often cited
in the literature on industrial clusters (see Bergman and
Feser 2001). Perhaps the clearest examples of this pattern
of trade have been observed in Finland and Sweden, two
economies that have rich forestland and that export forest
products (see Chapter 3). Both countries have developed
sophisticated, export-oriented, high-tech industries from
industries that originally provided inputs for the pro-
duction of forest products. Similar backward linkages are
present in various LAC economies, where mining or agri-
cultural products buy inputs and hire services from other
sectors; in Chile, for example, the mining industry hires
local engineering services (Meller 2001). These backward
linkages do not always result in the development of a sep-
arate export industry, however.

Hirschman was also the first to discuss forward linkages
from natural resources, such as those observed in the devel-
opment of the steel industry in the United States during the
19th century (Jones and Findlay 2001). Currently, forward
linkages can be seen in the metallurgical industry in Brazil
and other developing countries, but low transport costs in
the 20th century have reduced the profitability of these
types of linkages by fragmenting the stages of production 
of steel and of other metallurgical industries, with ores now
exported for manufacturing to countries that have the know-
how, the capital, and other factors needed to most efficiently
produce the final products. An additional constraint on LAC
countries hoping to develop forward linkages from their
agricultural or mining activities is the trade policies of
major export markets that favor the export of basic com-
modities by discriminating against imports of processed raw
materials—policies designed to protect domestic industries
that process agricultural or natural resources.

The rise of intra-industry trade (IIT)—that is, exports
and imports of similar goods—is perhaps the most notewor-
thy feature of the post–World War II global economy. This
type of trade is clearly observed in the case of Mexico, which
exports electronics and automobiles to the United States,
but which also imports similar products. A key ingredient
in Mexico’s case is FDI and the importation of capital and
other inputs for the production of these goods. The litera-
ture on the determinants of IIT (see Krugman 1979) empha-
sizes that the emergence of such trade depends on product
differentiation, in which firms across borders produce simi-
lar goods that are distinguished from one another by brand
or by other subtle differences. The main driving force of IIT
in this context, however, is increasing returns to scale—that
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is, unit costs of production that decline as the quantity pro-
duced increases. In other words, productivity gains are at the
center of the competitive process that yields IIT. This pat-
tern of trade can thus emerge when industries benefit from
either large initial investments or fixed costs (Ruffin 1999),
or when producers become more efficient through experi-
ence or through the introduction of technological innova-
tions from abroad or from nearby industries (see Venables
2001, for a literature review.) The next section explores the
empirical determinants of IIT.

Agglomeration, or clustering, effects have also received
substantial attention (Puga and Venables 1999). The dis-
tinguishing feature of such effects is that the production of
one type of final good leads to the development of new man-
ufacturing processes as a consequence of learning spillovers;
for example, firms in certain knowledge-intensive sectors
can learn from the experience of other firms and thus
develop new products. The emergence of this type of hori-
zontal cluster has been observed in geographic areas includ-
ing Silicon Valley in California, and around certain firms in
Costa Rica and Mexico. The rapid decline in the costs 
of information dissemination since the late 20th century
suggests that the geographic dimension of industrial clus-
ters might become less important, but the process nonethe-
less demonstrates that a vibrant manufacturing sector can
emerge in formerly agricultural or mining economies as a
consequence of foreign investment, input trade, and learn-
ing spillovers across firms. As discussed by Puga and Ven-
ables, trade liberalization, by reducing the costs of imported
inputs, can lead to agglomeration effects that result in sig-
nificant welfare and productivity gains for developing coun-
tries. In contrast, protectionism might lead to much less
dynamic industrialization.

The following sections investigate in more detail the
formation of industrial clusters and the role of geography
and knowledge in fomenting clusters, and include a dis-
cussion of the impact of logistics costs in determining trade
structure. They also address some issues of measurement
and the correlation between ICT and knowledge and the
level of development.

New Factor Endowments: Industrial Clusters,
Logistics Costs, and ICT and Knowledge

Clusters, Geography, and Knowledge
There is a popular specialized literature that emphasizes
that national economies, and the world economy more gen-

erally, are replete with examples of firms that are linked to
each other either as competitors or as parts in a single sup-
ply chain (Porter 1990). Sometimes these firms are geo-
graphically nearby. Bergman and Feser (2001) state that an
“industry cluster may be defined very generally as a group
of business enterprises and nonbusiness organizations for
whom membership within the group is an important ele-
ment of each member firm’s individual competitiveness.” It
cannot be overstated that an industrial cluster is held to-
gether by the profit objectives of the individual firms—
that is, each firm benefits from its relationship or proxim-
ity to the other firms in the cluster.

Business administration literature defines a plethora of
different types of clusters, of which vertical and horizontal
clusters are perhaps the two main categories. Vertical in-
dustrial clusters comprise groups of firms that are part of a
single supply chain. The textile-apparel cluster, for exam-
ple, includes firms that supply textiles to other firms,
which manufacture clothing and apparel to be sold to con-
sumers. The profitability of firms belonging to such clus-
ters depends to a large extent on their capacity to supply
the inputs and the final goods on time. Given that trans-
port costs can help determine the profitability of a firm,
geography can thus play an important role in the estab-
lishment of these clusters. Coordination and transaction
costs are also important, together with transport costs com-
prising what some analysts call logistics costs (Guasch and
Kogan 2001; Bond 2001). It is in large part because trans-
port and coordination costs are likely to be negatively cor-
related with distance that vertical industrial clusters often
appear as regional clusters or as a regional agglomeration of
industries.

Horizontal industrial clusters comprise firms that pro-
duce similar products, and that learn techniques and man-
agement practices from each other. In economic terms, if
one firm’s activities benefit others, the positive effects of
those activities that go beyond the firms’ confines are called
“externalities.” Venables (2001) writes that the “externali-
ties generated in one sector will typically only affect firms
in a set of industries, perhaps the same industry or others
that are in some way linked to it.” The main sort of tech-
nological externalities are knowledge spillovers, such as the
spillover of research and development activities, technical
or managerial know-how, or the knowledge accumulated
with experience (that is, learning by doing).

Horizontal industrial clusters sustained by positive
knowledge spillovers are often also geographically agglom-
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erated. This is due less to transport costs, which play an
insignificant role in the transmission of knowledge, than to
the interaction and information exchange between firm
managers. Perhaps more important, agglomeration effects
can be the result of the existence of trained workers who
“job-hop” across firms, taking with them the knowledge
and training accumulated while working for different firms
(Cooper 2001).

An interesting issue to consider in reference to the
agglomeration of firms in a horizontal cluster is whether
the recent ICT advances might dilute the advantage of geo-
graphic proximity for the sharing of knowledge across
firms. The following subsections focus on the role of logis-
tics costs, knowledge, and ICT in determining both eco-
nomic structure and aggregate performance, with a special
emphasis on measurement issues.

Logistics Costs
Logistics costs can be thought of as the costs of getting the
right goods to the right location at the right time.1 These
costs include freight, storage, warehousing, insurance, and
administrative costs. They relate both to the selling of final
goods and to the purchase of intermediate goods.

There are several factors that affect logistics costs in a
country. Geography, the quality of infrastructure, and the
management techniques of firms are the most obvious ones.
Countries closer to major markets can bring their goods to
these markets at lower costs simply because smaller dis-
tances have to be traveled to deliver the goods. Also, infra-
structure increases the efficiency of the transport system
and favors competition on transport networks. Thus, ship-
ping costs may be high because of the inefficient transport
system, such as in Mercosur, where three quarters of the
overland trade between Brazil and its partners travels over
a single bridge. Costs can be reduced by the adoption of
more effective management of the supply chain, and higher
coordination among firms, as in the just-in-time inventory
management techniques that led to substantial productiv-
ity improvements in the United States.

These logistics costs are particularly important in ana-
lyzing international trade, because a firm dealing in foreign
markets faces higher costs than local producers. This dif-
ference arises not only because of the transport costs of
shipping goods between countries, but also because of the
communication and coordination costs of organizing the
supply chain at a distance and in a foreign country. Inter-

national Monetary Fund (IMF) statistics indicate that for
the countries in the bottom quartile of income distribution
(based on per capita gross domestic product [GDP] in
1990), the average transport cost for importable goods was
20 percent of the value of imports. For countries in the top
quartile, the average transport cost rate on imports was
only 6.3 percent.

This difference in transport cost rates presents a signifi-
cant barrier for firms in developing countries to entering
foreign markets, both in terms of the cost of getting goods
to market and in terms of acquiring imported inputs. It
also provides protection to relatively inefficient import-
competing firms in developing countries. In this sense, the
effects of logistics costs are analogous to those of the “effec-
tive rate of protection” from the tariff literature: the value
added in a particular production activity is changed for
given prices of the primary factors of production. The way
this change occurs depends on the characteristics of the
activity, related to the importance of transportation costs
for the final product and for the intermediate goods.

The main determinants of logistics costs are the location
of a country and the quality of the infrastructure. Table 2.1
presents several of these measures of logistics costs for dif-
ferent regions of the world. These measures are, from
columns (1) to (8): average transport costs (CIF/FOB–1);
average air distance to the closest major market (Asia,
Europe, and North America); port efficiency index (based
on a shipper survey, from 1 [lowest quality] to 7 [highest
quality]); average number of days it takes for goods to clear
customs (based on the median response from a survey of
importers); kilometers of paved roads per square kilometer;
kilometers of railroad lines per square kilometer; telephone
main lines per capita; and air freight per capita (logarithms
for these last four variables).

As can be seen from Table 2.1, the various measures of
infrastructure are quite highly correlated. Indeed, high-
income countries have values of all infrastructure measures
that are from 1 to 1.35 standard deviations above the world
average, while Sub-Saharan Africa lags in all measures with
quantities from 0.6 to 1 standard deviation below the
world average.

The evidence also suggests that logistics costs faced by
LAC countries are significantly higher than those of devel-
oped countries (see Table 2.2 for values for specific coun-
tries). Nevertheless, there seems to be nothing special
about LAC: once one controls for the income level, popula-
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tion, and size of the country (by regressing the respective
infrastructure measure on these variables for a cross-section
of countries in 1990), the comparison of the predicted val-
ues with the actual values shows no systematic bias associ-
ated with LAC. Worse infrastructure and higher logistics
costs in Latin America are mainly associated with the char-
acteristics of the countries in the region.

