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This paper uses factor endowment
theory to determine Brazil’s com-
parative advantage in world trade.
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and physical capital, and compar-
ing these with the endowments of
other countries, it is possible to an-
ticipate the structural changes in
Brazil’s economy should Brazil be-
come a more open economy. The
results have important implica-
tions for the Brazilian minerals and
minerals processing sectors given
the recent economic liberalization
within the country.
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In many mineral-based developing coun-
tries, and in development economics in
general, the minerals industry is under at-
tack. In the development literature, min-
eral-rich countries are not said to have
development advantages, but develop-
ment problems.! Mining has been sin-
gled out as contributing to the “back-
wardness” of developing countries, both
for alleged monopsonistic purchasing of
labor and its facilitation of discrimination
of backwards peoples.2 Where industri-
alization and faster economic growth are
desired, the mining industry plays the
subservient role of providing the foreign
exchange and tax revenues necessary to
finance and prop up the production of
non-competitive manufactures under
grand industrialization schemes. Should
the anticipated economic growth not be
forthcoming, the “resource curse” is
blamed rather than the industrialization
plan itself. Even those few economists
who rejected industrialization as a
growth plan in the 1950s saw agriculture
rather than mining as the primary sector
activity that could have a leading role in
economic growth.3

This paper does not seek to redress
these issues. It is enough to simply ac-
knowledge the extraordinary and ongo-
ing development success of the mineral-
based economies of the world.# Instead, I
focus on Brazil, analyzing the future of
minerals in Brazil’s economic develop-
ment. In Brazil we have a mineral pro-
ducer of undeniable importance, yet so
intent on industrialization in the past that
its industrial policies have been labeled
“Pharaonic” and “megalomaniacal” by
Brazil’s domestic press.d Indeed, its in-
dustrialization has been so intense that it
is the only Latin American economy to
be nominated to the ranks of newly in-
dustrialized country (NIC) by most trade
economists.

It has wisely been noted that develop-
ing economies need to do more than sim-
ply replicate developed country industri-
al structure if they desire industrial coun-
try economic performance.® And, in

keeping with this, Brazil’s per capita eco-
nomic performance in purchase power
parity (PPP) terms lags five of the other
Latin American countries despite Bra-
zil’s more industrialized economy.” The
inequality of income distribution in Bra-
zil is comparable to that of South Africa,
and 43 per cent of Brazil’s population is
classified as living in poverty, this statis-
tic worsening yearly.8 Perhaps it is for
this reason that Brazil has since 1990
been flirting with freer markets and the
attendant “de-industrialization” that this
might invoke.

The January 1, 1995 signing of the
Mercosul customs union between Brazil,
Paraguay, Uruguay, and Argentina al-
lows 90 per cent of the trade between
these four nations to be free of tariffs.
Furthermore, the Brazilian government is
no doubt keenly watching Chile’s negoti-
ations with the three North American
Free Trade Agreement (NAFTA) signa-
tories. As Latin America moves towards
more market-oriented economic policies,
with Brazil belatedly following suit, in
what direction will Brazil’s economy
move? More importantly, what role will
minerals play in Brazil’s future develop-
ment? To answer these questions, this
paper explores Brazil’s endowment-re-
lated comparative advantage in the glo-
bal economy, with a focus on its mineral
endowments under a Heckscher-Ohlin
framework. I begin by reviewing the
Heckscher-Ohlin paradigm of compara-
tive advantage.

The Heckscher-Ohlin theory

of comparative advantage

Despite economists’ reputation for disa-
greement, we do generally agree that
goods trade internationally based on rela-
tive differences in cost of production.
Unfortunately, this agreement ends when
it comes to specifying the origin of these
cost differences. In the most celebrated
trade theory to date, Swedish economists
Eli Heckscher and Bertil Ohlin proposed
that it is differences in endowments of
inputs to production that explains cost
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differences and hence the pattern of in-
ternational trade. This was later to be
named the Heckscher-Ohlin theory of
comparative advantage in trade, a theory
that I believe is especially applicable
when explaining the trade patterns of re-
source-based nations. Ohlin even gives
a mineral example in explicating his
theory:

One region may have plenty of iron
and coal but little land for wheat grow-
ing, while another has plenty of wheat-
land but a scanty supply of mineral re-
sources; clearly the former is better
adapted to iron production and less well
adapted to wheat-growing than the latter.
It is the proportion of factors in a region
that determines its fitness for specific in-
dustries.?

