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The trade pattern for refined tin, blister copper, bauxite, or any
other mineral commodity can be described by a matrix, such as that
shown below. Its elements, T';;, indicate the quantity of the commodity
shipped from country i to countryj during the period under considera-
tion. Total exports of the ith country (T¥) can be calculated from this
matrix simply by summing the ith row (2%, T};), and the total imports

» of the jth country (T¥) by summing the jth column (X.,T;;). Total
world trade in the commodity (T') is the sum of all elements (2., 3%,
T).
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This paper is based on research that the Department of Mineral Economics at The
Pennsylvania State University is conducting on metal trade patterns under a grant from
Resources for the Future, Inc. The authors are a graduate student and professor of
mineral economics, respectively. They are grateful to Andre L. Dorr, Barry A. Hillman,
and Simon D. Strauss for the information they provided on tin and zinc trade, and to
Christopher Rogers for his comments on an earlier version of this study. The research on
tin and zinc trade patterns described in subsequent sections was conducted by Demler.
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86 Modeling Latin America’s Commodity Markets

The trade patterns described by the above matrix are important. A
country’s choice of trading partners may facilitate or impede its access
to markets if the country is an exporter or to available raw material
supplies if it is an importer. Despite this fact, traditional trade litera-
ture has paid little attention to trade patterns. Classical, neoclassical,
factor endowment, and the more recent theories of trade that take into
account the creation and the diffusion of new technology as well as
other dynamic variables all concentrate on explaining comparative
advantage, that is, why countries are net importers or exporters of
- various commodities. The question of trade patterns is often bypassed
by assuming that the world is composed of only two countries or two
regions. Where this is not true, transportation costs and other factors
shaping the flow of trade are generally ignored in order to simplify the
analysis.

Outside the mainstream of the international trade literature, loca-
tion theorists have for many years emphasized the importance of
transportation costs and stressed the influence that such costs have on
both trade patterns and the overall level of exports and imports. Their
studies, however, have usually ignored the influence that political
blocs, international ownership ties, product differentiation, and other
factors besides transportation costs have on trade patterns. Just why
this is so is far from clear, for even a cursory look at the structure of
trade for many commodities suggests that such factors are important.

Location studies such as the more traditional trade literature gen-
erally presume that trade flows are flexible and thus can be easily
altered to accommodate new sources of supply, new sources of demand,
changes in transportation costs, and shifts in comparative advantage
in production. But if other factors, such as political blocs and owner-
ship ties are important, this may not be a valid assumption.

This chapter describes research conducted over the last several
years on trade patterns in a number of mineral industries. The next
section examines a simple econometric model that has been used to
identify the major factors shaping trade flows and to assess the relative
importance of these factors. The third section summarizes the principal
findings of previous studies that have applied this model to analyze
trade patterns in aluminum, bauxite, copper, iron ore, and nickel. The
fourth and fifth sections report on the latest application of the model to
explain world trade in tin and zinc. The sixth and final section exam-
ines the implications of the findings for the resource and trade policies
of mineral producing and exporting countries in Latin America and
elsewhere.
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THE MODEL

In the early 1960s, Tinbergen (1962: appendix VI) and Linnemann
(1966) working in the Netherlands and Poyhonen (1963) and Pul-
liainen (1963) working in Finland developed a model, now known as
the structure of trade model, to analyze aggregate trade flows between
countries. Their -efforts involved the compilation of trade matrices,
similar to that described earlier, that encompassed total trade between
countries rather than only trade in a single commodity. They then
explained trade flows on the basis of export-supply factors in exporting
countries, import-demand factors in importing countries, and the resis-
tance to trade between exporting and importing countries as deter-
mined by distance and other considerations.

The model used here to analyze trade in mineral commodities is
based on these early efforts to explain aggregate trade flows.! In its
simplest form, it consists of a single relationship whose parameters dre
estimated by classical least squares regression analysis. The de-
pendent variable (T';;) is the quantity of a mineral commodity shipped
between various pairs of importing and exporting countries as re-
flected in the trade matrix for the commodity. This variable is assumed
to be a linear function of: (1) the potential of country i to export the
mineral commodity (XP;), (2) the potential of country j to import the
mineral commodity (MP;), and (3) the resistance to trade between
country i and country j (R;;). In equation form this relationship can be
expressed:

T,-,-=Cl(,+a, XP,+Cl_, MPJ"}‘CI.‘;R,J'FG,-J (5_1)

where the a’s are parameters and e; is the disturbance term.

The potential of country i to export the mineral commodity is pre-
sumed to depend on the country’s capacity to produce the commodity
(P;) minus some fraction (b,) of its capacity to use the commodity (U,).
That is:

XP,=P,-b, U, where 0 < b, =1 (5-2)

If government regulations, ownership ties, or other factors dictate that
domestic needs for the mineral commodity be satisfied before exports
are permitted, b, is equal to one. At the other extreme, if domestic
consumers have no preferential access to domestic production, the
export potential of a country is equal to its production capacity, and b,
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is equal to zero. If some but not total preference is shown domestic
consumers, b, will be positive but less than one. The value of b, can be
determined on the basis of a priori information or it can be estimated
by the model itself.

Since thejth country imports the mineral commodity, its capacity to
use the commodity (U;) is likely to exceed its capacity to produce the
commodity (P;). In this case, its potential to import can be estimated by
the expression

MP,=U;~b,P; where0<b,<1 (5-3)

The parameter b. should equal one if domestic consumers for one
reason or another buy from foreign producers only after domestic
production is exhausted. Alternatively, if domestic producers must
compete equally with foreign producers for the domestic market, b, is
zero. If some but not total preference is given to domestic producers, b,
will be positive but less than one. Like b,, this parameter can be
determined by a priori information or it can be estimated by the model.