Still, these higher logistics costs are reflected in higher
freight rate markups, longer waiting times for goods to clear
ports, and higher inventory holdings of raw materials by
firms (see Guasch and Kogan 2001). Improvements in the
quality of infrastructure have the potential to reduce these

costs. The potential impact of these improvements on the
value added in the different sectors within a country will
depend on the trade pattern of the final goods and the impor-
tance of traded intermediate products in production. To
illustrate the importance of these factors, Table 2.3 presents
a simulation with the effect of a 1 percent transport cost
reduction on the value added by industry, for Argentina,
Brazil, and Mexico. The simulation is based on a model of
production with logistics costs, assuming constant prices 
of inputs and nontraded goods, and constant demands for
inputs, intermediary goods, and the final good. Thus, the
simulation can be seen as an approximation of the immedi-
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TABLE 2.1

Transport Costs and Infrastructure by Country Groups

AVERAGE

AVERAGE DISTANCE MEDIAN KM OF KM OF TELEPHONE

TRANSPORT TO CLOSEST PORT CLEARING PAVED RAILROAD MAIN

COSTS MAJOR EFFICIENCY TIME ROADS PER LINES PER LINES PER AIRFREIGHT GDP PER

(CIF/FOB–1) MARKET INDEX AT PORT KM2 KM2 CAPITA PER CAPITAL CAPITA

COUNTRY GROUP (1) (2) (3) (4) (5) (6) (7) (8) (9)

Developed Countries 4.24 1,561 5.76 3.50 1.15 1.02 1.35 1.16 2.11
South America 9.83 6,528 2.84 8.81 –0.65 –0.65 0.16 –0.12 –0.12
Central America 10.96 3,086 3.59 6.56 0.09 –0.04 0.24 –0.33 –0.37
Middle East and North Africa 10.12 3,512 3.77 5.50 –0.09 –0.32 0.20 –0.11 –0.08
Sub-Saharan Africa 19.54 6,237 4.55 12.00 –0.73 –0.60 –1.07 –0.60 –0.70
South Asia 9.74 5,121 2.79 n.a. 0.20 –0.01 –1.00 –0.53 –0.67
Transition Economies n.a. 2,248 3.30 4.13 1.14 0.97 0.46 –0.90 –0.90
East and Southeast Asia 8.99 5,651 4.54 5.67 0.70 0.04 0.28 0.55 0.55
Middle-Income Europe 8.57 1,525 4.48 n.a. 1.10 0.76 1.11 0.69 0.69

n.a. = Not available.
Sources: CIF/FOB is from IMF (1995) except for South America, which is obtained from Hummels (1999); distance from capital city to closest of Rotterdam, New York, or Tokyo
(km), obtained from Gallup, Sachs, and Mellinger (1998); port efficiency and clearing time data from Micco and Perez (2001); infrastructure data are from Canning (1999) for 1990
and are expressed as standard normal deviations from the world mean. World Bank measure (1990) from Gallup, Sachs, and Mellinger (1998). The group definitions given in each
column heading are provided in the Appendix of Bond (2001).

TABLE 2.2

Transport Costs and Infrastructure: Selected Latin American Countries

AVERAGE

AVERAGE DISTANCE MEDIAN KM OF KM OF

TRANSPORT TO CLOSEST PORT CLEARING PAVED RAILROAD TELEPHONE

COSTS MAJOR EFFICIENCY TIME ROADS PER LINES PER MAINLINES AIRFREIGHT GDP PER

(CIF/FOB–1) MARKET INDEX AT PORT KM2 KM2 PER CAPITA PER CAPITA CAPITA

COUNTRY (1) (2) (3) (4) (5) (6) (7) (8) (9)

Argentina 7.50 8,570 3.81 7.00 –0.36 0.26 0.50 0.14 0.21
Brazil 7.30 7,700 2.92 10.00 –0.50 –0.59 0.24 0.19 –0.09
Chile 8.80 8,290 3.76 3.00 –0.56 0.05 0.31 0.96 0.17
Mexico 4.50 3,360 3.34 4.00 –0.03 0.33 0.31 –0.54 –0.06
Paraguay 13.30 7,580 * * n.a. –1.38 –0.17 –0.81 –0.46
Uruguay 4.60 8,560 5.00 n.a. n.a. 0.48 0.68 –0.93 –0.04

* Landlocked country.
n.a. = Not available.
Sources: CIF/FOB from Hummels (1999) except for Mexico, which is obtained from the IMF; other variables as in Table 2.1. 



ate impact of the change in the logistics costs given the cur-
rent allocations in the economy.

The model predicts that, for Argentina, the major bene-
ficiaries of the infrastructure improvements would be the
leather, agriculture, food, and petroleum sectors; for Brazil,
they would be metal, food products, and rubber; and for
Mexico, they would be the leather, textile, transport equip-
ment, electrical machinery, and furniture sectors. It is note-
worthy that in these cases the main beneficiaries are agricul-
ture, natural-resource intensive, and labor-intensive sectors.

Overall, there seems to be substantial need for improve-
ment in LAC infrastructure. These improvements will
require both investments in new infrastructure and im-
provements in the regulatory environment. The potential
gains from these improvements could be substantial. As an
example, a recent World Bank report points to the fact that
the costs of handling a container in Brazil could be cut
almost in half (from US$4,775 to US$2,614) if multimodal
transport reforms were implemented. Cost reductions of this
magnitude, amounting to 4.5 percent of the values of ship-
ments for imports, would reduce transport costs on Brazil-
ian goods as reported in Table 2.3 to a level comparable to
the rates reported for U.S. trade.

ICT and Knowledge: Measurement and Correlation
with Development
Indicators for knowledge and ICT measure the relative
position of each country with respect to others in these key
areas of development.2 Eight indicators were selected. Four
reflect innovation activity and R&D in each economy, and
four reveal the level of ICT development. The indicators
are:

1. Research and development as share of gross national
income (GNI)

2. Scientists in R&D per million people
3. Patent applications by residents and nonresidents per

1,000 people
4. Patent applications in the United States by country

per 1,000 people
5. Telephone mainlines per 1,000 people
6. Mobile phones per 1,000 people
7. Personal computers per 10,000 people
8. Internet hosts with active Internet Protocol (IP)

addresses per 1,000 people.

The definitions and relevance are self-explanatory for
most of these variables. Mobile phones and telephones mea-
sure the depth of connectivity in a country. The other two
ICT variables are personal computers and Internet hosts.3 In
the knowledge area we included R&D as share of gross
national income and scientists working in R&D. We also
included patent applications filed by nationals and nonna-
tionals as an indicator of both innovation activity and as a
measure of the need and ability of the state to protect intel-
lectual property. Patent applications in the United States by
country of origin of the inventor was also included.4 This
variable helps control for the variability in the previous
variable caused by differences in the institutional develop-
ment of each country. However, as discussed in Grossman
and Helpman (1991), patent applications are also deter-
mined by the size of the domestic market where the
patented products are sold. Consequently, neither indicator
is a perfect proxy for innovation output. All the variables,
except patent applications in the United States, come from
the World Development Indicators. Patent applications in the
United States come from the U.S. Patent Office.

Based on averages for 1995 to 2000 or 1990 to 1999,
Table 2.4 shows the country variables expressed as a per-
centage of the U.S. levels. The most striking feature is that
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TABLE 2.3

Effect of a 1 Percent Transport Cost Reduction on Value Added
by Industry: Argentina, Brazil, and Mexico

INDUSTRY ARGENTINA BRAZIL MEXICO

Agriculture, forestry,
and fishing 1.11 –1.33 –1.10

Food, beverages, tobacco 1.29 5.64 –1.43
Textiles –1.22 –1.39 2.33
Apparel –1.08 –1.47 1.69
Leather products 1.94 3.00 2.70
Footwear –1.72 2.56 1.56
Wood products –1.64 2.33 –1.39
Furniture –1.05 –5.61 2.53
Paper –1.47 2.35 –1.31
Printing and publishing –1.06 –2.28 –1.38
Chemicals –1.44 –1.85 –1.47
Petroleum 1.22 –1.55 –5.32
Rubber products –2.05 4.22 –1.33
Nonmetallic minerals –1.47 2.49 –1.54
Glass –1.24 –1.47 1.80
Iron and steel –1.50 4.74 –2.02
Nonferrous metals –1.30 4.25 1.68
Metal products –1.03 1.95 –1.59
Nonelectrical machinery –1.03 –2.45 –1.67
Electrical machinery –1.02 –2.34 1.92
Transportation equipment –1.10 –3.25 2.09
Miscellaneous manufactures –1.05 –1.61 –1.67
Mining 1.06 –1.48 1.22

Source: Bond 2001.



for all developing countries except Korea, development in
knowledge and ICT is very shallow. Korea spends almost as
much as the United States on R&D, but the number of sci-
entists in R&D in Korea is about half that in the United
States. The indicators of connectivity (phones and mobile
phones) are about 65 percent of those in the United States.
The penetration of personal computers is about 35 percent
of that in the United States, and the level of Internet hosts
(4 percent) and the number of patent applications by Kore-
ans in the United States (20 percent) are much lower. On
the other hand, the number of patent applications in Korea
when controlled by population is three times that of the
United States, suggesting a relevant system of property
rights and innovational activity in the country.

On the other hand, the other three Asian countries
(China, India, and Thailand) show very low levels of knowl-
edge and ICT development. In fact, their figures are closer
to those of the selected LAC economies. In China and India,
knowledge and ICT are almost exclusively led by R&D,
which in both cases is about 25 percent of that in the
United States. China has about 10 percent of scientists in
R&D, which for a big country amounts to a large contin-
gent of engineers.

Even though the LAC countries have a much lower level
of knowledge and ICT development than Korea and the
United States, there are special characteristics worth men-
tioning. Brazil and Chile have relatively more R&D than
China and India, which in their own structure of “knowl-
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TABLE 2.4

Indicators of ICT and Knowledge as a Percentage of the United States Levels

INFORMATION AND

COMMUNICATIONS TECHNOLOGY KNOWLEDGE

PATENT

R&D RESIDENTS PATENT

TELEPHONE MOBILE INTERNET PERSONAL SCIENTISTS & NON- APPLICATION

MAINLINES PHONES HOST COMPUTERS R&D AS (PER RESIDENTS IN U.S.

(PER 1,000 (PER 1,000 (PER 1,000 (PER 10,000 SHARE OF MILLION (PER 1,000 (PER 1,000

PEOPLE) PEOPLE) PEOPLE) PEOPLE) GNI PEOPLE) PEOPLE) PEOPLE)

LAC Countries

Argentina 30.04 21.56 1.41 9.12 14.25 17.79 19.34 0.52
Bolivia 8.94 6.12 0.09 1.94 18.75 4.79 1.78 0.04
Brazil 20.38 13.00 1.04 6.12 30.88 4.53 24.36 0.19
Chile 31.09 17.05 2.09 10.58 28.88 11.69 14.24 0.24
Colombia 24.23 14.08 0.36 6.76 4.50 n.a. 3.98 0.07
Costa Rica 29.96 8.65 1.40 9.45 7.13 n.a. n.a. 0.47
Ecuador 13.00 6.36 0.13 4.06 0.53 3.42 2.99 0.06
Mexico 16.30 9.42 0.91 9.04 10.88 5.09 40.70 0.27
Peru 9.78 7.84 0.27 2.90 9.38 9.85 3.29 0.04
Venezuela, R.B. de 17.06 23.47 0.32 8.90 19.00 5.70 11.22 0.35

Average 16.59 18.20 1.59 7.33 23.41 n.a. 30.37 0.23a

Asian Countries

China 11.73 5.02 0.02 1.34 24.85 10.33 5.50 0.03
India 3.66 0.34 0.01 0.50 28.35 3.89 1.08 0.04
Korea, Rep. of 65.74 73.70 4.04 35.11 87.76 56.18 285.36 20.88
Thailand 12.77 16.08 0.38 4.61 5.63 3.01 9.61 0.09

OECD Countries

Germany 83.29 21.08 70.72 61.74 87.76 76.32 232.99 34.86
Japan 79.03 18.40 151.66 51.83 108.02 138.52 371.80 72.87
United States 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

AVERAGES BY LEVEL OF INCOME

Low income 3.05 0.67 0.03 0.86 n.a. n.a. 30.80 n.a.
Middle income 14.78 12.51 0.85 4.89 33.62 18.02 35.83 n.a.
High income 84.04 111.29 65.60 69.52 89.35 86.13 334.78 69.24a

n.a. = Not available.
a. Average of the corresponding countries included in this table.



edge” depended strongly on R&D. LAC countries also have
higher connectivity levels (phones and mobiles), especially
Argentina, Chile, Costa Rica, and República Bolivariana de
Venezuela. Nonetheless, these variables are 30 percent of
the level achieved in the United States. The penetration of
personal computers is similar for most LAC countries, but
Argentina, Chile, Costa Rica, and República Bolivariana de
Venezuela are the leaders (around 10 percent of the United
States). Argentina has a relative strength in the number of
scientists per 1,000 people, even though it is only 19 per-
cent of the level in the United States. Patent applications
in the United States are minimal for all the countries, but
patent applications in Mexico are 40 percent of those in the
United States, and this is the only area of “knowledge”
where Mexico has a relative strength. On average, LAC
countries are above middle-income countries in ICT, but
are lagging behind on the components of knowledge.