Ohlin did not explicitly state how
much of an endowment advantage is
“plenty” in a multi-factor, multi-country
setting. A plentiful endowment has since
been defined as a country having a larger
share of the world endowment of a factor
input than the country’s share of world
consumption.!0 For Brazil, this means
that, given Brazil’s share of world GDP
of 1.4 per cent!!, any factor endowment
share in excess of 1.4 per cent indicates a
relative endowment advantage and an ex-
pected comparative advantage in the pro-
duction and export of goods intensive in
that factor input.

The Heckscher-Ohlin theory of trade
is incontrovertible both in theory and un-
der empirical scrutiny; differing factor
endowment levels tend to be the main
driving force behind specialization in
production and international trade across
nations. Certain other factors — wages,
productivity, taxes and subsidies, level of
infrastructure, and macroeconomic poli-
cy — can obviously influence a country’s
competitive advantage over its interna-
tional competitors. Ohlin recognized
this, and, for example, suggested that
fraudulent and inefficient government in-
_ creases the costs of business compared
with agriculture, affecting the implica-
tions- of traditional factor endowment
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analysis.!2 Yet, all in all, empirical stud-
ies have shown that factor endowments
are the dominant aspect in explaining in-
ternational trade patterns. This is espe-
cially so for production and trade in pri-
mary resources. The only item that has
been found to diminish and even negate a
country’s comparative advantage in pri-
mary resource production is extreme do-
mestic policy, where, for example, un-
reasonable taxes or threats of appropria-
tion can discourage domestic and inter-
national investors from investing in the
sector. Even so, the state, realizing the
nation’s potential in resource production,
has often stepped into the void left by the
market. Production and trade, it seems, 18
forthcoming to at least some degree
wherever the requisite quality resource
endowments exist.!3

Other theories of trade have been de-
veloped to explain trade between devel-
oped nations with similar factor endow-
ments, and economies of scale has been
used to explain the concentration of man-
ufacturing in certain countries that would
seem to have no endowment-related rea-
son for attracting these production facili-
ties. For example, Brazil’s large domes-
tic markets may facilitate economic pro-
duction of scale economy manufactures,
where the latter can be identified. In rec-
ognition of these special cases, the Heck-
scher-Ohlin theory of trade does not
claim to apply to all goods, but only to
those for which factor input costs are the
main determinant of final cost. This en-
compasses all raw primary products,
most processed primary products, and
certain manufactures. Davis provides a
list of these “Heckscher-Ohlin” goods.14

Brazil’s factor endowments

As noted above, Brazil will have a com-
parative advantage in the production of
any Heckscher-Ohlin good that is inten-
sive in factor inputs that are relatively
abundant in Brazil. From above, relative
abundance is defined as occurring when
Brazil’s endowment of the factor input is
greater than 1.4 per cent of the world en-
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dowment. The typical factor inputs as-
sessed are land, labor, and capital. My
analysis will add mineral resources, a
factor input to mineral and metal produc-
tion, as a separate type of land.

Land

An abundance of land suitable for agri-
cultural activities leads to a global com-
parative advantage in the production and
export of agricultural goods. Brazil con-
tains 5.5 per cent of the world’s perma-
nent pasture, 4.2 per cent of the world’s
cropland, and 12.6 per cent of the world’s
forest and woodland, indicating a strong
comparative advantage in agriculture. It
is an extreme outlier in the broad land
category “tropical land,” with 804 mil-
lion hectares, or 95 per cent of its land
mass, so classified. The next most en-
dowed country in tropical land is Indone-
sia, with 167 million hectares, or 88 per
cent of its land mass, so classified.!> Bra-
zil’s vast river potential is an enabling
factor for the production of goods that
have a high bulk to value ratio, and for
which land and air transport are not eco-
nomically viable. This reinforces Bra-
zil’s comparative advantage in the pro-
duction of agricultural goods.