A number of factors may increase or decrease the resistance to trade
between countries. In this regard, the distance between two countries
(Dj;) has already been mentioned. Since transportation costs tend to
rise with distance, this variable should inhibit trade. Alternatively,
membership in the same political bloc (B;;), such as the British Com-
monwealth, the French Community, or the European Economic
Community, would be expected to stimulate trade between the two
countries. Similarly, when multinational éorporations based in the
importing country own production facilities in the exporting coun-
try, ownership ties (O;;) may promote trade.

There is also some evidence that, if two countries are neighbors (N ;)
in the sense of sharing a common border, their trade tends to be larger
than expected even after taking into account the short distance be-
tween them. Among the possible reasons for this is the fact that
businessmen are more likely to be familiar with the language, cus-

“toms, business traditions, and consequently the commercial oppor-
tunities available in neighboring countries than in more distant states.

Another factor that may stimulate trade between two countries is
product differentiation (S;;)). Mineral ores and concentrates, for exam-
ple, may contain difficult impurities or valuable by-products that only
certain smelters can remove. An interesting example is found in copper
concentrate trade. The Philippines, which ships most of its output to
Japan for smelting, has for years sent a significant quantity of concen-
trates to the United States despite high transportation costs. This
unusual trade flow arose and has continued simply because Tacoma,
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Washington, has one of the few smelters in the world that can treat the
high arsenic copper ores found in the Philippines. Similarly, there are
differences in the nature and composition of bauxite ores. Alumina
refineries are designed to handle a particular type of bauxite and can
be modified only at some expense to handle other types of ores.

Finally, in some applications of the trade model long-term contracts
(L;;) covering the sale of the mineral commodity from country i to
country j are considered. Whether long-term contracts should be in-
cluded in the model depends on the nature of the questions being
addressed. If one is primarily interested in determining the extent to
which trade flows are flexible, and thus can be quickly and easily
altered to accommodate new sources of supply or demand, the effects of
long-term contracts ought to be taken into account. Alternatively, if
the primary objective is to identify the fundamental factors shaping
trade and to appraise their relative importance, long-term contracts
should not be included, for they are for the most part merely the result
or consequence of more basic determinants of trade patterns.

The preceding identifies all of the factors that have been explicitly
incorporated into the trade model to date. In new applications, other
variables may be important, and the model can easily be modified to
take account of the effects of these variables as well.

If one includes all of the above variables and assumes that the
influences of these variables are independent and additive, resistance to
trade (R;;) between any two trading partners can be measured.

R,~;=cl D;j+c-_3 B,-J'+C3 O“'+C4 NU (5—4)
+ Cj S,‘j + Cgq LU

Substituting Equations 5-2, 53, and 5-4 into Equation 5-1 gives the
following relationship, which can be estimated.

TU = d" + dl(Pi - bl Ul) + d?(Uj - bz P}) + d:} D[j (5—5)
+ d4 Bij + d;, O,'j + d(; N,'j + d-; Sij + dg L,‘j + €jj

In this equation dummy variables must be used for B;, N;;, and S;;,
which take the value of one when countries : and j belong to the same
political bloc, are neighbors, or have special ties due to product differ-
entiation, and which take the value of zero otherwise.> However, the
effect on trade of these variables is likely to vary depending on the
maximum trade possible (M ;) between the two countries. One would
expect, for example, that common membership in the British Com-
monwealth should stimulate imports into Britain from a large export-
ing country more than from a small exporting country.
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For this reason, it is more appropriate to use slope dummy vari-
ables, rather than level dummy variables, as shown in the following
modification of Equation 5-5

Ti=doy+d(P;—b,U) +dy(U;— b, P)) (5-6)
+d3Du+d4BU Mij+d5 O,‘j"‘dﬁN,‘jMU ‘
+d; Sy Mi; + dg Lj; + e

Here the maximum possible trade (M;;) between country ; and country
J can be estimated by the export potential of country i or the import
potential of country j, whichever is smaller. That is,

MU=XP,', leP,sMP,
= MP;, if XP; = MP;

Equation 5-6 measures only the direct effects of the various inde-
pendent variables on trade flows although these variables may also
have important indirect effects. For example, the incidence of owner-
ship ties between two countries may be influenced by the distance that
separates them. This appears to have been the case in bauxite, at least
in the 1950’s when North American producers built bauxite facilities
in a number of Caribbean and South American countries while the
major European producers invested in mines in Europe and Africa. In
this case, distance in addition to its direct effect on trade also appears
to have influenced trade indirectly through ownership ties.

The basic model given in Equation 5-6 can be modified in two ways
to assess the indirect effects of independent variables. First, in the case
just cited, the equation could be rerun without the ownership tie
variable. The new coefficients obtained for distance and any other
independent variable thought to influence ownership ties could then be
compared with those obtained when the ownership tie variable is
included in the model. Second, the model can be enlarged in a recursive
. magnner. A second equation could be introduced to explain the inci-
dence of ownership ties between country ; and countryj as a function of
the distance between the two countries and other factors. Similarly,
equations could be included in the model to explain other independent
variables, such as the exporting country’s preduction capacity, the
importing country’s capacity to use the mineral product, and long-term
contracts.

The trade model described in this section does have certain limita-
tions that should be noted. In particular, it assumes that the relation-
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ship between trade flows and the various determinants of these flows is
linear. If this is not the case, the model suffers from specification error.
Much of the work noted earlier on aggregate trade flows assumes a
multiplicative rather than linear relationship. In some respects a mul-
tiplicative relationship is appealing, because if either the export poten-
tial of country i or the import potential of country j is zero, trade
between the two countries should be zero as the multiplicative re-
lationship would dictate. However, the latter also requires that trade
between two countries be zero when resistance to trade is zero, which is
not what one would expect. Moreover, when the structure of trade
model is applied to individual commodities, trade flows between some
pairs of importing and exporting countries can be zero, and they usu-
ally are. Since the logarithm of zero is undefined, when this is the case,
the parameters of a multiplicative relationship cannot be estimated by
a linear transformation of this relationship. This complicates the esti-
mation procedure. Thus, in the absence of strong a priori reasons
favoring the multiplicative relationship, the linear relationship was
chosen for practical considerations. In making this decision, however,
the analysis presumes that such a relationship is a close approxima-
tion to the true relationship over the range of variable values consid-
ered.