In the following section we use knowledge and ICT
composite indexes to analyze the determinants of trade pat-
terns. These indexes are generated using the principal com-
ponents of the variables described herein. Figures 2.1 and
2.2 show the relationship of each one of the composite
indexes and GDP per capita. It is evident that there is a
positive and nonlinear relationship between knowledge and
ICT and the level of development across countries during
1976–99. The fit of the regression is high for the ICT index
(R2=0.8). Thus, communications, computer penetration,

and access to the Internet are, according to this basic result,
highly correlated with income per capita. The relationship
for the knowledge index and development is also high.
GDP per capita explains about 60 percent of the variance
in the knowledge index (R2=0.6). 

Thus far, the evidence is clear concerning the impact of
logistics on the structure of trade, and ICT and knowledge
are key correlates of the level of development. The follow-
ing section explores more broadly the determinants of
trade structure around the world, with a special focus on
the role of “new” endowments, including ICT and knowl-
edge. However, a brief discussion of measurement issues is
necessary prior to analyzing the patterns of trade in LAC
countries.

Comparative Advantage: Facts from LAC
The concept of “comparative advantage” is one of the best
understood by academic economists, and the least accepted
by society. When economists mention “comparative advan-
tage” they are referring to economic activities that an econ-
omy can produce at lower relative costs than others. In
other words, it means that countries have certain strengths,
and the resulting patterns of trade and production should
reflect those strengths, rather than policy distortions.

This report relies on indicators proposed by Edward
Leamer of the University of California at Los Angeles, who
is one of the leading world experts on international trade
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FIGURE 2.1
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analysis. In several important professional publications,
Professor Leamer proposed using a set of 10 industrial clus-
ters, which are aggregates of over 2,200 products traded
internationally (see Leamer 1984, 1987, and 1995). The
distinguishing feature of each commodity group is that
empirical analyses conducted by Leamer (1984, 1995) show
that the products included in each cluster tend to be
exported by similar countries in terms of their endowments
of different types of labor, land, and natural resources. For
reference, Table 2.5 shows the components of Leamer’s 10
commodity aggregates, based on the widely used Standard
International Trade Classification (SITC).

As a precursor for further analysis of the evolution of pat-
terns of trade around the world, Figure 2.3 shows the shares
of world merchandise exports of the four clusters of manu-
factures, plus the sum of the shares of petroleum and raw
materials, and the sum of the four agricultural sectors dur-
ing 1976–99. The cluster of machines has had the lion’s
share of the world market, and also experienced a surge dur-
ing the 1990s. In the companion Table 2.6, it is evident
that the growth of machines was not even for all products
during the last decade, although all products in this cluster
had positive growth rates. The fastest-growing products
were electrical equipment, office and automatic data proces-
sors, and telecommunications equipment. There are no sur-
prises in these numbers.

The other three clusters of manufactured products (labor
intensive, capital intensive, and chemicals) maintained a
relatively stable share of the world market during the
1990s. In contrast, the agricultural and mining commodi-
ties experienced a noticeable decline in their corresponding
shares. However, these data should not be interpreted as
indications that agricultural and mining commodities are
zero-growth industries. In fact, world exports of cereals
grew, on average, by 2.6 percent per year during the 1990s,
exports of animal products by 3.2 percent, raw materials 
by 3.6 percent, petroleum by 4.1 percent, agriculture by
4.4 percent, capital-intensive manufactures by 4.6 percent,
labor-intensive products by 6.7 percent, and chemicals by
7 percent. The rising share of world exports of machines
reflects the fact that machine exports grew even faster than
the others—its overall average growth rate was about 8.2
percent per year.

The theoretically rigorous measure of comparative ad-
vantage is net exports, the difference between the value of
exports and the value of imports of each of these product
aggregates. The mathematical derivation of this conclusion
comes from Leamer (1984) and is presented in Box 2.1. The
intuition, however, is quite clear: countries will export
products that are produced with the strong aspects of their
economies, which could be large endowments of natural
resources or highly skilled labor, or any other type of
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FIGURE 2.2
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endowment. The precise definitions of the types of endow-
ments that could be considered as sources of strengths for
any given economy at a particular point in time were dis-
cussed in the previous section of this chapter.

Another advantage of using net exports as an indicator
of revealed comparative advantage, rather than other mea-
sures that focus only on the structure of exports, such as

those discussed in Balassa (1989), is that theoretically
countries should be net exporters of products that inten-
sively use the resources and economic strengths they have
at their disposal. This is so because an exclusive focus on
exports will ignore the possibility that countries import a
substantial amount of goods that they also export, which
could indicate that the hypothetical country is a net
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Petroleum
Petroleum and derivatives 33

Raw Materials
Crude fertilizers and minerals 27
Metalliferrous ores 28
Coal and coke 32
Gas, natural, and manufactured 34
Electrical current 35
Nonferrous metal 68

Forest Products
Lumber, wood, and cork 24
Pulp and waste paper 25
Cork and wood manufacturers 63
Paper 64

Tropical Agriculture
Vegetables 5
Sugar 6
Coffee 7
Beverages 11
Crude rubber 23

Animal Products
Live animals 0
Meat 1
Dairy products 2
Fish 3
Hides and skins 21
Crude animals and vegetables 29
Processed animal and vegetable oils 43
Animal products n. e. s. 94

Cereals, etc.
Cereals 4
Feeds 8
Miscellaneous 9
Tobacco 12
Oil seeds 22
Textile fibers 26
Animal oil and fat 41
Fixed vegetable oils 42

Labor Intensive
Nonmetal minerals 66
Furniture 82
Travel goods and handbags 83
Art apparel 84
Footwear 85
Miscellaneous manufactured articles 89
Postal packaging, not classified 91
Special transactions, not classified 93
Coins (nongold) 96

Capital Intensive
Leather 61
Rubber 62
Textile yarn and fabric 65
Iron and steel 67
Manufactured metal n. e. s. 69
Sanitary fixtures and fittings 81

Machinery
Power generating 71
Specialized 72
Metalworking 73
General industrial 74
Office and data processing 75
Telecommunications and sound 76
Electrical 77
Road vehicles 78
Other transportation vehicles 79
Professional and scientific instruments 87
Photographic apparatus 88
Firearms and ammunition 95

Chemical
Organic 51
Inorganic 52
Dyeing and tanning 53
Medical and pharmaceutical products 54
Essences and perfumes 55
Fertilizers 56
Explosives and pyrotechnics 57
Artificial resins and plastics 58
Chemical materials n. e. s. 59

TABLE 2.5

Components of Leamer’s 10 Commodity Clusters

AGGREGATES SITC AGGREGATES SITC

n. e. s. = Not elsewhere specified.
SITC = Standard International Trade Classification.
Source: Leamer 1995.



importer of the factors of production used in the elabora-
tion of those products. In other words, the indicator of net
exports provides adequate information concerning the
products in which an economy has strengths relative to the
rest of the world. Hence, the rest of the analysis in this
chapter focuses on the pattern of net exports for the
regional average, and for a set of LAC countries.

The Regional Average Since the Early 1980s
As mentioned earlier, in Latin American countries that exper-
imented with protectionist regimes roughly since the inter-
war period (the 1920s and 1930s) until the early 1980s, the

move to trade liberalization was meant to bring about a
change in the structure of trade in favor of labor-intensive
sectors. However, the region’s average pattern of international
trade, as reflected in the net exports per worker across
Leamer’s (1984 and 1995) clusters of commodities, has
remained dependent on and even increased the net exports of
land- and natural-resource-intensive commodities, as shown
in Figure 2.4. By 1997, the regional average of net exports of
raw materials per worker was about US$250; the number for
petroleum and tropical agriculture was about US$210; while
net exports of animal products per worker was almost US$50.
In contrast, in 1997, net imports per worker of machines were
almost US$800. The hopes of structural change were perhaps
misguided, because neoclassical trade theory predicts that
countries with abundant land and natural resources will spe-
cialize even more in these sectors after liberalization. Never-
theless, the increased dependence on such products has again
raised eyebrows and instigated recent calls for reevaluating
the structural effects of development strategies based on lib-
eral trade policies (see, for example, Katz 2000; and Ramos
1998).

Specific Country Experiences Since the Early 1980s
The regional averages discussed above, however, are mis-
leading in that they do not show the rather large differences
that exist within the region. Figures 2.3 through 2.8 show
the evolution of the composition of net exports for our core
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FIGURE 2.3

Shares of World Merchandise Exports, 1976–99
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TABLE 2.6

Growth of World Machine Exports, 1990–99
(Percent)

ANNUAL

PRODUCT GROWTH RATE

Arms 0.3
Metalworking 3.7
Specialized 3.9
Photography 4.4
General industrial 6.8
Road vehicles 7.0
Other vehicles 7.6
Power generating 8.0
Professional and scientific instruments 8.8
Telecommunications and sound 9.7
Office and data processing 10.7
Electrical 11.9
TOTAL 8.2



set of six countries. Of these, only Costa Rica and Mexico
(Figures 2.8 and 2.10, respectively) show a significant
change in their trade structure in the sense that at some
point between 1980 and 1999 they became net exporters of
new products. In the case of Mexico, this occurred in 1995,

right after the implementation of NAFTA (January 1994),
and after the currency devaluation of December 1994.
Beginning in 1995, Mexico became a net exporter of
machines. More disaggregated data reveals that, within the
cluster of machines, Mexico is an important exporter of
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Assuming Leontieff technology, the framework in Leamer
(1984) begins with the system of equations that relate fac-
tor supplies to factor demands as follows:

K = aK1Y1 + aK2Y2, and (1)
L = aL1Y1 + aL2Y2 (2)

K and L are the amounts of two factors of production,
call them capital and labor, available in a given country.
These amounts are country specific and are assumed to be
internationally immobile. The Y’s denote the quantity
produced in the given country of two commodities (labeled

1 and 2). The a’s are the traditional factor intensities deter-
mined by the available production technologies in each
sector, and they represent the units of each factor required
to produce a unit of output. Equations (1) and (2) repre-
sent a system that can be solved for outputs Y as a func-
tion of the inputs K and L and the factor intensities.

In matrix notation, this setup can be generalized to a
model with multiple products and multiple factors of
production as long as the latter do not exceed the num-
ber of products, or as long as the model is just identified
or underidentified. Then:

Y = A–1V (3)

where Y is the vector of product outputs and V is the vec-
tor of endowments. The A is the vector of factor intensi-
ties, which is invertable as long as the production tech-
nologies are different across sectors so that the ratios of
factor intensities across sectors are not identical.

Still following Leamer (1984), the production of the
world economy as a whole can also be written in the same
format:

YW = A–1VW (4)

Assuming that countries consume commodities in the
same proportions, the country consumption levels can be
expressed as:

C = sYW (5)

where YW is the world’s output vector and s is the pro-
portion consumed by each country.