The extensive river network also re-
sults in Brazil having a large and poten-
tially low-cost hydro-electric energy en-
dowment. It is estimated that by the year
2000 Brazil will have an installed hydro-
electric generating capacity of over
100 000 MW16, equivalent to about 10
per cent of anticipated installed capacity
worldwide. Here we have an energy en-
dowment that, given proper manage-
ment, facilitates the competitive produc-
tion of energy-intensive goods. -

Mineral resources

Countries with large mineral reserves are
more likely to be endowed with large
quantities of quality ore than- countries
with small reserves. Since high quality
ore usually confers low extraction costs,
large endowments generally facilitate
low cost mineral production. Hence, as a



rule, countries with large mineral endow-
ments will enjoy a cost advantage in min-
eral production over those with less sig-
nificant endowments. They will thus
have a larger market share, measured as
the percentage of world production. Ac-
cording to the Heckscher-Ohlin theory of
trade, where a country’s endowment
share is larger than the country’s share of
world consumption, and given that it has
an adequately developed infrastructure
and transportation network, it will also be
a significant exporter of that mineral.

That this is so has been empirically veri-
fied for South Africa.!”

Brazil has previously been found to be
well endowed with minerals, ranking
14th out of 58 countries in relative miner-
al endowment in 1975 and exhibiting a
corresponding comparative advantage in
mineral production and exports at that
time.!8 Table 1 below lists Brazil’s cur-
rent reserve share, production share, and
export share for its 22 most important
minerals. Brazil’s reserve share is greater
than its world consumption share of 1.4

Table 1. Reserve share, production share and export share. Brazil, 1992

Share World
of world rank
reserve
base!

per cent
Columbium (Niobium) 86 1
Rutile 51 1
Tin 25 1
Bauxite 10 3
Iron ore (Fe content) 10 3
Nickel (unwrought) 4 8
Potash 4 6
Tantalum 4 7
Asbestos 2 5
Gold 2 7
Magnesium 1.9 5
Zirconium minerals 1.9 6
Manganese ore 1 5
Tungsten 0.6 112
Barite 04 11
Ilmenite 0.4 12
Graphite (natural) 0.3 na
Rare Earth Compounds 0.3 na
Yttrium 0.3 8
Chromium 0.2 7
Beryllium na na
Kaolin na na

Share World Share World
of world rank of world rank
production exports
per cent per cent

79 1 na na

0.5 7 na na

16 3 11 5

10 4 14 3

16 3 30 1

3 10 1 10

0.4 12 na na

22 2 11 8

6 4 7 4

4 7 na na

3 9 3 6

3 6 0.2 na

10 4 14 3

1 na 1 na

1 11 0 na

2.3 10 na na

5 7 3 8

2 6 1 9

3 5 na na

2 7 3 8

8 4 na na

4 5 4 4

Sources: British Geological Survey (1994), UNCTAD (1994), U.S. Bureau of Mines (1993).
Notes: na = not available. 1. Reserve base as defined by the U.S. Bureau of Mines (1993).
2. Reserves, on a value basis (World Resources Institute 1994).

per-cent in 12 of these minerals, indicat-
ing that, in accordance with this compar-
ative advantage in mineral production, it
should have significant production and
exports in each of these 12 minerals. This
does tend to hold, although while the av-
erage world rank in reserve share of these
12 minerals is 4.3, the average rank in
production is lower at 5.7. The produc-
tion of potash and rutile seems particular-
ly low given Brazil’s healthy reserve
share. The export ranking of these 12
minerals also lags the reserve share
where such rankings are available, indi-
cating something within the economy
that discourages the development and ex-
port of these extensive mineral reserves.

Labor
Brazil’s adult population makes up 3.1
per cent of the world population, indicat-
ing that it is a country relatively well-en-
dowed with labor under the Heckscher-
Ohlin framework.19 Previous studies us-
ing data from the mid 1970s have also
found Brazil to have a relatively large
endowment of labor.20 Leamer directly
measured Brazil’s labor endowment and
compared it to the world endowment, as
is done here. In breaking labor down by
skill category, Leamer found that Brazil
had a comparative advantage in goods
that required unskilled labor, although its
relative endowment of skilled labor, or
human capital, was favorable and im-
proving. Balassa and Lucke inferred that
Brazil is endowed with labor by examin-
ing its trade flows, an endowment-dis-
covery technique called revealed com-
parative advantage that is unreliable for
economies with strongly distortionary
trade incentives, as is the case in Brazil.
Currently, skilled labor appears to
make up between 81 per cent and 88 per
cent of the labor force, depending on the
index used.2! This equates to some 3.6
per cent of the world’s endowment of
skilled labor. Brazil’s unskilled labor
equates to only 1.6 per cent of the world
endowment. From this we see that Brazil
now has a stronger comparative advan-
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tage in goods that require skilled labor as
an input than those that require unskilled
labor, although it continues to hold a
comparative advantage in both. Howev-
er, the state of technical skills among the
populace is low.22 With only 7 per cent
of the work force listed as professional or
technical?3, Brazil does not appear to
have a comparative advantage in high-
technology products.