A second shortcoming is that the model can produce results that are -
internally inconsistent in the sense that the expected trade flows pre-
dicted by the model when summed may exceed the export or import
potential of certain countries. In addition, expected trade flows may in
some cases be negative. Such inconsistencies are particularly discon-
certing if the model is to be used to project individual trade flows. They
are less of a problem when the objective is to appraise the importance
of various factors influencing trade patterns.

It should also be noted that the model is in a sense a reduced form
model. Ideally, in analyzing trade flows one would like a model that
encompasses separate supply and demand models for each country and
then integrates these models by taking into account shipping costs,
political blocs, ownership ties, neighboring country effects, and other .
relevant considerations. The difficulty with this approach, however, is
that it requires accurate information on production costs and prices by
country for the commodity being analyzed. This information is always
difficult and frequently impossible to obtain. In the simpler model used
here this information is not needed for the effects of production costs
and prices on trade patterns are taken into account by the export
potential and import potential variables. As a result, this model is far
easter to apply.
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APPLICATIONS

In recent years, the model described in the previous section, or a
variation of it, has been used to investigate international trade in
aluminum (Dorr, 1975; Tilton and Dorr, 1975), copper (Whitney, 1976),
iron ore (Santos, 1976), and nickel (Hubbard, 1975). These studies
examine trade at fixed time intervals over the postwar period, and with
the exception of the study on iron ore, at various stages of processing.?
A comparison of these findings provides some insights into the impor-
tant factors shaping international trade patterns and how these factors
vary from one mineral commodity to another, by stage of processing,
and over time.

Table 5-1 identifies the independent variables considered by these
studies for various mineral commodities for the years 1955 and 1972. It
also denotes the variables found to be significant determinants of trade
patterns with an ‘S’ and those found to be insignificant with an I’. The
omission of a variable from a model, indicated by a blank in the table,
generally implies that it is irrelevant to the analysis. For example, for
some commodities none of the major importers and exporters are
neighbors or belong to the same political bloc.

All of these studies find that ownership ties, and the multinational
resource companies that are largely responsible for international own-
ership ties, greatly influence trade flows at least at one stage of produc-
tion. However, there has been some decline over time in the impor-
tance of ownership ties for certain mineral commodities, particularly
refined copper. The reasons for this are not hard to identify. First, in
copper and iron ore as well, a number of important facilities have been
nationalized over the last decade. There have also been instances of
nationalization in the aluminum and nickel industries, but such inci-
dents have been fewer and less important. Second, the nature of financ-
ing new mineral ventures has evolved in a way that has loosened the
ties of ownership on trade. In the early postwar period, multinational
resource companies typically owned completely the foreign operations
- they developed and managed. In the 1960s this began to change as
many firms turned increasingly to project financing. Joint ventures
became more prevalent, and debt capital was used more heavily.
Long-term contracts were arranged to assure a market for the output
of new projects, and at times the coilection rights to these contracts
were pledged or sold to raise funds. Third, Japan, a country that has
relied more on long-term contracts and less on ownership ties than the
United States and Western European countries to assure access to raw
material supplies, has become increasingly important in mineral
trade. Despite these developments, however, ownership ties remain a
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potent force shaping the structure of mineral trade. Indeed, in bauxite
and alumina trade this variable is by far the dominant factor affecting
trade flows, and there is little to suggest that its importance is waning
over time.

Multinational resource companies are generally vertically inte-
grated from mining through refining. Many of these companies are
also active in fabrication, but at this stage of production they compete
with many independent and nonintegrated producers. Since the sales
of refined metal to the latter are not likely to be dictated by ownership
ties, one would expect to find the influence of ownership ties on trade of
less importance at the refined stage than at earlier stages of produc-
tion. While this is the case for aluminum and nickel, copper is an
exception. The copper concentrate that enters international trade is
primarily produced by nonintegrated producers and thus is little af-
fected by ownership ties.

The importance of ownership ties also varies with the mineral
commodity. In aluminum and steel, where most of the value added 1n
production comes in processing rather than in mining, the major firms
in the industrialized countries have established subsidiaries abroad to
insure an adequate supply of ore for their domestic processing plants.
Consequently, ownership ties are a particularly important determi-
nant of trade flows in these industries at early stages of processing. In
the two other industries where mining accounts for a much larger
share of the total value added, ownership ties are instrumental in
shaping trade flows for unprocessed nickel and blister copper, but not,
as just noted, for copper concentrates.

Political blocs have also been identified as important determinants
of the structure of mineral trade. Unlike ownership ties, however, they
have little or no influence on trade in ores and concentrate. Instead,
their impact is largely on trade in refined products. The reason for this,
presumably, is the fact that most mineral importing countries impose
few, if any, barriers to trade on ores and concentrates. This is not the
case for refined products.

~ Interestingly, the political blocs found to be important are all based
on former colonial empires, such as the British Commonwealth, the
French Community, and Belgium's ties with Zaire, the former Belgium
Congo. In contrast, no significant increase in mineral trade has been
detected among member states of the European Economic Community.
Since the colonial empires on which the significant political blocs were
built have been dismantled over the last twenty years, one would
expect the influence of these blocs on trade to have diminished. The
studies that have been done, however, find very little evidence of this.
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In all of the refined mineral products examined, political blocs were -
important in the early postwar period and remain important today.
Apparently, once strong commercial ties are established in mineral
markets, they tend to perpetuate themselves for many years.