The proportional-consumption assumption is rather
implausible and is used for the sake of simplicity, but it is
not a fundamental part of the argument. Deviations from
this assumption do not change the substance of the analy-
sis (see Leamer 1984). Hence the vector of net exports 
is simply the product of the inverse of the vector of fac-
tor intensities across product clusters and the difference
between each country’s vector of endowments and the
world’s vector of endowments. An often forgotten step 
in the derivation of testable hypotheses is that the key
dependent variable is net exports, not gross exports or
gross imports. This is clear after considering the fact that
net exports are the difference between domestic produc-
tion and consumption:

NX = Y – C = A–1 (V – sVW) (6)

In principle, empirical models of neoclassical trade the-
ory should be estimated with net exports as the dependent
variable, and excess factor endowments as the explanatory
variables. In turn, the signs of the estimated coefficients on
the endowment variables, or the values inside the inverted
A matrix, reflect the factor intensities of production.  

At this point, it is important to note that the inverted
vector A contains factor intensities across product clus-
ters, not relative factor abundances across countries. How-
ever, each country’s consumption share (relative to the
world) is a weighted average of its factor shares (also rela-
tive to the world’s endowments), so that s is:

K/KW > s > L/LW, or, K/KW < s < L/LW (7)

That is, a capital-abundant country will have K/KW >
s > L/LW , while a labor-abundant country will have
K/KW < s < L/LW.

BOX 2.1

Net Exports as an Indicator of Comparative Advantage Driven by Endowments



telecommunications equipment, transport equipment
(including vehicles and auto parts), and office equipment.
In 1999, Costa Rica became a net exporter of machines, and
this result is driven by exports of computer chips produced
by the newly installed Intel plant in that country, which

began its operations in 1998. Both of these cases will be
discussed in more detail in the rest of the report.

The picture for Argentina (Figure 2.5) reflects the fact that
it is rich in agricultural endowments. It maintained a con-
siderable comparative advantage in cereals and animal prod-
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FIGURE 2.4

Average LAC Net Exports per Worker by Commodity Groups, 1982–97 

Note: Sample of 22 countries: Argentina, Barbados, Belize, Bolivia, Brazil, Chile, Colombia, Costa Rica, Ecuador, El Salvador, 
Guatemala, Honduras, Jamaica, Mexico, Nicaragua, Panama, Paraguay, Peru, the República Bolivariana de Venezuela, Suriname,
Trinidad and Tobago, and Uruguay. To see this figure in color, refer to Figure A.1 in the Annex.
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Argentina: Structure of Net Exports, 1980–99
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ucts, and to a lesser extent in other agricultural commodities,
throughout this period. In addition, this economy benefits
from substantial petroleum reserves. Argentina seems to have
lost an incipient capital-intensive industry since the early
1990s, which has raised concerns about the impact of eco-
nomic reforms implemented during 1991–94 on the process
of industrialization. On the other hand, the establishment of
the Common Market of the Southern Cone in 1991 might
have helped maintain some domestic industrial production,
which nevertheless at first sight does not seem to have helped
to develop a comparative advantage in these products relative
to the rest of the world (see Yeats 1998). These issues are ana-
lyzed in greater detail in Chapter 3.

The case of Brazil is also interesting, but for different rea-
sons. The structure of net exports of this economy is remark-
able throughout the period shown in Figure 2.6, largely due
to the diversity of products that it exports. For example,
Brazil is a net exporter of tropical agriculture, cereals, animal
products, and forestry, but it also exports capital- and labor-
intensive manufactures. Moreover, an interesting trend
emerged after the implementation of the Real macroeco-
nomic stabilization plan in mid-1994. That is, during
1994–97 the trade balance deteriorated, which is reflected in
the downward move of the bars shown in Figure 2.6. During
this period, machine imports rose much faster than exports,
and thus the share of net exports of this cluster of products,

which includes transport equipment, fell precipitously.
Given the international success of EMBRAER, Brazil’s
small-aircraft producer privatized in 1994, this downward
trend in machine net exports is remarkable. Further disag-
gregation of the trade flows in this cluster shows that, as of
1999, Brazil remained a net exporter of transport vehicles,
which includes aircraft. We will return to the Brazilian expe-
rience later in this report.

As is well known, Chile was a leader in the implementa-
tion of economic reforms prior to the 1980s. Hence it is the
country in the region that has had the longest experience
with liberal trade and investment policies. Consequently, it
is an important case to consider, because it might offer
insights about the long-term effects of liberal policies.
Since the early 1980s, in spite of a temporary reversal of its
trade policies during 1982–84 (see Lederman 2001 for a
detailed analysis), its structure of net exports has remained
quite stable, as shown in Figure 2.7. It is an economy that
exports natural resource–intensive commodities, such as
copper, and agricultural and animal (including fisheries)
products. It is a net importer of petroleum and of all types
of manufactured goods. This pattern raises the issues con-
cerning the dependence on natural resources and land.
Moreover, it has been one of the best-performing economies
during the last 15 years in terms of economic growth in the
region, and perhaps in the developing world, and thus
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FIGURE 2.6

Brazil: Structure of Net Exports, 1981–99
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illustrates the fact that economic development and poverty
reduction need not be hampered by the existence of natural
wealth. This report will cover not only the experience of
Chile in the agricultural and mining sectors, but also the
historical development experiences of now-industrialized
economies such as Australia, Canada, Finland, Sweden, and

the United States, in order to evaluate the factors and poli-
cies that aided the development of these economies.

The Dominican Republic (Figure 2.9) is an example of an
economy that, on the merchandise side, has maintained a
clear comparative advantage in tropical agriculture and
labor-intensive manufactures. Its comparative advantage in
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FIGURE 2.7

Chile: Structure of Net Exports, 1981–99  
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FIGURE 2.8

Costa Rica: Structure of Net Exports, 1981–99
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agricultural products has persisted for a long time, clearly
due to its relatively high endowment of arable land relative
to its labor force and capital stock. As discussed below,
exports of labor-intensive manufactures from the Domini-
can Republic and several Central American countries were

stimulated by policies establishing EPZs. Like northern
Mexico, the manufacturing sector of this country has ben-
efited from its proximity to the large consumer market of
the United States. Later in this report, the role of commu-
nications technology, including the Internet, and interna-
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FIGURE 2.9

Dominican Republic: Structure of Net Exports, 1981–99
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FIGURE 2.10

Mexico: Structure of Net Exports, 1981–99
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tional transport costs will be analyzed in terms of their
importance for attracting FDI in manufacturing activities
that are vertically linked with a broader manufacturing
production process. That is, countries like the Dominican
Republic, which are close to large consumer markets and to
the source of more capital-intensive inputs for production,
will tend to attract foreign investment to take advantage of
both their geographic location and their competitive labor
force.

Observers of the global economy, especially of flows of
manufactured products, recognize that firms that export
certain goods are facing the pressure of competition from
other large developing countries, especially countries such
as China, India, and Korea. In particular, there are fears
that the opening of China and India, with their large pools
of competitive labor, pose significant challenges for exports
of labor-intensive manufactures such as apparel and foot-
wear. Box 2.2 reviews the structure of trade in these large
developing countries.

An interesting issue explored below emerges from the
comparison of Costa Rica and the Dominican Republic.
Costa Rica succeeded in attracting major investment in the
relatively more “sophisticated” industrial cluster of machin-
ery (that is, computer chips), while the Dominican Republic
has maintained a comparative advantage in labor-intensive
manufactures. It is likely that this qualitative difference is
mainly due to the difference in the quantity and quality of
the countries’ human capital. The case of the Dominican
Republic is also interesting due to its dynamic tourism sec-
tor. Hence we will cover this sector in Chapter 4.

The main issue raised by the recent evolution of the pat-
terns of trade of LAC countries is the concern about the
remaining, and in some cases rising, dependence on export
revenues provided by natural wealth, such as mining and
petroleum reserves and arable land. The following section
tries to clarify the potential determinants of the observed pat-
terns of trade, and then discusses statistical evidence based on
international comparisons from throughout the globe.
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Figures 2.11, 2.12, and 2.13 show the evolution of net
exports per worker of manufactures for three large devel-
oping countries: China, India, and Korea. China shows a
continuous increase in its net exports of labor-intensive
goods since the late 1980s, when the process of economic
liberalization was launched. India also has a comparative
advantage in labor-intensive goods, but remains rela-
tively closed. The emergence of these international pow-
erhouses in the export of labor-intensive manufactures
poses a challenge for other developing economies wishing
to expand their labor-intensive exports.

Korea is the most open economy of the three. During
the entire period from 1976 to 1999 Korea maintained a
clear comparative advantage in manufactures, especially
labor- and capital-intensive manufactures. However, since
1992, Korea’s net exports of machinery increased dra-
matically, while since 1989 its net exports of labor-inten-
sive manufactures declined steadily. This structural
change in its pattern of trade is probably a consequence
of Korea’s success in terms of raising real wages and mov-
ing up the ladder of manufacturing processes. This case

illustrates how an economy integrated into the global
marketplace can naturally change its comparative advan-
tage as development progresses.

What do these comparisons imply for Latin America
and the Caribbean? First, the emerging patterns of trade in
these economies indicate that labor-intensive manufactures
will continue to be a very competitive sector of the world
economy, especially as the process of liberalization contin-
ues in China and India. Consequently, the survival of labor-
intensive industries in LAC will depend on the extent to
which they are able to compete with Chinese and Indian
exports by playing to their strengths, mainly their close
proximity to the United States. Moreover, as discussed
later in this chapter, the adoption of ICT can also help
enhance the performance of labor-intensive firms. This
consideration is particularly important for the Dominican
Republic and some Central American countries that have
managed to develop labor-intensive industries oriented
toward foreign markets. Korea’s pattern of trade is similar
to the one emerging in Mexico. Consequently, we can ex-
pect stiff competition in machines by Korean firms.

BOX 2.2

The Structure of Trade in Large Developing Countries: China, India, and Korea



Are Traditional Endowments Destiny? 
The short answer to this question is “no,” having natural
riches does not mean that a country will only produce and
export commodities based on the exploitation of natural
resources, land, or both. It turns out that other types of
“endowments” also matter a great deal in the determination
of trade patterns. Furthermore, several of the factors that
help explain why some countries are net exporters of manu-
factures, while others export agricultural commodities, are

quite sensitive to social and economic policies. The follow-
ing analysis discusses statistical evidence that shows the
importance of modern notions of factor endowments. 

Determinants of Trade Structure: 
International Evidence
Given that the previous casual discussion of various pat-
terns of trade simply established that all patterns are theo-
retically possible and that natural wealth (that is, in terms
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FIGURE 2.11

China: Net Exports per Worker, 1984–99
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FIGURE 2.12

India: Net Exports per Worker, 1978–98
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of land and mining reserves) are not necessarily destiny in
terms of trade patterns, what do data actually show?

Trade and Endowments
In this section we discuss empirical evidence based on data
for over 55 countries during 1976–99. Box 2.3 explains the
data. Greater detail can be found in the background paper
by Lederman and Xu (2001). Our objective here is to com-
pare the influence of traditional concepts of factor endow-
ments (that is, land, labor, and capital) to the effects of
modern notions such as education, knowledge, ICT, insti-
tutions, infrastructure, and volatility.

Table 2.7 shows in dicators of the patterns of trade and
their potential determinants for our sample of countries.
Column (1) shows the standard deviation of the variables
across countries; column (2) shows the average standard
deviation within countries (that is, over time); and  column
(3) shows the ratio of the first divided by the second. This
last set of numbers is interesting because it provides a sense
of how much each indicator varies across countries relative
to its variation within countries (that is, over time).