Physical capital

The endowment of physical capital is
typically measured as gross domestic
fixed investment (GDFI) as a percentage
of world GDFI. The GDFI figure is usu-
ally the cumulative investment over the
past 16 years, reflecting the assumption
that capital stock has a 16 year life. For
obvious exchange rate and data collec-
tion reasons the world GDFI figure is dif-
ficult to estimate. The one study that has
attempted such measurement found Bra-
zil to have a relatively poor endowment
of physical capital in 1958, with the dis-
advantage having grown by 1975.%4
Thus, during most of its early industriali-
zation period, Brazil’s plans to produce
and export capital-intensive manufac-
tures were contrary to the nation’s global
comparative disadvantage in the produc-
tion of such goods.

As of 1993, Brazil’s GDFI was equiv-
alent to about 5 000 USDper capita®>, in-
sufficient by world standards to confer a
comparative advantage in the production
of goods that are intensive in physical
capital.

Brazil’s production

and trade patterns

The above analysis indicates that Brazil’s
endowment-related comparative advan-
tage lies in the production and export of
primary resource products and in labor-
intensive manufactures such as textiles
and leather. It has a comparative disad-
vantage in capital-intensive manufac-
tures such as machinery, automobiles,
and chemicals due to a poor overall en-
dowment of physical capital. This means
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that in the absence of domestic price dis-
tortions Brazil’s economy will be able to
competitively produce and export prima-
ry products and labor-intensive goods,
while importing its capital equipment
needs.

But Brazil has had one of the most
distorted factor price structures in Latin
America, a consequence of its extensive
industrialization planning.26 Prior to
1930 the economy was largely agrarian,
with agriculture being responsible for 40
per cent of GDP.27 Since then the state
has, under a number of governments, at-
tempted to industrialize and diversify its
production away from a traditional agro-
export base. The resultant domestic price
distortions have been noted to have de-
pressed agriculture’s terms of trade by an
average of 8.3 per cent between 1960 and
1984.28

Despite this, agricultural production
and exports in general follows the direc-
tion expected from our comparative ad-
vantage analysis, although perhaps not to
the degree expected. The strong compar-
ative advantage in agriculture, as indicat-
ed by large endowments of agricultural
land and rivers, resulted in Brazil’s ex-
port trade being heavily dominated by
tropical agricultural products prior to the
1980s, with agriculture making up 75 per
cent of merchandise export value in
1970.29 Agricultural products still ac-
count for 11 per cent of GDP and 24 per
cent of merchandise exports, and Brazil
is self-sufficient in food except for
wheat.30 Brazil continues to be the
world’s largest producer and exporter of
coffee and orange juice concentrate, and
is the second largest exporter of soy-
beans.

There is little doubt that agricultural
production and exports would flourish
even more should Brazil reduce its unfa-
vorable distortion of agricultural prices
and provide supporting infrastructure.
For example, on the 500 million acre cer-
rado, a particularly fertile savannah that
covers 11 Brazilian states, farmers are
tilling only one fifth of the arable land. A
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rail link to the port of Santos would in-
crease production from this region sub-
stantially.3!

