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WALTER C. || Commodity

LABYS | Models and
Their Potential for
Latin American
Planning

This chapter examines the role commodity models can play in ana-
lyzing commodity markets and policies in Latin America. To show the
importance of such models for planning, the strategic nature of pri-
mary commodities in Latin American development is first discussed. A
perspective for planning featuring commodity models is presented
next. The modeling methodologies employed in this context are dis-
cussed according to: (1) models of commodity markets, (2) models
linking commodity markets and the dependent national economies,
and (3) models designed specifically to analyze commodity stabilization.
So that this chapter will help introduce the modeling methodologies of
the other chapters, examples of commodity modeling studies related
directly to Latin America’s planning needs and policies are also pre-
sented. A full model’s list appears in the bibliography.

IMPORTANCE OF PRIMARY COMMODITIES

Recent fluctuations in international commodity markets and their
impacts on dependent national economies have been dramatic. From
the fourth quarter of 1972 to the end of 1974, the prices of commodities
important to Latin America such as maize, sugar, and copper doubled
‘and quadrupled before they reached their peak as shown below.
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10 Modeling Approaches to Commoartv Planning in Latin America

Price Increases Price Decreases

Maize 1972-1IV to 74-1V = 111% 74-1V to 76-1I1 = 20%
Sugar 1972-1V to 74-1V = 490% 74—V to 76-11 = 71%
Copper 1972-1V to 74-I1 = 175% 74-11 to 76-11 45%

il
It

From 1974 through 1976 they have tumbled almost as sharply. The
price swings were also reflected in foreign exchange earnings. From a
prospect for debt repayment capability in 1974, Latin American coun-
tries now find themselves again with balance of payments problems.

Among causes of price fluctuations during this period, Labys and
Thomas (1975) cite real and anticipated scarcities of food, fuel, and
other strategic commodities; responses of producers to years of declin-
ing income and prices; a shift in the technological-ecological availabil-
ity of commodities; deviations in world weather patterns; shifts in
speculative activity toward and away from commodity futures mar-
kets; use of the latter to hedge against exchange rate instability, rising
inflation, and general monetary instability; and closer cooperation
among nations leading to the formation of producers’ cartels.

In addition, there are causes related to basic market forces. To begin
with, the price adjustments needed to equate supply and demand in
commodity markets are normally large. World supply of these com-
modities is limited by production conditions in exporting countries such
as capacity or credit constraints, while many commodities are har-
vested only annually. World demand can also be relatively constant,
because commodities normally represent only a small proportion of the
value of the products for which they serve as inputs. Taken together,
one finds that both supply and demand are relatively price inelastic,
and, therefore, a given change in available or desired supplies causes a
substantial price movement. In addition, a large share of this output
derives from relatively few countries; excess supplies in only one of
these countries can thus affect the market substantially.

Latin America suffers appreciably from fluctuations in commodity
prices and earnings because of its position as a major commodity
exporter.' Selecting a tew examples from I'able 2—1, Argentina provides
13.8 percent of the world’s beef and 10.6 percent of the hides and skins;
Brazil exports 30.1 percent of the coffee, 24.9 percent of the sisal, and
8.0 percent of the sugar; Ecuador supplies 18.0 percent of the bananas;
and Peru 54.2 percent of the fish meal. These various commodities are
also_shown to exhibit substantial price instability. Of the eighteen
commodities listed in Table 2-1, the ratio of the price variation to mean
is above 40 percent for twelve of them. While the above commodity
shares are substantial, their national impact is even greater, given the
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fact that these exports represent such a large proportion of each coun-
try’s total earnings. Table 2-1 also indicates that copper accounts for
71.6 percent of Chile’s total exports, coffee 59.5 percent of Colombia’s
exports, bananas 53.9 percent of Panama’s exports, and tin 50.1 per-
cent of Bolivia’s exports.

With such a high degree of primary commodity dependence, we are
justified in seeking planning approaches that invoke the latest ad-
vances in commodity modeling methodologies.