An interesting finding is that the value of net exports of
labor-intensive manufactures and the probability of being
a positive exporter of these goods are the trade indicators
with the lowest relative variance across countries, when
compared to the variation over time. For example, the
probability of being an exporter of these goods varies only
2.2 times more across countries than over time. Hence it

seems that for any given country, developing a compara-
tive advantage over time in this type of manufactured
goods is more likely than for other commodity groups. It
is likely that this finding is due to the possibility of
attracting FDI in search of competitive labor. More gener-
ally, most indicators related to net exports of manufactured
goods tend to vary more over time than indicators related
to agricultural commodities. The only exceptions to this
rule are the probabilities of being a positive exporter of
animal products and cereals, which have a relatively low
ratio in column (3).

The fact that changing comparative advantage over time
seems to be relatively difficult (as shown by the relatively
low variation of the trade variables within countries) does
not mean that nothing can be done. Indeed, the data dis-
cussed so far show that it is possible to experience struc-
tural changes over time even if this is relatively rare when
compared to the variation that exists across countries. The
real issue is, therefore, what can be done either to enhance
the performance of the industries in which a developing
country has a comparative advantage or to change its struc-
ture of trade. Figures 2.14, 2.15, and 2.16 shed some light
on this question.

Each graph contains the difference between the average
value of each endowment indicator for countries (and years)
that have a comparative advantage (that is, positive net
exports) minus the average for those countries (years) that
do not have a comparative advantage. Each one corresponds

31

C O M P A R A T I V E  A D VA N T A G E ,  D I V E R S I F I C A T I O N ,  A N D  I N T R A - I N D U S T R Y  T R A D E :  D E T E R M I N A N T S  A N D  C O N S E Q U E N C E S

FIGURE 2.13

Republic of Korea: Net Exports per Worker, 1976–99
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to a given agricultural or manufacturing industrial cluster,
again based on Leamer’s commodity aggregates. Some inter-
esting generalizations can be drawn from these pictures.

An interesting similarity exists between countries with
a comparative advantage in tropical agriculture and those
with a comparative advantage in labor-intensive manufac-
tures. The countries that export these goods seem to have
relatively low levels of virtually every endowment, except
land in the case of tropical agriculture. In contrast, coun-
tries with a comparative advantage in forestry and cereals
have higher endowments of all types than countries that
import those goods. Countries with a comparative advan-
tage in forestry have particularly high levels of infrastruc-
ture; those with a comparative advantage in cereals have
particularly high levels of education and infrastructure.
Finally, countries that export capital-intensive exports,
machines, and chemicals have higher than average endow-

ments of all types, except for land. But these countries have
particularly high levels of the “modern” endowments. This
is especially the case of knowledge for capital-intensive
exports; knowledge, education, ICT, and institutions for
both machines and chemicals. Hence it is clear that having
land resources does not automatically mean that a country
cannot develop a comparative advantage in manufactures.
More important, countries that export certain agricultural
commodities tend to be very sophisticated in terms of their
level of technological and institutional development.

The main weakness of the analyses presented so far is
that they ignore the fact that all these endowments inter-
act to produce particular patterns of international trade. In
other words, the simple correlations presented here should
not be interpreted as evidence about the precise determi-
nants of comparative advantage. The following economet-
ric analysis is required to ascertain the extent to which the
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The traditional explanatory variables of comparative advan-

tage are the endowments of crop- and forestland (hectares

per worker) and capital (per worker). The “new” variables

considered here include our index of institutional quality (a

composite index based on data from the International Coun-

try Risk Guide), ICT, domestic land transport infrastructure

(a combination of the length of paved roads and railways),

the index of knowledge (R&D expenditures, technical work-

ers as a share of the labor force), the average years of educa-

tion of the adult population, and the volatility of the real

effective exchange rate. The data cover 1976 to 1999 for

over 55 countries. The regressions were conducted after

dropping the top and bottom 1 percent.

As mentioned, the explanatory variables were divided
into two categories; those that determine comparative
advantage and those that determine the value of net
exports per worker. Table 2.7 shows the standard devia-
tions for the dependent (the sign and value of net exports)
and explanatory variables. Column (1) shows the standard
deviation of the variables across countries; column (2)
shows the average standard deviation within countries
(that is, over time); and column (3) shows the ratio of the
first divided by the second. The first obvious observation
is that the cross-country variance for all variables is greater
across countries than within countries. However, the trade

data, namely the value of net exports and the condition of
being a positive net exporter, both change much less over
time than many of the explanatory variables. The cross-
country variance of the value of net exports is two to nine
times greater than the within-country variance. The con-
dition of being a net exporter has an even higher relative
cross-country variance than the value of net exports for
most sectors, except animal products, and to a lesser extent
labor-intensive manufactures and cereals.

All the variables chosen as explanatory variables in the
comparative advantage equation—that is, those listed in
bold letters—are relatively more stable over time than
the value of net exports. The only exception is the index
of ICT, whose over-time variance is surprisingly high.
This is due primarily to the very fast growth of the num-
ber of registered Internet hosts in the late 1990s, when
many countries went from having zero to having positive
numbers. Therefore, we opted to include it in the com-
parative advantage together with the other endowment
variables that change little over time. All characteristics
of neighbors were put in the trade intensity function,
thus limiting the variables in the comparative advantage
equation to relatively stable home-country characteris-
tics. (For more detailed information on the data and
methodology, see Lederman and Xu 2001.)

BOX 2.3

Data: Traditional and New Endowments



endowments affect the likelihood that any given country at
any given time will have a comparative advantage in a cer-
tain industry.

Econometric Evidence
Perhaps the most important message from the discussion of
the various patterns of integration is that, in the current
context of globalization, it is difficult to predict where
industries will be located in the future. The main reason for
this is that international flows of intermediate goods,
knowledge, capital, and labor, facilitated by low transport
costs and improvements in communications technology,
open up opportunities for industries of various degrees of
technological sophistication to be established almost any-
where in the world. Furthermore, agricultural and eco-
nomic activities based on the discovery, extraction, and
processing of natural resources offer opportunities for the

emergence of sophisticated manufacturing activities, which
in the future might become completely detached from the
aforementioned sectors.

The main question posed in this section was whether
natural endowments are destiny in terms of determining
the pattern of comparative advantage across countries and
over time. The empirical evidence presented above indi-
cates that land and capital per worker do play an important
role in determining comparative advantage. However, they
are not destiny, because other country-specific characteris-
tics, which are arguably more sensitive to public policies,
also play an important role. This general conclusion comes
from the descriptive evidence. However, the previous
analysis was based on an examination of the characteristics
of countries that have positive net exports of the various
types of goods, which cannot establish the precise impact
of the various country endowments on comparative advan-
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TABLE 2.7

Variance of Variables of Interest across and within Countries

VARIABLES (1): BETWEEN S.D. (2): MEAN WITHIN S.D. (3): (1) /(2)

Net exports of:
Raw materials 0.40 0.07 5.71
Forestry 0.54 0.08 6.75
Tropical agriculture 0.17 0.05 3.40
Animals 0.48 0.08 6.00
Cereals 0.19 0.05 3.80
Labor intensive 0.31 0.13 2.38
Capital intensive 0.21 0.07 3.00
Machines 0.85 0.27 3.15
Chemicals 0.31 0.10 3.10

Probability of being a positive net exporter of: 
Raw materials greater than 0 0.46 0.06 7.67
Forestry greater than 0 0.44 0.05 8.80
Tropical agriculture greater than 0 0.46 0.05 9.20
Animals greater than 0 0.43 0.15 2.87
Cereals greater than 0 0.43 0.12 3.58
Labor intensive greater than 0 0.42 0.19 2.21
Capital intensive greater than 0 0.40 0.10 4.00
Machines greater than 0 0.30 0.06 5.00
Chemicals greater than 0 0.34 0.05 6.80

Explanatory variables:
Annual rate of change of the real exchange rate 0.33 0.25 1.32
ICT Index 1.79 1.27 1.41
Institutions Index 1.55 0.44 3.52
Capital per worker 1.29 0.30 4.30
Income per capita 1.03 0.22 4.68
Adjusted Openness Index 47.09 8.39 5.61
Years of schooling 2.67 0.46 5.80
Knowledge 2.49 0.38 6.55
Cropland per worker 0.72 0.07 10.29
Forestland per worker 1.43 0.10 14.30
Land Transport Index 1.48 0.10 14.80

Note: See Box 2.3 and Lederman and Xu (2001) for details on the data. Variables in bold were used as determinants of comparative advantage in the econometric exercises.
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Tropical Agriculture Petroleum Raw Materials Labor Intensive

FIGURE 2.14

Characteristics of Countries with a Comparative Advantage in Tropical Agriculture, Raw Materials, Petroleum,
and Labor-Intensive Manufactures
(Compared to the Rest)

D
if

fe
re

nc
e 

of
 G

ro
up

 M
ea

ns

–2
Institutions Infrastructure ICT Cropland Forestland Knowledge Education Capital Volatility

–1

0

1

2

3

4

FIGURE 2.15

Characteristics of Countries with a Comparative Advantage in Forestry, Cereals, and Animals
(Compared to the Rest)
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FIGURE 2.16

Characteristics of Countries with a Comparative Advantage in Capital-Intensive Manufactures, Machines, and Chemicals
(Compared to the Rest)
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tage because many of these characteristics move together.
Hence further econometric analysis that examines the
“marginal” effects of each of the country endowments can
be a useful complement.

The main econometric results concerning the determi-
nants of comparative advantage are summarized graphically
in Figure 2.17; the methodology is discussed in Box 2.4.
Each bar shown in the graph indicates the impact of the cor-
responding country endowment on the probability of com-
parative advantage in the agricultural and manufactured-
goods sectors.

For given endowments, small increments in forestland,
knowledge, and infrastructure have significant effects on
the likelihood of having a comparative advantage in
forestry exports. These results are driven by several Scandi-
navian countries, such as Finland and Sweden (see Chapter
3), which invest in R&D and have developed important
technologies in a variety of areas, including forestry. Like-
wise, these countries also have advanced domestic infra-
structure. Furthermore, some developing countries that
export forestry products, such as Chile, also have relatively
more advanced infrastructure than other developing coun-
tries. Finally, comparative advantage in forestry is impeded
by macroeconomic volatility.

On average, small improvements in education (besides
cropland) can have significant positive consequences for net
exports of tropical agricultural products. In interpreting
this result, readers should be aware that this product cate-
gory includes commodities, such as fresh fruits, which are
exported by relatively (compared to developing countries)
educated countries, such as Chile and New Zealand. Like-
wise, net exports of cereals benefit from small increases in
cropland, general education, and infrastructure. These
results for cereals clearly reflect the influence of countries
such as Australia, Canada, and the United States, which
have highly educated populations and extensive roads and
railways. Also, on average, countries that raise their general
education and transport infrastructure on the margin will
increase their chances of developing a comparative advan-
tage in animal products.

All else remaining constant, countries that raise their
endowments of knowledge and ICT will increase their
chances of developing a comparative advantage in labor-
intensive manufactures. This result is strikingly consistent
with the trade theories that emphasize the role of coordi-
nation costs, and logistics costs more generally, in stimu-
lating the fragmentation of production across borders. That
is, the labor-intensive stages of production are made more
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FIGURE 2.17

Marginal (Average) Effects of Country Characteristics on Comparative Advantage
(Comparative Advantage = Probability of Positive Net Exports; Only Statistically Significant Effects Shown)
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profitable when countries raise their levels of ICT develop-
ment, which helps producers coordinate their activities
better with their input suppliers located in the developed
(capital-rich) countries.