Brazil’s mineral production and ex-
ports have not been as substantial despite
an equally impressive endowment. Brazil
has never been categorized as a mineral-
based economy, in contrast to many of
the other Latin American countries. With
only 16 per cent of its merchandise ex-
ports as minerals and fuels, and with
minerals contributing only 1.4 per cent to
GDP, Brazil was, as of 1991, ranked 43rd
in the world in terms of mineral depend-
ence, falling from 37th in 1970.32 That
production and exports of minerals is not
higher in world terms is probably due to
the negative distortionary impacts that
the industrialization program has had on
incentives for investment in the minerals
industry. The obvious exceptions are iron
ore and bauxite, where massive state in-
volvement initiated the production and
processing of these minerals to their met-
al derivatives, utilizing the large hydro-
electric endowment referred to above.
When this and other mineral beneficia-
tion is taken into account, all mineral and
beneficiation activity is estimated by
some sources to account for an impres-
sive 25 per cent of GDP.33 The compara-
ble number for the United States, for in-
stance, is 5 per cent of GDP.34 Metals
and minerals taken together appear to
make up about 36 per cent of Brazil’s ex-
port trade3>, a reasonable but not extraor-
dinary figure.

Manufactures, classified as SITC cate-
gories 5 through 9, make up 58 per cent
of Brazil’s exports.36 The production and
export of textiles, clothing, footwear, and
leather, all labor-intensive manufactures,
has generally been at the level expected
given Brazil’s labor endowment.37 Con-
sistent with the idea that Brazil can effec-
tively compete in these areas without
government support, private firms domi-
nate these “traditional” sectors.3® Even
so, inefficient use of the abundant fac-
tors, which the Heckscher-Ohlin theory
equates to a diminishing of an endow-



ment, has made certain of the traditional
sectors internationally uncompetitive.
Brazil’s 4,000 firm shoe industry, for in-
stance, is burdened with outdated admin-
istration and technology. Imports of
shoes have climbed from 35 MUSD in
1993 to 258 MUSD in 1994. This, cou-
pled with decreased exports, has put 42
000 Brazilians out of work.39 As for
high-technology or capital-intensive
goods, Brazil’s favorable endowment of
human capital is offset by its poor en-
dowment of physical and technological
capital, meaning that it in theory does not
have a comparative advantage in these
products.

Leamer found Brazil’s trade patterns
to agree with these endowment levels in
1958 and 1975, and Braga verified that
Brazil had no comparative advantage in
capital-intensive steel production as of
the 1970s.40 The country’s celebrated
early industrialization and transforma-
tion into a heavy industry and high-tech-
nology manufacturing economy was
therefore largely a result of the govern-
ment industrialization plan, relying on
protected domestic markets to absorb
output. State investment was admittedly
needed to initiate the steel, aeronautics,
and petrochemicals industries due to lack
of interest of private investors.

Brazilian exports of sophisticated cap-
ital-intensive products are nevertheless
currently seen by some analysts as com-
petitive or at least potentially competitive
due to the economies of scale that Bra-
zil’s large domestic market provides?!
and a nascent “technological dynamics”
within the country.4? Aside from the pro-
duction of steel and aluminum using Bra-
zil’s large endowments of mineral re-
serves and hydro-electric power, which
tend to offset its poor physical capital en-
dowment, these claims of competitive-
ness are difficult to support. The relative
lack of physical capital raises the cost of
capital, making competitive production
of capital-intensive manufactures diffi-
cult. In addition, certain Brazilian manu-
factures that are allegedly competitive

for economy of scale reasons have until
recently relied almost solely on captive
domestic markets for sales. In these cases
external markets are not penetrable for
quality or other reasons, and domestic re-
cession is therefore devastating. For ex-
ample, Fleury notes that the contraction
of the domestic market for machine tools
in 1989 created havoc in the industry.43
This “strategic” product was not interna-
tionally competitive on quality and deliv-
ery bases, even if an economy of scale
manufacture, and producers therefore
could not switch to foreign sales to offset
the domestic losses. Other researchers
have noted that under the less protective
economic environment of the 1990s the
only way for many capital-intensive
manufacturers in Brazil to meet interna-
tional quality standards and confront in-
ternational competition in both domestic
and foreign markets is to raise price to
foreign buyers, threatening previously
established market share.*4 This brings
into question whether it is possible to
achieve an international competitive ad-
vantage in manufacturing based on econ-
omies of scale where an abundance of the
other factor inputs is absent.