Only the studies analyzing iron ore, bauxite, and alumina trade
explicitly include long-term contracts in their trade models. In all
three of these cases, long-term contracts were of negligible importance
during the 1950s. However, during the 1960s long-term contracts be-
came more common, and thus by the 1970s such arrangements consti-
tuted a significant determinant of trade patterns. To some extent this
development occurred because of the growth of Japan’s imports of
mineral commodities, particularly unprocessed minerals. As already
noted, this country has opted to satisfy its raw material requirements
through long-term contracts rather than develop its own subsidiaries
abroad. In addition, as project financing and other developments have
reduced the role of ownership ties elsewhere, long-term contracts have
grown in importance as a means of assuring producers a market and
consumers an adequate supply of mineral resources.

Sharing a common border has also been found to stimulate trade
significantly among neighboring countries, particularly in refined
metals, but in iron ore as well. Since fabricators tend to be smaller and
more numerous than firms engaged in smelting and refining, they are
more likely to concentrate on domestic markets and those in neighbor-
ing countries for their raw material supplies. For this reason, presum-
ably, the neighboring country effect is a significant factor in alumi-
num, refined copper, and refined nickel trade, whereas it apparently
has little influence on trade patterns in bauxite, alumina, copper con-
centrate, and blister copper. Moreover, despite the great improvements
in international communications that have occurred over the postwar
period, there is little indication that the effect of this variable on trade
in refined commodities is abating.

Little can be said yet about the importance of special ties arising
from product differentiation, for the studies that have been completed
to date have not included this variable in their trade equation. In some
instances, such as those noted earlier concerning the high arsenic,
copper concentrate mined in the Philippines and the various types of
bauxite, these studies have tried to assess the importance of such
special ties qualitatively. However, the first attempt to introduce this
factor explicitly into the trade equation is described in the next section.

The last variable that the previous section identifies as an influence
on the resistance to trade between countries is distance. One would
expect distance to have a greater impact on the trade patterns of ores
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and concentrates than of refined metals since transport costs constitute
a larger percentage of the total value of the former. The copper study
provides some support for this hypothesis, but the aluminum study
does not. Moreover, while distance is a significant factor influencing
trade flows in iron ore, the same is also true for refined nickel. For
similar reasons, distance should be a more important determinant of
trade patterns of mineral commodities with a relatively low value. On
this basis, one would expect to find distance more influential in copper
and aluminum trade than nickel trade, but this is not the case. The
impact of distance can also be seen as declining, because of the
sharp fall in transportation costs. This cost decrease is a consequence of
increases in vessal size and technological advances in vessals as well as
In supporting infrastructure and overland transportation. But here
again the evidence is far from clear and consistent.

Part of the problem lies in the fact that distance, although a statisti-
cally significant factor in many instances, is simply not a major deter-
minant of mineral trade patterns compared to ownership ties and other
factors. The same is also true, perhaps more surprisingly, for export
and import potential. All of the studies employing the trade model of
the previous section estimate a modified version of Equation 5-6 that
includes only the export potential, import potential, and distance vari-
ables. The results are compared with those obtained when ownership
ties, political blocs, the neighboring country effect, and long-term con-
tracts are included in Equation 5-6. In few cases does the modified
model account for or explain more than 30 percent of the variation in
trade flows among the major importing and exporting countries, even
though this specification of the model considers both the direct and
indirect effects of these three variables on trade flows. In contrast, the
full equation often explains over 80 percent of the variation in trade
flows, and only for copper concentrate trade does this figure fall below
60 percent.

Thus, the studies that have been conducted on mineral trade pat-
terns to date consistently find that these patterns cannot be adequately
explained simply on the basis of export potential, import potential, and
distance alone. The other factors that shape trade flows may vary from
one mineral commodity to another, by stage of processing, and over
time, but as a group they have a major impact on the direction of trade
of all the mineral commodities examined. Moreover, these factors—
ownership ties, political blocs, neighboring country effects, and long-
term contracts—all introduce a degree of stability and rigidity in
mineral trade patterns, and so may make it more difficult for new
importers or new exporters to break into the market.
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INTERNATIONAL TRADE IN TIN

Tin is an unusual metallic commodity in several respects. Though
underground mining is important in certain areas, such as Bolivia,
most tin is recovered from alluvial deposits. For this and other reasons,
tin-producing firms are far more numerous and generally much smal-
ler than the firms found in other metal industries. Consequently, the
multinational resource companies are much less important in this
industry, and the incidence of international ownership ties is less
widespread.

These aspects of the tin industry raise the possibility that a different
set of factors govern trade patterns in this industry. To determine if
this is the case, the trade model described above has recently been
employed to analyze trade flows in tin. The results of this investiga-
tion, which have not been reported elsewhere, are discussed in this
section. Since tin enters international trade in the form of concentrates
and refined metal, the pattern of trade is examined at each of these
stages of production.

Tin Concentrate Trade :

Trade matrices indicating the average annual quantity of tin con-
centrate trade over three-year periods centered on 1955, 1965, and.. -
1975 are shown in Table 5-2. These matrices identify the trade flows -
between the major exporting and importing countries outside the
Communist bloc. Trade among the Communist countries is excluded
since it presumably is shaped by a different set of forces. Trade flows
between minor exporting and importing states, which in Table 5-2 are
aggregated under the category of “other,” are also excluded from the
analysis since their contribution to tin trade is small.