Small improvements in knowledge have even greater
effects on comparative advantage in capital-intensive manu-
factures—more so than for labor-intensive goods. Also, mar-
ginal increments in knowledge and in the amount of capital
per worker have significant impacts on the comparative
advantage in machines. For a given level of knowledge, tiny
improvements in institutional quality favors comparative
advantage in chemicals, which are also exported by countries
with high endowments of capital per worker and land-trans-
port infrastructure. As discussed earlier in this chapter, the
knowledge index used for this analysis is composed largely
of outcome indicators of R&D expenditures and the number
of patent applications. The fact that the quality of institu-
tions has a large (marginal) impact on comparative advan-
tage in chemicals indicates that a proper institutional frame-
work for the creation of knowledge can be greatly improved
with (statistically) small efforts to reform domestic institu-

tions, especially those involving the enforcement of intellec-
tual property rights, and even those regulating the incen-
tives for R&D expenditures. The good news is that small
improvements in institutional quality might have large pos-
itive effects on these sectors. More generally, the results show
that since the mid-1970s, new endowments have had signif-
icant effects on the patterns of trade around the world.

To finalize the discussion about whether traditional
endowments are destiny, Table 2.8 reports the possible
ranges of the variance of comparative advantage attribut-
able to traditional notions of endowments (land and capital
per worker) and to the modern notions of endowments
(knowledge, schooling, infrastructure, institutions, ICT,
and so forth). The table shows the plausible ranges esti-
mated with various analysis-of-variance (ANOVA) exer-
cises, which had the predicted probabilities from the previ-
ous models as the dependent variable.

The evidence shows that only the variance of comparative
advantage in raw materials and forest products explained by
the conventional factor endowments are greater than the
variance explained by the modern concepts, which are more
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In using the Heckman selection model (Heckman 1976,
1979), we simultaneously estimate a model of the deter-
minants of comparative advantage with another of export
(and separately, import) intensity. Factor endowments,
broadly defined, determine whether the country is a net
exporter (or a net importer); then trade policy (that is,
“adjusted openness”), the institutional environment, infra-
structure, and economic size (of the domestic economy
and of its principal neighboring countries) determine the
value of net exports (imports). Formally,

I*
it = Xc

it �c + �it

Iit = 1 if I*>0
NXit = XE

it �E + uit

where cov (�it, uit) � 0

where I*
it represents the index function for exports (im-

ports); a positive value of the function leads to the status of
net exporter (importer). The NXit function represents the
value of net exports (imports) per worker. Note that the

unobservables for the selection equation and the main
equations are allowed to be correlated. The equation of the
determinants of export (import) status is the “comparative
advantage equation.” The equation of the determinants of
net export values is the “trade intensity equation.” In esti-
mating the import and the export segments separately, we
have allowed the coefficients for the net export equation to
differ across the net-export and the net-import subsamples,
which provides an intuitive way to allow for nonlinearities
in our estimates of the determinants of trade intensity.

Due to data limitations, the analysis does not include
deposits of minerals and petroleum. To correct this omis-
sion, we conducted additional statistical exercises, using
the condition of being a net exporter of raw materials and
petroleum as a proxy. The results discussed in the main
text for agricultural and manufacturing products did not
change significantly. Another caveat is that the “endow-
ments” might be “caused” by trade. Hence the econo-
metric models used the lagged values of the endowments
in the analysis discussed here.

BOX 2.4

Econometric Methodology: Heckman Selection Models



malleable through public policies. More precisely, for raw
materials, the minimum and maximum shares of the con-
ventional factors are higher than the corresponding shares of
the new factors. In the case of forest products, the minimum
share of the conventional factors is greater than the maxi-
mum of the modern factors. However, as mentioned earlier,
we acknowledge that the explanatory power of traditional
factors would probably be slightly higher if we included
mining and petroleum reserves, although our additional
estimations using rather imperfect proxies for these vari-
ables yielded very similar results.

There are some surprising results concerning comparative
advantage in agricultural and animal products. The share of
the global pattern of comparative advantage in tropical agri-
cultural products and cereals explained by the new factors
could be as much as 87 to 89 percent of this variance. The
conventional factors could explain no more than 54 to 55
percent. In the case of animal products, the evidence is even
stronger in favor of the new factors, because the minimum
possible share of the variance explained by these factors is
almost twice as high as the maximum variance possibly
explained by the more traditional notions of factor endow-
ments. In our view, these results are surprising because agri-
cultural products obviously require land, but we have already
discussed the influence of domestic infrastructure and gen-
eral education on agricultural comparative advantage.

It is perhaps less surprising that the new factors explain
relatively high shares of the global variation in comparative
advantage in manufactured goods. The evidence shows that

this is especially strong in labor- and capital-intensive
manufactures. In the latter, the new factors explain be-
tween 86 and 96 percent of the variance. In the cases of
machinery and chemicals, the maximum share reaches 94
percent for machines and 78 percent for chemicals.

From a public policy standpoint, the overall results are
encouraging. It cannot be overemphasized that land endow-
ments and other natural riches are not destiny. Developing
countries can develop comparative advantage in manufactur-
ing activities through sustained efforts to raise the quality of
domestic institutions, improve the public transport infra-
structure, and help the private sector adopt new information
and communications technologies. Perhaps more important,
policymakers should not underestimate the role played by
general education and knowledge in determining the global
patterns of trade. Although we have emphasized that for any
given level of educational attainment of the adult popula-
tion, knowledge creation is a key factor in the performance of
most manufacturing activities, you cannot have knowledge
without general education; engineers and innovation are not
created in a vacuum. Yet knowledge by itself seems to have
strong and independent effects on the capacity of countries
throughout the globe to export manufactured goods.

The following sections explore the causes and conse-
quences of other structural features of international trade,
namely the degree of export diversification and IIT. These
features have important consequences for the pace of eco-
nomic development, and their determinants are somewhat
different from the factors discussed thus far.
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TABLE 2.8

The Role of Conventional and New Factors in Accounting for Patterns of Comparative Advantage across Countries
during 1976–99

SHARE OF VARIANCE EXPLAINED BY: 

“CONVENTIONAL” FACTORS: “NEW” FACTORS: INSTITUTIONS, ICT,

CROPLAND, FORESTLAND, AND INFRASTRUCTURE, VOLATILITY,

COMPARATIVE ADVANTAGE IN: CAPITAL PER WORKER EDUCATION, AND KNOWLEDGE

Raw materials 0.35–0.78 0.19–0.62
Forestry products 0.52–0.76 0.19–0.40
Tropical agricultural products 0.09–0.55 0.40–0.87
Animal products 0.11–0.35 0.65–0.89
Cereals 0.25–0.54 0.42–0.72
Labor-intensive manufacturing 0.15–0.35 0.62–0.83
Capital-intensive manufacturing 0.02–0.12 0.86–0.96
Machinery 0.06–0.62 0.38–0.94
Chemicals 0.22–0.61 0.39–0.78

Note: The dependent variable in the ANOVA exercises for each row is the predicted probability of exporting the specific product; the underlying model is
the selection equation of the Heckman model. The reported number in the cells are the share of the variance attributable to each group of variables. Since
the share depends on the “ordering” of the explanatory variables in the ANOVA equation, we report the range of shares under different combinations.



Export Diversification and IIT: Where Are We,
and Does It Matter?
A recurrent preoccupation of LAC policymakers is that
their natural riches produce a highly concentrated structure
of export revenues, which then leads to economic volatility
and lower growth. This section examines the evidence con-
cerning export revenue concentration. It first compares the
region’s degree of export revenue concentration with those
of other parts of the world. The evidence indicates that the
region enjoyed declining export concentration during the
1990s, after the trade reforms. This declining trend is also
evident in the set of LAC countries. After presenting these
facts, we explore the relationship between export revenue
concentration and economic growth. The evidence is clear:
concentration reduces subsequent economic growth, and
only a fraction of this effect is explained by the correlation
between export concentration and macroeconomic volatil-
ity. It is likely that a large portion of the remaining nega-
tive effect of concentration on growth is due to the nega-
tive relationship (but not necessarily causation) that exists
between concentration and the incidence of IIT (that is, the
share of total trade that is composed of imports and exports
in the same product class).

IIT is correlated with the pace of economic development
because it is driven by productivity gains. Much of the
recent literature on trade has focused on scale economies in
production, which can produce patterns of trade that are
unrelated to factor endowments. Thus, economies of scale
provide an explanation for trade flows among countries
with similar endowments and that export similar products
to each other. Regarding the relationship between IIT and
economic growth, IIT is more likely to be driven by prod-
uct differentiation, productivity gains, and/ or the life cy-
cle of product development (see, for example, Krugman
1979).5 That is, IIT is driven by economies of scale and
productivity gains, which in turn should be reflected in a
country’s growth rate.

To determine the stylized facts about the recent evolu-
tion of the incidence of IIT in the region as a whole, and for
our core set of countries, we studied the determinants of
IIT across the globe, using annual data from 1970 to 1997.
We found that public policies can affect the incidence of
IIT. Among the most important policies to consider are
increasing the rate of education of the population so that
the region can catch up with the rest of the world, main-
taining an open trade regime, and improving domestic

institutions and infrastructure to ameliorate the impact of
geographic distance from the major world markets. 

This report links sectoral comparative advantage with
the issues of export concentration and IIT. It looks at the
evidence concerning the relationship between comparative
advantage in the 10 industrial clusters discussed previously
and the degree of export concentration and IIT. We attempt
to answer the question of whether sectoral policies can help
reduce export concentration and raise IIT. The data show
that there is no clear relationship between the degree of con-
centration and IIT across sectors. Consequently, we con-
clude that sectoral policies that aim at addressing export
concentration and IIT by “changing” a country’s compara-
tive advantage might have unexpected results. Indeed,
attempts to increase exports of manufactures might actually
reduce export diversification and IIT.

Export Diversification and IIT in LAC
There are various ways to measure the degree of concentra-
tion of any economic variable. For example, the menu of
indicators for measuring the degree of concentration of in-
come across households is quite large, and includes the
Gini index, the Theil index, and the Herfindahl index. For
the moment we rely on the Herfindahl index to examine
recent trends in export concentration in LAC. The case of
Argentina is examined in Chapter 4 and alternative mea-
sures of concentration are used therein. The advantage of
the Herfindahl index is that it is not sensitive to the incor-
poration or elimination of product lines.6

Figure 2.18 shows the evolution of the median (or typi-
cal) index of concentration of export revenues for the region
compared with the rest of the world. The export concen-
tration of the typical LAC country experienced a secular
decline since 1981. Nonetheless, the degree of concentra-
tion is still higher than in Asia, Eastern and Central
Europe, and the industrialized countries of the OECD.
Another interesting aspect of these indicators is that the
higher they are the more volatile they are. This is revealed
in Figure 2.18, where the corresponding indexes for Sub-
Saharan Africa and the Middle East and North Africa are
quite volatile. This is expected because a high concentra-
tion of export revenues in a few products will also result in
a high sensitivity of the index to particular variations in the
international prices of those commodities. Thus we cannot
say much about the relative position of Sub-Saharan Africa
to Latin America and the Caribbean in the last three obser-
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vations in the chart. That is, we do not know whether this
was due to, for example, a temporary decline in the price of
Africa’s major commodity exports. In contrast, as men-
tioned, LAC did experience a secular decline in its concen-
tration of export revenues. The question that remains is

whether this declining trend is also present in our core set
of countries. 