The role of minerals
in Brazil’s future
There are still resource dependency wor-
ries in Brazil, and concern that Brazil
does not yet have the “correct” position
within the international division of la-
bor.45 But history has shown that a com-
parative advantage in resources derived
from extensive mineral and agricultural
endowments is, for better or for worse,
virtually impossible to shed. An interest-
ing case is South Africa, which, despite
70 years of at times radical development
policy aimed at moving its production
and exports away from minerals, was just
as firmly entrenched in mineral produc-
tion and export in 1993 as it was in
1970.46 Other mineral-based economies
find themselves in a similar situation.
This leads me to believe that Brazil is
well positioned to be a world class pro-

ducer and exporter of mineral and agri-
cultural products in spite of its industrial-
ization drive. The above reserve shares
for Brazil are undoubtedly conservative,
as constitutional prohibitions on foreign
ownership have led to lagging cumula-
tive exploration of the country. In the
past, Brazil was hailed as one of only a
dozen of countries that produced the
majority of the world’s non-fuel miner-
als.4’7 Any movement by the state to-
wards less distortionary markets and
more friendly foreign investment laws
will reduce the implicit protection to Bra-
zil’s domestic manufacturing industries,
and diminish the incentives that in the
past have directed private capital and la-
bor away from the country’s natural re-
sources. At the same time, any new ex-
ploration that constitutional reforms in-
duce will expand the country’s reserve
base. With the extensiveness of the re-
source endowments revealed in the
above discussion of land and mineral
endowments, economic liberalization
is likely to increase and re-establish
Brazil’s role as a major producer and
exporter of primary resources and
mildly processed resource products, be
this to the desire or chagrin of state
planners.

Given the reform platforms of recent
administrations, we may already be see-
ing indications of this “de-industrializa-
tion” of Brazil. Excluding imports of gas
and petroleum, the minerals trade surplus
was 1 200 MUSD in 1993 against total
mineral production of 6 400 MUSD.48
This is a healthy trade surplus given do-
mestic growth of 4.5 per cent and indus-
trial sector growth of 8.1 per cent. There
is news of a 1 500 MUSD investment in
the Salobo copper mine by Companhia
Vale do Rio Doce (CVRD) and Anglo
American.4® In addition to this, invest-
ments in potash production are expected
to triple Brazil’s potash output by
1996.50 In terms of exploration, CVRD is
encouraging foreign mining companies
to prospect on its rich land holdings. Fi-
nally, infrastructure developments in the
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Carajas region are expected to make this
area one of the largest and most impor-
tant mining developments in the world.5!

Conclusions

Brazil is a regionally dualistic economy.
In the south, Rio Grande do Sul’s eco-
nomic performance has been compared
to Portugal and South Korea. In the
north, Paraiba’s level of development has
been compared to that of Kenya.52 With
most of Brazil’s new mineral finds in the
northern region, and with the protection
of the industrialization drive having re-
duced Brazil’s economic output potential
by at least 9.5 per cent of GNP in the
1960553, a rediscovery of Brazil’s com-
parative advantage in mineral and agri-
cultural production is a step forward in
economic development for even Brazil’s
most backward regions. The recently
concluded Uruguay round of multilateral
trade talks has industrial nations cutting
barriers on mineral and metal imports by
up to 70 per cent, while tariffs on agricul-
tural imports are to be reduced by 36 per
cent over 6 years.54 The only remaining
barrier to Brazil’s development as a pri-
mary resource producer are market dis-
tortions within its own economy and a
reluctance by policy-makers to accept
this outcome of “Western” trade theory>>
as welfare-enhancing.

Taking further note of Brazil’s dual-
ism, it is likely that the consideration of
Brazil as two or even three separate re-
gions would be a more reasonable study
than that of a unified Brazil undertaken
here. In this new case, were endowment
data available on a regional basis, we
might find that the south does have a
comparative advantage in manufactures,
while the north has a comparative advan-
tage in minerals and the interior an ad-
vantage in agriculture. Even so, this
would only highlight the lackluster per-
formance of the north as a mineral pro-
ducer and exporter. Freer Brazilian mar-
kets will expose Brazil to a spectrum of
world prices that will irrevocably steer
investment and resources into the pro-
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duction and export of minerals, be this
desirable or not.

Notes

A version of this paper was presented at the
First International Symposium on Mining
and Development, Universidade Estadual de
Campinas, Campinas, Brazil, July 10-13,
1995. The author would like to thank Tom
Duggan and Saul Suslick for assistance with
data collection, and Augusto Ferreira Men-
donca for helpful discussions on the Brazilian
economy. The author notes that the impres-
sions presented are his own.
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