In the tin concentrate model, trade between the major exporting and
importing countries (T';) as shown in Table 5-2 is assumed to depend
on the following variables:

1. The export potential of country i (XP;). Because it is difficult to
obtain reliable information on the mine capacities of tin-exporting
countries, this variable is estimated by the largest annual quantity of
tin concentrate exports from country i over the preceding five years
measured in thousands of metric tons of contained tin.*

2. The import potential of countryj (MP;). For similar reasons, this
variable is estimated by the largest annual volume of tin concentrate
imports into country j over the preceding five years measured in
thousands of metric tons of contained tin.?

3. The ocean distance between country { and country j (D;) in
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thousands of nautical miles, as reported by the U.S. Naval Oceano-
graphic Office (1965).

4. A dummy variable (S;;) to take account of the unusual nature of
Bolivian ore. Compared with tin mined in the rest of the world, which
comes mostly from alluvial deposits and so is relatively clean, Bolivian
ore is difficult to refine. This is both because it contains impurities that
require complex metallurgical processes to remove and because it
contains valuable by-products that must be separated from the ore in a
way that permits their economic recovery. Qutside of Bolivia, only a
few refineries that can process this country’s ore exist. These facilities
are found in the United States, the United Kingdom, and the Nether-
lands. To capture this constraint on Bolivian tin concentrate trade, S;;
takes the value of one if country i is Bolivia and if country j possesses a
tin refinery capable of processing Bolivian concentrates. Otherwise, it
1s zero.

Since the stimulating effect of this variable on trade when it is equal
to one will depend on the maximum amount of trade (M,;) possible
between countries i andj, S;; is multiplied by M;;. The latter is assumed
to equal XP; or MP;, whichever is smaller.

5. A dummy variable for the neighboring country effect (N;;), which
assumes the value of one if country i and country j share a common
border and zero otherwise. This variable is also multiplied by the
maximum amount of trade (M) possible between two countries.

6. Three dummy variables for political blocs. The first (B1;;) takes
the value of one for trade flows between Benelux and Zaire; the second
(B2y) for trade flows between the United Kingdom and members, or
former members, of the British Commonwealth; and the third (B 3,;)) for
trade flows between the Netherlands and Indonesia. These variables
are all multiplied by the maximum amount of trade possible (M)
between the exporting and importing countries.

7. A dummy variable for ownership ties (O;;) that takes the value of
one when an appreciable portion (30 percent or more) of the tin mine
capacity in country i is owned by interests in country j.* Again, this
variable is multiplied by the maximum amount of trade (M;;) pos-
sible between two countries.

The coefficients for the tin concentrate equation are shown in Table
5-3 for both the full model and a modified model that includes as
independent variables only the export potential of country ¢, the import
potential of country j, and distance between countries. This table also
indicates the coefficient of determination (R?*) and the number of ob-
servations (n) for each equation.

The modified model is estimated for two reasons. First, by compar-
ing the coefficients of the export potential, import potential, and dis-
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tance variables obtained for this model with those for the full model,
one can assess the magnitude of the indirect effects that these vari-
ables have on the structure of tin concentrate trade through ownership
ties, political blocs, and other independent variables found only in the
full model. Second, by subtracting the coefficient of determination (R ?)
for the full equation from that for the modified equation, one can
appraise the marginal contribution of the neighboring country effect,
political blocs, ownership ties, and the differentiated nature of Boli-
vian concentrates in explaining the trade flows shown in Table 5-2.

The results found in Table 5-3 indicate that the percentage of
variation in trade flows that can be accounted for by export potential,
import potential, and distance alone has increased from 17 percent in
1955 to 52 percent in 1975. Over the same period, the additional
explanation of trade flows obtained by taking into account the differ-
entiated nature of Bolivian ore, the neighboring country effect, politi-
cal blocs, and ownership ties has fallen from 62 to 39 percent. Even
though the combined effect of these latter variables has declined over
the last twenty years, they still retain a substantial influence over the
pattern of tin concentrate trade.

Looking at the coefficients for the individual variables affecting
resistance to trade between countries, one finds that all of these
coefficients have the expected sign, though some are not significantly
different from zero at the 95 percent probability level. This is the case,
for example, for the coefficients of the ownership tie variable and the
political bloc variable for the British Commonwealth. The variable
reflecting political ties between the Netherlands and Indonesia is
significant only in 1955, and that for Benelux and Zaire only in 1975.
In contrast, the differentiated nature of Bolivian ore is significant over
the entire period, and the neighboring country effect from 1965 on. The
coefficient for distance tends to fall in absolute value over the period,
suggesting that the inhibiting effect of this variable on trade may be
declining; however, the coefficient is significant only in 1975.

When these findings are compared with those of earlier studies on
bauxite, copper concentrate, unprocessed nickel, and iron ore, political
blocs appear more important and ownership ties less important in
shaping trade in tin concentrate than is the case for the other mineral
commodities, with the one exception of copper concentrates where
ownership ties are unimportant. In addition, except for iron ore, the
earlier studies do not find the neighboring country effect to be an
important determinant of trade flows. Since firms producing tin con-
centrate tend to be smaller than their counterparts in other metal
industries, it would not be surprising if they sold most of their output
in nearby markets. Moreover, this variable, which helps explain the
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relatively large exports of Thai and Indonesian tin concentrates to
Malaysia, may also be picking up the effects of product differentiation
because the tin mined in Thailand and Indonesia, like that in
Malaysia, comes from alluvial deposits and hence can be easily pro-
cessed in the Malaysian refineries. This coupled with the importance of
the variable reflecting the unusual nature of Bolivian tin suggests that
the effects of product differentiation are more important for trade in tin
concentrates than for most other mineral commodities.

Refined Tin Trade

Trade matrices showing the average annual quantity of refined tin
trade over three-year periods centered on 1955, 1965, and 1975 are
found in Table 5-4. These matrices, like those in Table 5-2 for tin
concentrates, identify the trade flows between the major exporting and

importing countries outside the Communist bloc.