Figure 2.19 shows the indexes of export concentration
for a set of LAC economies. Of the sample, Brazil has the
most diversified export structure, which is reflected in the
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FIGURE 2.18

Median Herfindahl Index of Concentration of Exports by Regions
(Minimum of 11 Country Observations Per Year; Calculations Based on over 2,000 Product Lines, Four-Digit Standard
International Trade Classification [SITC])
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FIGURE 2.19

Herfindahl Index of Merchandise Export Revenue Concentration
(Calculations Based on 2,208 Product Lines, Four-Digit SITC)
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relatively low values of its concentration index. It has been
diversified for some time, especially when compared to the
rest of the sample. Argentina also has a diversified export
structure, and has experienced a decline in concentration
since 1991. This experience is examined in detail in Chap-
ter 3. Mexico experienced the most dramatic decline in
export concentration. In fact, since 1990 (which was not
the year of Mexico’s highest level of concentration) the
Mexican index declined from about 0.13 to 0.02 in 1999.
By the end of the 1990s Mexico had reached the Brazilian
level of diversification of exports. 

Chile also experienced an important decline of export
revenue concentration, but it remains relatively concen-
trated, especially when compared with the aforementioned
countries of South America and Mexico. Costa Rica’s ex-
perience is also interesting. Like the rest of the sample, 
it experienced a steady process of diversification during 
the 1990s, until the very end. In 1999, after Intel began
exporting computer chips from Costa Rica, the country’s
export structure experienced a dramatic increase in the
level of concentration. It remains to be seen whether this
degree of concentration will prove to be transitory as the
economy begins to develop new potential export products.
For now, however, this case raises the issue that strong
foreign investment and the emergence of a new manufac-
turing industry will not automatically lead to greater di-
versification of export revenues. Indeed, Costa Rica will
probably face macroeconomic challenges in attempting to
manage swings in the international price of computer
chips. However, the volatility of high-tech product prices
might be lower than that of agricultural commodities, and
it is possible that the country will quickly develop new
export industries, in part due to potential dynamic effects
of having Intel. At the moment, it is clear that Costa Rica’s
high-tech sector is composed not only of Intel, but also
includes a variety of domestic firms that are providing
inputs to Intel, plus other foreign firms that have expansion
plans in the country partly as a result of the signal sent to
foreign investors by Intel’s decision. This experience will be
examined more closely in Chapter 4 (see also Rodríguez-
Clare 2001).

Quality data for the Dominican Republic were not
available for every year. However, the scattered evidence
shown in Figure 2.19 seems to indicate that this country
also experienced a process of export diversification since the
early 1980s. Finally, Ecuador clearly has the highest level of

export revenue concentration, except for Costa Rica in 1999.
This is to be expected from a small economy that is highly
dependent on oil exports. But it also experienced a process
of diversification or falling export concentration. In sum,
the region as a whole and most individual countries expe-
rienced an increase in export diversification after trade lib-
eralization.7 The discussion in the following section sug-
gests that these trends are good news for the future
development of the region. 

Regarding the share of IIT, Figure 2.20 shows that
LAC’s IIT rose between 1980 and 1998, but it is still
behind other regions. Nevertheless, the regional upward
trend of IIT also appears in the individual LAC countries
examined in this report (Figure 2.21). Overall, the upward
trends in export diversification and IIT in LAC countries
coincided with the implementation of trade liberalization
throughout the region. Whether these trends represent
good news for the region is an empirical issue addressed in
the following section.

Export Diversification, IIT, and Growth
Why should the concentration of export revenues hamper
economic growth? There are various plausible channels
through which the concentration of export revenues in a
handful of commodities can affect growth performance.
First, the concentration of exports could be associated with
macroeconomic volatility. This might happen because coun-
tries that rely on a few commodity exports can face more
severe and sudden variations in their terms of trade. In turn,
economic uncertainty can hamper domestic investment
(Pyndick 1988; Servén 1998; Lederman and others 2001a)
and stifle other business decisions such as whether to sell
goods abroad or for the home market, thus negatively affect-
ing trade (Maloney and Acevedo 1995). Second, export con-
centration can be a symptom, rather than a cause, of poor
economic growth due to low incidences of IIT. As discussed,
IIT is driven by product differentiation and competition
among firms with monopoly power in their respective prod-
uct niches of the international market. An important conse-
quence of IIT is that it is driven by productivity gains, which
could be reflected in greater aggregate growth rates. Finally,
high degrees of export concentration might be related either
to civil conflicts (Collier and Hoeffler 1998) or to other forms
of institutional failures due to the existence of large supplies
of natural riches. This has been coined the “voracity effect”
by Lane and Tornell (1999).8
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So, what do the data say? As a preliminary incursion
into the relationship between export concentration and
economic growth, Figure 2.22 shows clearly that export
concentration is negatively correlated with subsequent
growth. The graph contains the fitted line from a linear
regression. At first sight, the data show that countries with
higher levels of export concentration tend to grow slowly.
However, this evidence is not enough to be convincing

because this simple correlation could be spurious. For
instance, it could be the result of other variables that pro-
duce both low growth and high export concentration. The
simple correlation is also not convincing because Figure
2.22 itself reveals that although the negative correlation is
statistically significant, by itself it explains a very small
portion of the cross-country and over-time variation of
growth rates, thus indicating that there are many other fac-
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FIGURE 2.21

IIT in LAC Countries Since the Early 1980s
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FIGURE 2.20

Grubel-Lloyd Index of IIT by Regions, 1980 and 1998
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tors that affect growth. This issue, unfortunately, cannot be
addressed without more sophisticated statistical analysis. A
discussion on multivariate regression results follows. 

Table 2.9 shows the results of two econometric models,
where the dependent variable is the average real-GDP
growth rate during three-year periods corresponding to
1976 to 1999 (the same data used in Figure 2.22). These
exercises include several explanatory variables suggested by
the existing literature on economic growth (see, for exam-
ple, Barro and Sala-I-Martin 1995). In addition to the stan-
dard controls, we include our indicator of export-revenue
concentration, and the results appear in column (1). The
results suggest that a 1 percent increase in the concentra-
tion of exports is associated with a 0.5 percent decline in
the growth rate of real-GDP per capita. 

The studies by Sachs and Warner (1995a, 1997) find
that the exports of raw materials as a share of GDP are neg-
atively correlated with growth. In additional econometric
estimations (not presented here) we reproduced the esti-
mates by Sachs and Warner. The results suggest that once
we controlled for the degree of export concentration, the
statistical significance of raw materials exports vanished.9 It
is likely, therefore, the Sachs-Warner result operates through
the export concentration channel. 

Still, a policy-relevant question is what are the channels
through which export-revenue concentration affects the pace
of economic growth? This question is addressed empirically

in column (2) of Table 2.9. The regression results correspond
to an exercise similar to the one discussed above, but with
explanatory variables of interest that might represent chan-
nels through which export concentration affects growth.
The results indicate that roughly 50 percent of the previ-
ously estimated impact of export concentration on growth is
due to the volatility of the exchange rate, the incidence of
IIT, and the quality of domestic institutions.10 When the
volatility of the exchange rate, the incidence of IIT, and the
quality of domestic institutions are included in the regres-
sion, the direct effect of export concentration on growth is
reduced to half of the previous estimate. In other words,
about half of such estimated effect is due either to the effects
of export concentration on the volatility of the exchange
rate, the incidence of IIT, and the quality of domestic insti-
tutions, or to exogenous differences in these variables.11

Export Diversification and IIT: Can Anything Be Done?
We have already seen that since 1976 the degree of export
diversification and IIT has been positively correlated with
subsequent economic growth across countries.12 Again, to
inform policy it is important to understand the determi-
nants of these phenomena. We now shed some light on
what can be done by LAC policymakers to raise export
diversification and the share of IIT. 

To understand export diversification in LAC countries
during the 1990s, we conducted additional empirical analy-
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FIGURE 2.22

Export Concentration and Subsequent Growth
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ses in two stages. The first stage entailed the estimation of
statistical models where the index of export concentration
was explained by GDP per capita and its squared term for
LAC countries in the 1990s. The second stage entailed the
same analysis but with data for the 1980s. The results from
these two exercises revealed that the relationship between
development and export concentration was different during
the two periods. This counterfactual analysis clearly shows
that if LAC countries had not liberalized, and thus would
have behaved like they did in the 1980s (after controlling
for their per capita income levels), the degree of concentra-
tion of export revenues would have been higher. Hence the
first clear policy implication concerning export concentra-
tion is that for the vast majority of LAC countries, trade

liberalization was associated with reductions in the concen-
tration of export revenues. This was due primarily to the
reduction of the anti-export bias of protectionist policies.
Regional integration also helped to diversify exports. This
particular hypothesis is examined in detail in Chapter 4
with reference to the case of Argentina’s participation in
Mercosur. Additional econometric exercises indicated that
factors that reduce transaction costs, such as the quality of
domestic institutions, also are negatively correlated with
export concentration.

Since the early 1970s specialists have devoted much
effort to trying to understand the determinants of IIT. On
one hand, studies that use data from industries within
countries have emphasized the role of economies of scale,
product differentiation, and imperfect competition. In this
context, industries produce a variety of similar goods with
similar factor intensities. Cross-country studies, on the
other hand, have focused almost exclusively on bilateral
trade flows among industrialized countries.

For this study, we conducted an empirical analysis using
cross-country annual data covering 1970 to 1997. These
trade data were then used to construct the widely used
Grubel-Lloyd (1975) index of the incidence of IIT, which is
the indicator used in the previous sections of this report.13

Following the existing literature, the analysis focuses on
five types of explanatory variables. First, an important set
of variables concerns the degree of similarity between the
country and its partners. In this case, we use trade with the
world, and consequently the indicators of similarity used
herein are constructed with reference to world characteris-
tics. More specifically, this analysis studies the effect of the
“stocks” of education (total years of schooling of the popu-
lation), capital, and labor in each country on the incidence
of IIT. The log of the country-level stocks are differenced
with respect to the world’s total stocks of these variables,
thus producing an indicator of the similarity of each coun-
try relative to the rest of the world. Second, we study the
impact of the size of the domestic economy (that is, GDP)
on IIT, in order to capture the potential effects of so-called
economies of scale. Third, the analysis considers the poten-
tial effects of the level of development on IIT, because it is
thought that consumers from rich societies tend to prefer
product varieties, more so than consumers in the least-
developed countries. Finally, we consider indicators of the
extent of international transport and transaction costs and
the level of overall international trade (as a share of GDP)
as potential determinants of IIT.
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TABLE 2.9

Does Export-Revenue Concentration Affect Economic Growth?
Econometric Results

ANNUAL ANNUAL

GROWTH GROWTH

RATE RATE

DEPENDENT VARIABLE (1) (2)

Initial GDP per capita –0.343 –0.304
(11.15)a (12.63)a

Education 0.041 0.025
(2.69)a (2.27)b

Government expenditures (% of GDP) –0.001 0.001
(0.24) (0.27)

Investment rate 0.011 0.006
(4.55)a (3.36)a

Population growth –0.031 –0.016
(2.11)b (1.57)

Trade over GDP 0.001 –0.000
(0.70) (0.64)

Export concentration –0.508 –0.254
(2.24)b (1.90)c

Import concentration –1.028
(2.46)b

Real exchange rate volatility –0.251
(3.14)a

IIT index 0.389
(2.27)b

Institutions index 0.004
(0.32)

Constant

Observations 475 475

a. Significant at 1 percent.
b. Significant at 5 percent.
c. Significant at 10 percent.
Note: Econometric methodology: GMM. T-statistics in parentheses. The variables are in
first-differences to get rid of country-specific effects. The instrumental variables are the
lagged levels of the endogenous variables, and the differences of out-of-system instru-
mental variables (that is, those included in the determinants of the export Herfindahl
index but not in the growth equations). The overidentifying restriction tests suggest
that our instruments are largely valid. Results from fixed- and random-effects models
produced results that are consistent with those presented in this table. 