The refined tin model assumes that trade between these countries
(T;;) as shown in Table 5-4 depends on many of the same variables
found in the tin concentrate model:

1. The export potential of country i (XP;), as indicated by that
~country’s largest annual volume of refined tin exports over the preced-
- ing five years measured in thousands of metric tons.”
© 2. The import potential of country j (MP;), as indicated by that
country’s largest annual volume of refined tin imports over the preced-
ing five years again measured in thousands of metric tons.?

3. The ocean distance between country ¢ and country j (D) in
thousands of nautical miles, as reported by the U.S. Naval Oceano-
graphic Office (1965).

4. The dummy variable for the neighboring country effect (V;),
multiplied by the maximum amount of refined tin trade possible (M;;)
between country i and country j. Again, M;; is assumed to be equal to
XP; or MP;, whichever is smaller.

5. The three dummy variables for political blocs. The first (B1;;)
covers the special ties between Benelux and Zaire; the second (B2;)) the
special ties between the United Kingdom and other members, or
former members, of the British Commonwealth; and the third (B 3;;)
the special ties between the Netherlands and Indonesia. All of these
variables are multiplied by the maximum amount of trade possible
(M ;) between countries.

6. The dummy variable for ownership ties (O;;), which takes the

* value of one when an appreciable portion (30 percent or more) of the

refinery capacity in country i is controlled by interests in countryj, and
the value of zero otherwise.” This variable, like the other dummy
variables, is multiplied by the maximum amount of trade possible (M;;)
between countries.
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In addition to the preceding variables, which are all included in the
tin concentrate model, the refined tin model contains:

7. A dummy variable (B4,;) that takes the value of one when coun-
try i and country j are both members of the European Economic
Community, and zero otherwise. This variable is also multiplied by the
maximum amount of trade possible (M;;) between countries.

8. A dummy variable (P;;) to reflect the strong apparent preference
of tin users in the United States for Malaysian tin. This variable takes
the value of one when country j is Malaysia and country ; the United
States, and it is zero in all other instances. It too is multiplied by the
maximum amount of trade possible (M;;) between countries.

In competing for Malaysian tin, which has a reputation for high
quality, the United States does not appear to have any particular
advantage over other importing countries. It simply is willing to pay
the price necessary in the competitive Straits tin market to acquire a
large share of the output of Malaysian tin. Consequently, the special
trading tie that the American preference for Malaysian tin has created
between the two countries does not appear to have made it more
difficult for other buyers or sellers to enter this market. Other coun-
tries that so desire can go into the market and bid Malaysian tin away
from the United States if they are willing to pay the price. For this
reason, three sets of results for the refined tin model are shown in
Table 5-5. The first is for the full model; the second is for a modified ..
model that excludes only the dummy variable (P;;) reflecting the pref-
erence of the United States for Malaysian tin; and the third is for a
modified model that excludes all the independent variables except the
export potential of country i, the import potential of country j, and the
distance between countries.

The results indicate that export potential, import potential, and
distance alone can explain between 40 and 46 percent of the variation
in trade flows of refined tin, which is a higher percentage than found
for aluminum, refined copper, and refined nickel. Table 5-4 also indi-
cates clearly the importance of the American preference for Malaysian
tin. This variable by itself increases the ability of the model to explain
trade in refined tin by 53 percent in 1955, 42 percent in 1965, and 31
percent in 1975. In sharp contrast to the findings for other refined
metals, however, ownership ties, political blocs, and the neighboring
country effect collectively have little effect on the structure of refined
tin trade. In no instance does the addition of these variables ap-
preciably improve the ability of the model to explain trade flows.
Moreover, rarely are the coefficients for these variables significant,
and in many instances they have the wrong sign.

These findings suggest that the international market for refined tin,
unlike the market for tin concentrate and the other refined and
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unrefined metals examined, may approximate the type of free market
often assumed in the traditional trade literature. Here, apparently,
political blocs, ownership ties, product differentiation, and the
neighboring country effect do not strongly mold the structure of trade
or create rigidities in trade flows that inhibit new producers and new
consumers trying to enter the market. The preference of the United
States for Malaysian tin does affect the pattern of trade, but the
manner in which this preference is exercised, through the competitive
Straits tin market, suggests that it can constrain the flow of tin trade
only so long as the United States is willing to outbid other importing
countries for this source of supply.

INTERNATIONAL TRADE IN ZINC

Zinc is an important metal. In recent years its volume of output has
been exceeded only by iron and steel, aluminum, and copper. It is also
widely traded. Over fifty countries produce zinc concentrate, and over
thirty possess smelter capacity for refining zinc. Asarco, Texasgulf
Sulfur, Rio Tinto, Mitsui, and other multinational firms play an impor-
tant role in the production and trade of zinc. The significance of such
international ownership ties and other variables in shaping zinc trade
patterns is assessed in this section with a model similar to that used for
tin. Since zinc enters international trade in both concentrate and
refined metal forms, separate models are specified for each of these
stages of production.

Zinc Concentrate Trade

Trade matrices showing the average annual trade over three-year
periods centered on 1965 and 1975 are shown in Table 5-6.!"" These
matrices, like those for tin, identify the trade flows between the major
exporting and importing countries outside the Communist bloc. Trade
involving the minor exporting or importing states is reported under
the category of “other.” Major exporting countries include Canada,
Peru, Australia, Sweden, and Mexico. The major importing countries
are Japan, Benelux, Germany, France, and the United States.

In the zinc concentrate model, trade between the major exporting
and importing countries (T';) shown in Table 5-6 is assumed to depend
on the following variables:

1. The export potential of country i (XP;). Mine capacities for zinc:
exporting countries are difficult to obtain, so therefore this variable is
estimated by the largest annual quantity of zinc concentrate exports
from country i during the preceding five years measured in thousands
of metric tons of contained zinc.'!

e,
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110 Modeling Latin America’s Commodity Markets

2. The import potential of country; (MP;). For similar reasons, this
variable 1s estimated by the largest annual volume of zinc concentrate
imports into country j over the preceding five years measured in
thousands of metric tons of contained zinc.'

3. The ocean distance between country { and country j (D;) in
thousands of nautical miles, as reported by the U.S. Naval Oceano-
graphic Office (1965).

4. A dummy variable (S;;) to take account of the unusual nature of
the lead-zinc bulk concentrates produced by certain mines in Canada
and Australia. The imperial furnace is the only smelter suitable for
treating such ores. Importing countries with imperial smelters include
the United Kingdom, France, Germany, Italy, and Japan. To capture
this constraint on zinc concentrate trade, S;; takes the value of one if
country i is Canada or Australia and if country j possesses an imperial
smelter. Otherwise, it is zero. This variable is then multiplied by the
maximum amount of zinc concentrate trade possible (M;;) between
country i and country j, where M;; is assumed to equal XP; or MP;,

whichever is smaller.
5. A dummy variable for the neighboring country effect (V;;) that

takes the value of one if country ; and country j share a common
border, and zero otherwise. This variable is also multiplied by the
maximum amount of trade (M;;) possible between the two countries.

6. Four dummy variables for political blocs. The first (B1;;) takes
the value of one for trade flows between Benelux and Zaire; the second
(B2;;) for trade flows between the United Kingdom and members or
former members of the British Commonwealth; the third (B3;;) for
trade flows between France and the French Community (Morocco and
Algeria); and the fourth (B4;;) for trade flows between members of the
European Economic Community. All these variables are multiplied by
the maximum amount of trade possible (M;;) between countries.

7. A dummy variable for ownership ties (O;;) that takes the value of
one when an appreciable portion (25 percent or more) of the zinc mine
capacity in country ¢ is owned by interests in country j.'* Again, this
variable is multiplied by the maximum amount of trade possible (M;)
between countries.

The coefficients for the zinc concentrate model are shown in Table
5-7 for both the full model and a modified model that includes as
independent variables only export potential, import potential, and
distance. This table also shows the coefficient of determination (R?)
and the number of observations (n) for each equation.

The results indicate that the percentage variation of trade flows
accounted for by export potential, import potential, and distance only
increased from 27 percent in 1965 to 51 percent in 1975. The differ-
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entiated nature of zinc ores, neighboring country effect, political blocs,
and ownership ties explained an additional 36 percent in 1965, but
only an additional 12 percent in 1975 of trade flow variation. The
combined effect of all the independent variables has remained constant
at 63 percent over the ten-year period.

The results for individual variables show that the coefficients for
export potential and import potential have the right signs and are
significantly different from zero. The distance variable also has the

correct sign, but it is significant only in the 1975 trade equation.

' In both periods the coefficient for ownership ties is positive and
highly significant. The coefficient of the differentiated nature of zinc
concentrates is positive in both years, though only significant in 1975.
In contrast, the results provide little evidence that political blocs
greatly influence the flow of zinc concentrate trade. The coefficients for
these variables are not significant, and in some cases they have the
wrong sign. The final variable considered by the model is the neigh-
boring country effect. Its coefficient is positive, as expected, and
significantly different from zero in 1965, but it turns negative and
insignificant in 1975.

The results suggest that ownership ties, the differentiated nature of
ores (in 1975), and the neighboring country effect (in 1965) are impor-
tant forces shaping the flow of trade in zinc concentrates. These
findings are consistent with many of the earlier studies on metal trade
patterns that found that ownership ties have a substantial impact on
trade patterns for ores and concentrates.

According to the coefficients of determination, the full model ex-
plains nearly two-thirds of the variation in trade flows for both time
periods examined. What remains unexplained is due to variables not
explicitly taken into account in the model. One such factor is the
extensive use of long-term contracts between certain trading countries.
Substantial quantities of zinc concentrates, for example, are shipped
from Canada and Australia to Japan under such contracts, and the
same is true for Canadian concentrates destined for Belgium. Since the
* model does not include a variable for long-term contracts, it anticipates
far less trade between these three sets of trading partners than actu-
ally takes place.

Another factor whose influence is not fully captured by the model is
the differentiated nature of zinc ores. In addition to the preference to
use the Imperial furnace for processing lead-zinc bulk concentrates
(which the model does consider), there are certain processing facilities
that require high-quality ores. In particular, the electrolytic smelter
must use higher quality ores than other smelters. Because data on the
quality of ore coming from different mines is unavailable, this aspect of
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the differentiated nature of zinc ores cannot be explicitly taken into
account by the model.

Refined Zinc Trade

Trade matrices for refined zinc trade are shown in Table 5~8 that
indicate the average annual volume of trade between the major export-
ing and importing countries outside the Communist bloc over three-
year periods centered on 1955, 1965, and 1975. The United States, the
United Kingdom, Germany, France, and Sweden are among the most
important importing countries, whereas Canada, Benelux, Australia,
Mexico, and Peru are among the most important exporting countries.

The model used to analyze trade patterns for refined zinc contains
the following independent variables:

1. The export potential of country i (XP)), estimated by the largest
annual volume of refined zinc exports from country i over the preceding
five years measured in thousands of metric tons.'

2. The import potential of countryj (MP;) estimated by the largest
annual volume of refined zinc imports into countryj over the preceding
five years measured in thousands of metric tons."

3. The ocean distance between country : and country j (D;;) in
thousands of nautical miles, as reported by the U.S. Naval Oceano-
graphic Office (1965).