Table 2.10 contains the results of the econometric analy-
sis. The three indicators of similarity are significant deter-
minants of IIT, as are the size of the domestic market and
the level of development. This set of findings indicates that
large and rich economies with high levels of education tend
to have higher IIT indexes. The policy implication is
clearly related to the education variables, which is the most
policy sensitive of the lot. Countries should emphasize
efforts to increase the provision of general education, so
that poor LAC countries can at some point reach the levels
of education of the industrialized countries. In other words,
the pace of education improvement should be faster in the
poor countries than in the rich countries for the poor coun-
tries to increase their IIT.

The rest of the explanatory variables are related to trade
orientation, geographic distance from major markets (Brus-
sels, Tokyo, and Washington), the quality of domestic insti-
tutions, and the existence of currency unions. The trade ori-
entation is meant to capture the theoretical proposition that
more trade (relative to domestic production) leads to higher
IIT, where one of the gains for domestic consumers is the

increase in product variety (Krugman 1979). The other
variables are meant to broadly capture the potential effects
of international transaction and transport costs. The corre-
sponding results show that high ratios of trade to GDP tend
to be associated with higher IIT; geographic distance (which
is related to transport costs) tends to reduce IIT; and cur-
rency unions (which eliminate international transaction
costs related to currency exchanges) tend to increase IIT.14

The index of domestic institutions has the expected effect of
increasing IIT, but it is not statistically significant.

This analysis provides a handful of policy propositions,
and the results are consistent with those found in the liter-
ature (see, for example, Stone and Lee 1995; Clark and
Stanley 1998). Perhaps the most important propositions are
related to trade orientation, education, and international
transport and transaction costs. The policy implications of
the first two are quite clear: trade liberalization will lead to
higher IIT, and we have already mentioned the need for
poor countries to “converge” to the levels of education of
the industrialized world. The latter proposition can take a
long time to come to fruition, but it cannot be overempha-
sized that general education plays an important role in
determining trade patterns, as is mentioned throughout
this report. The policy implications related to transport and
transaction costs are also interesting. Perhaps more impor-
tant, policymakers wishing to raise their country’s level of
IIT should consider improving the institutions related to
customs administration and the infrastructure related to in-
ternational commerce (ports, railways, roads), which play
an important role in reducing the effects of geographic dis-
tance from the major export markets of the world.

The following section conducts further policy analysis
about the relationship between sectoral comparative advan-
tage and export concentration and IIT. The objective is to
assess the potential of reducing export concentration, rais-
ing the incidence of IIT by focusing on sector-specific poli-
cies, or both.

Export Concentration, IIT, and Comparative
Advantage: Can Sectoral Policies Help Reduce
Concentration and Raise IIT? 
Another policy-oriented analysis is to examine the correla-
tion between comparative advantage in the 10 sectors dis-
cussed in this chapter and the indexes of export diversifica-
tion and IIT, both of which are correlated with economic
growth. Many LAC analysts and policymakers believe that
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TABLE 2.10

What Can Be Done to Raise IIT? Econometric Results

EXPLANATORY VARIABLES (1) (2) (3)

FACTOR ENDOWMENT
SIMILARITY
Capital 0.027a 0.031a 0.034a

Labor 0.020a 0.023a 0.024a

Education 0.002a 0.001a 0.003a

SCALE ECONOMIES
GDP 0.047a 0.048a 0.049a

CONSUMER PREFERENCES
GDP per capita 0.058a 0.054a 0.055a

TRADE IMBALANCE 0.130

TRADE ORIENTATION
(X+M)/GDP 0.018b 0.017a 0.019a

TRANSPORT AND
TRANSACTION COSTS
Geographic Distance –0.014a –0.012a –0.013a

Institutions 0.032 0.025
Currency Union 0.002b 0.001a 0.001a

NO. OF OBSERVATIONS 1,873 1,873 1,873

a. Significant at 5 percent level.
b. Significant at 10 percent level.
Note: Methodology: Tobit regressions with panel data. Dependent variable is the
Grubel-Lloyd index. Regional and time dummies were included, as was a constant.



countries that export manufactured products automatically
have higher diversification and IIT. If we find that certain
patterns of comparative advantage are associated with
higher levels of export diversification and IIT, then the pol-
icy recommendations discussed will also apply to the issues
of export diversification and IIT.

Figures 2.23a, 2.23b, and 2.23c provide this analytical
perspective. They show the differences among averages of
country characteristics, and tell us whether countries with

a comparative advantage in a particular sector will tend to
have higher (positive difference) or lower (negative differ-
ence) levels of export concentration and IIT than countries
without a comparative advantage in the specified sectors.
Figure 2.23a contains the estimates of the differences of 
the averages for countries with a comparative advantage in
petroleum and raw materials. Net exporters of these prod-
ucts tend to have higher indexes of export concentration
and lower indexes of IIT than other countries.
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FIGURE 2.23a
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FIGURE 2.23b
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Figure 2.23b shows the estimates for countries with a
comparative advantage in chemicals, machines, and ani-
mals. These groups share the characteristic that their bars
for export concentration and IIT point in the same direc-
tion: Countries with a comparative advantage in chemicals
and machines have higher export concentration than other
countries, but they also have higher IIT indexes. Net
exporters of animals have the opposite characteristics—
lower export concentration, but also lower IIT.

Finally, Figure 2.23c contains the calculations for capi-
tal-intensive and labor-intensive manufactures, and for
cereals and agriculture and forestry products. Countries
with a comparative advantage in these products share the
characteristic that their averages of export concentration
and IIT point in different directions. Those that are net
exporters of capital- and labor-intensive manufactures tend
to have both low export concentration and high IIT, while
the reverse is true for the agricultural exporters.

Overall, the evidence presented in Figures 2.23a, 2.23b,
and 2.23c indicates that comparative advantage in some
sectors is associated simultaneously with high export con-
centration and high IIT (machines and chemicals), while
others are associated with low export concentration and low
IIT (capital- and labor-intensive manufactures). Moreover,
some agricultural sectors behave similarly to some manu-
facturing sectors.

Should a country implement policies to develop a com-
parative advantage in capital- or labor-intensive manufac-

tures, both of which seem to have the desirable qualities of
low export concentration and high IIT? The answer must be
a cautious one: yes, unless the particular policies have other
undesired distortionary effects. For instance, a public pro-
gram designed to improve the infrastructure and regulatory
framework to aid the adoption of new information and com-
munications technology will help develop a comparative
advantage in labor-intensive manufactures. The goal of this
type of program should be to increase the adoption of new
information and communications technology for the econ-
omy as a whole, including reviewing the regulatory frame-
work for communication and helping to develop the neces-
sary infrastructure (see Mann 2001). These policies, in turn,
are likely to enhance the competitiveness of labor-intensive
industries that belong to a broader manufacturing process
that has been fragmented across borders. This impact is
likely to be stronger for this type of industry than for oth-
ers, but this does not mean that the rest of the economy will
not benefit from these policies. On the contrary, there are
likely to be beneficial economywide effects.

Summary of Findings about Comparative
Advantage, Diversification, and IIT
The analyses in this chapter provide several conclusions
that might be useful for policymakers and analysts.

On average, the LAC region has maintained a compara-
tive advantage in petroleum, raw materials, tropical agri-
culture (including fruits and vegetables), and animal prod-

46

F R O M  N A T U R A L  R E S O U R C E S  T O  T H E  K N O W L E D G E  E C O N O M Y:  T R A D E  A N D  J O B  Q U A L I T Y

FIGURE 2.23c
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ucts. While there has been a lack of structural change, this
has nonetheless been accompanied by productivity and wel-
fare gains for consumers due to trade reforms. Perhaps more
interesting, the regional average masks important differ-
ences across countries. Some countries, especially Costa Rica
and Mexico, have moved into the fast-growing global mar-
ket in machines, while Brazil has maintained a diversified
structure of net exports by exporting agricultural com-
modities and several types of manufactures.

New trade theory indicates that anything is possible in
the world economy of the 21st century. The evidence shows
that “new” endowments, such as knowledge, ICT, quality
domestic institutions, and domestic infrastructure, plus
volatility, explain a large share of the trade patterns ob-
served around the globe. Hence natural resources are not
destiny.

LAC countries experienced a significant diversification
of merchandise export revenues in the 1990s, and a rise in
the share of IIT. Both were partly due to trade reforms.
These trends are encouraging because the statistical evi-
dence shows that export diversification and IIT are posi-
tively correlated with subsequent economic growth. The
region’s dependence on natural resources has clearly not
prevented these trends, thus indicating that natural re-
sources are not necessarily a curse for future development.

Chapter 3 further explores this last point by reviewing
the evidence concerning how natural resources can be used
to promote fast productivity growth. Certain industrialized
countries developed successfully by tapping the potential
for productivity growth offered by their abundant natural
resources. Some of the world’s fastest-growing economies 
in the long run had rich endowments of natural resources,
but they accumulated knowledge while maintaining an out-
ward orientation. Chapter 4 looks at the specific experiences 
of LAC countries, showing in detail how trade reforms,
regional integration, the promotion of FDI, and the use of
modern endowments have improved the economic perfor-
mance of both the emerging natural resource and manufac-
turing sectors. 

Notes
1. This subsection is based on Bond (2001).
2. Ana María Menéndez (World Bank) wrote an initial draft of

this section.

3. A caveat regarding the data for Internet hosts is that all hosts
without a country code are assumed to be located in the United
States, inflating the figure for that country and reducing it for all the
other countries.

4. The U.S. Patent Office files the nationality of the first inventor
in the patent application.

5. This is especially true when IIT is driven by horizontal rather
than vertical IIT (Thom and McDowell 1999). Horizontal IIT is
trade in products coming from the same stage in the production
process, whereas vertical IIT is trade among products, some of which
can be inputs in the production of the other products. For example,
trade in automobiles is horizontal, while trade in automobiles and
auto parts is vertical.

6. The Herfendahl index is defined as , where i

stands for a particular product and n is the total number of products.
When a single export product produces all the revenues, H = 1; when
export revenues are evenly distributed over a large number of prod-
ucts, H approaches 0.

7. Econometric exercises not presented in this report also showed
that export diversification was higher in the 1990s in LAC, after con-
trolling for the level of development.

8. Sachs and Warner (1995a, 1997, 1999) argue that dependency
on exports of natural resources and agriculture hurt economic growth
through its negative Dutch Disease effect on manufacturing industries,
which they argue theoretically can have unexploited economies of
scale. Hence when manufacturing falls, aggregate productivity growth
falls as well. This is an argument distinct from the ones being discussed
here about export-revenue concentration on any type of commodity.

9. In fact, when using the Generalized Method of Moments
(GMM) estimates with instrumental variables, the Sachs-Warner
variables sometimes have a positive and significant sign.

10. The incidence of IIT is the Grubel-Lloyd index, which is a
measure of the share of imports and exports of identical products (at
the four-digit level of the SITC, Revision 2) with the world.

11. The concentration of imports appears with a significant sign
in Table 2.9. However, this variable was not significant on its own,
and was not robust to the choice of econometric technique. Thus we
downplay its potential role.

12. Claudia Sepúlveda (World Bank) conducted the econometric
analysis of IIT.

13. The index is defined as , where i indi-

cates a product category and n is the total number of products. This
index varies between 0 and 1, and it shows the share of total trade
that is conducted among identical products (that is, imports and
exports of the same product category).

14. The data on currency unions come from Glick and Rose
(2001). These authors also provide an empirical analysis of the
impact of currency unions on the magnitude of trade flows.
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