4. A dummy variable for the neighboring country effect (NV;;) mul-
tiplied by the maximum amount of refined zinc trade possible (M)
between importing country j and exporting country i, where M;; is
again assumed equal to the smaller of XP, or MP;.

5. Three dummy variables for political blocs. The first (B 1;;) repre-
sents the special ties between Belgium and Zaire; the second (B2;;) the
special ties between the United Kingdom and members or former
members of the British Commonwealth; and the third (B 3;;) the special
ties between members of the European Economic Community. These
variables are multiplied by (M;;), the maximum amount of trade possi-
ble between countries.

6. Anownership tie variable (O;;) that equals the amount of smelter
capacity in country i controlled (at least 50 percent ownership) by firms
In country j.

In addition to the full model, which includes all of the preceding
variables, a modified model containing only the first three variables
was estimated. The results are shown in Table 5-9, and they indicate
that export potential, import potential, and distance have had a declin-
ing influence on trade, accounting for 40 percent of the variation in
trade patterns in 1955, 36 percent in 1965, and 33 percent in 1975. The
coefficients for the export potential and import potential variables
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have the correct sign and are significant at the 95 percent probability
level in both models. The coefficient for the distance variable also has
the correct sign (except in the 1965 full model), but it is significant only
in 1975. |

The results for the full model reveal that the other independent
variables can explain an additional 51 to 59 percent of the variation in
trade patterns. The neighboring country effect and the British Com-
monwealth political bloc are particularly important determinants of
refined zinc trade. The coefficients for these variables have the correct
sign and are significant for all of the years examined. Ownership ties,
the special ties between Zaire and Belgium, and the European Eco-
nomic Community appear to have less influence on refined zinc trade.
With the exception of ownership ties in 1975 and the European Eco-
nomic Community in 1965, these variables are insignificant.

Overall the results for zinc correspond more closely to the findings of
earlier studies of metal trade patterns than those for tin. Ownership
ties are particularly important in shaping trade flows of concentrates,
whereas at the refined metal stage certain political blocs and the
neighboring country effect are far more significant. The latter vari-
ables appear to introduce rigidities in the patterns for refined zinc
trade that one does not find for refined tin. However, at the concentrate
level, zinc and tin are similar in one respect; that is, trade in both of
these commodities is significantly influenced by the differentiated na-
ture of their ores.

IMPLICATIONS FOR LATIN AMERICA'S
TRADE AND RESOURCE POLICIES

Mining and mineral processing are important sources of foreign ex-
change and government revenues for a number of Latin American
countries. For this and other reasons, public involvement in the min-
eral sector has been growing over time. In this regard the last twen-
ty-five years have witnessed two particularly important developments
in Latin America as well as elsewhere. The first is the increas-
ing incidence of public ownership in the mineral sector. Far less fre-
quently are projects completely owned and controlled by the multina-
tional resource companies today than was the case in the 1950s. In-
deed, many countries now insist that the government hold a major
interest in domestic mining ventures, and in some countries govern-
ments have assumed total control. The second major development
involves the aspirations and efforts of many Latin American countries
to increase the amount of mineral processing done domestically.
While such efforts may enhance the benefits producing countries
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realize from their mineral wealth, they may create problems as well.
Countries that reduce or completely sever international ownership ties
may lose the preferential access to certain markets that the multina-
tional resource companies can provide. Countries that upgrade their
domestic processing operations so that they export refined rather than
unrefined mineral commodities may find a large portion of the market
they are trying to enter foreclosed by political blocs, ownership ties,
and other considerations unless they are willing to accept less for their
products than other countries.

The models described in this chapter and the studies of mineral
trade patterns based on this model suggest that ownership ties, politi-
cal blocs, product differentiation, the neighboring country effect, and
long-term contracts are often as important, or perhaps even more
important, in shaping trade flows than the variables (export potential,
import potential, and distance) usually considered in analyzing trade
problems. While there are exceptions to this finding, as refined tin
trade illustrates, they appear to be few.

This does not necessarily mean that governments should stop pursu-
ing efforts to increase national control over domestic mining opera-
tions or to promote downstream processing, but it does suggest the
need to consider carefully the impact that such actions may have on a
country’s access to markets. This, in turn, requires an understanding
of the nature of trade patterns and the various factors that faciliate or
constrain trade flows. The model described in this chapter is designed
specifically for this purpose and can be useful in this endeavor.

NOTES

1. Structure of trade models have rarely been used to analyze trade in
individual commodities. Tilton (1966) and Margueron (1966) are the only
previous attempts of which we are aware to apply this type of model to
individual mineral commodities.

2. Dummy variables may also be used for O;; and L;; if the available data

—for these two variables do not allow precise quantification.

3. In nickel, a model of trade was estimated only for the refined metal.
Trade flows in semiprocessed nickel, which includes ore, matte, concentrates,
and nickel oxide, are few in number and easily assessed qualitatively.

4. The sources for this information are the same as those for Table 5-2.

5. The sources for this information are the same as those for Table 5-2.

6. Information on ownership ties was obtained from Engineering and Min-
ing Journal (1975): World Mines Register 76/77 (1976). U.S. Bureau of Mines
(annual): U.S. Department of Commerce (1953): Schanz (1954): Tilton (1966):
and discussions with corporate officials.

7. The sources for this information are those cited in Table 5-4.
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8. The sources for this information are those cited in Table 5-4.
9. The sources for ownership ties are the same as those noted earlier for tin
concentrates.

10. Data are not available to construct a trade matrix for 1955.

11. The sources of this information are given in Table 5-6.

12. The sources of this information are given in Table 5-6.

13. Information on ownership ties was obtained from Engineering and Min-
ing Journal (1975): World Mines Register 76/77 (1976). U.S. Bureau of Mines
(annuab): Tilton (1966): and discussions with corporate and government offi-
cials.

14. The sources for this information are given in Table 5-8.
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