THE PLANNING PERSPECTIVE

The planning perspective developed concentrates initially on the role
of economic analysis in the planning procedure and secondly on the
contribution made by modeling to that analysis. Planning is wide-
spread in both developed and developing countries. Not only are there
ministries of planning and central planning boards, but there also are
economic forecasting units and planning research departments. At one
extreme, planning may consist of the normal tasks of government
budgeting, the management of public enterprises, and the national
time-phasing of certain public services.? At the other extreme, plan-
ning consists of preparing a detailed framework for the future eco-
nomic structure and of implementing it through direct or indirect
manipulation of government instruments. While in the former case
market prices play a large role, in the latter case they are subordinate
to overall plan goals. ‘

The types of planning associated with commodity markets lie in
between these extremes. Most typically they consist of forecasts of the
prices, production, or exports of commodities; alternatively, they focus
on the importance of nonprice factors in allocating scarce resources
among competing commodities. Although planning varies considera-
bly among countries, its character depends on considerations such as
the degree to which the market mechanism pervades economic deci-
sions or the extent of market imperfections and price distortions and
their causes. Another complicating factor is the disequilibrium nature
of commodity markets. Related market fluctuations cause development
to slow down between periods of export revenue declines. Such “stop
and go” phenomena require that commodity planning be pursued as
intensely as planning in other sectors.

Although it is difficult to generalize about the nature of national,
institutional. or even corporate planning processes, the example given
in Figure 2-1 provides a starting point. Beginning at the top of the
figure and following downward. the recognition stage views the plan-
ner as being confronted with certain policy problems. These problems
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Recognition of Policy
Problems to be Solved

Y

Identification of
Decisions to be Taken

Political ; Strategic ‘
JL Considerations Bargaining Power
Evaluation of Impact | _
i ision , .
of Alternative Decisions | | Technological | Capital/Labor
Considerations Requirements
| | Institutional Ecological, Social
) Considerations | Legal Constraints
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FIGURE 2-1. Commodity Policy Analysts and Planning

normally are concerned with relating commodity activity to specific
planning targets or national objectives. At the identification stage, a
number of alternative decisions or policies are proposed that could help
solve the problems.
The most complex stage is the next one, that of evaluating the
.alternatives. Although most planners have a verbal or mental model of
their evaluation process, they seldom are able to quantify it. We do
know that it consists of assessing the relative welfare outcomes of
alternative policies, each of which is influenced by economic, political,
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technological, and institutional considerations. Economic considera-
tions, for example, might pertain to economic gains resulting from
investment in the domestic or export commodity sector. Political con-
siderations might refer to a commodity’s importance in terms of bar-
gaining strategies in contracting or trading. Technological considera-
tions might relate to the level of capital intensiveness to be adopted in
the production or extraction of the commodity. And institutional con-
siderations might reflect ecological, sociological, or legal factors such
as land distribution schemes.

Once the alternatives are examined, planners make decisions hop-
ing the outcome will be politically acceptable. In some cases as shown,
the decision may not be acceptable, and previously stated problems and
alternatives will have to be reconsidered. The entire planning process
can thus be described as requiring feedback to previous stages until an
acceptable decision is reached. Once a decision or policy is deemed
acceptable, it moves to the implementation stage.

A major concern in this book is the appropriate quantitative
framework that will help planners analyze economic considerations in
their evaluation of the impact of alternative commodity policies. The
framework proposed is a modeling one.® Strictly speaking, a model
embodies a hypothesis that involves a relationship between variables
and that intends to explain and predict past, present, and future events
or to describe policies and predict their outcome. For policy purposes, a
model distinguishes between target variables that constitute the objec-
tives of economic policy and controlled variables that are instruments
affected by policies. Variations occurring in the levels of the controlled
variables affect the levels of the target variables. In addition to specify-
ing the economic relationship between variables, a model also at-
tempts to incorporate technological, institutional and political re-
lationships.

Figure 2-1 also shows commodity policies to be directed to either
domestic markets or export markets. Domestic commodity policies
normally are analyzed using a commodity model that interrelates
factors inherent to domestic supply, demand, inventories, and prices.
One can then demonstrate through simulations of the model how
changing policies, for example, regarding employment or capacity ad-
justment, can influence quantities and prices. This dependence can be
described according to how the market might have reacted historically
or how it might react in the future. Essential to employing the model'is
that it be properly validated so that planners will have confidence in its
explanation of market behavior or in its predictions.

Export commodity policies are analyzed with a similar modeling
approach; only now the variables included relate to world commodity



ﬁ

16 Modeling Approaches to Commodity Planning in Latin America

markets. As we shall see later, such models have been used to deter-

mine the impact of commodity stabilization schemes such as those i
proposed within the UNCTAD Integrated Program. One weakness of !
this approach is its limitations for explaining the impact of commodity
exports on various sectors of the dependent national economy. Instead,
the type of modeling exercise required involves linking one or more
commodity models with a macroeconometric model or an equivalent
computational model of the national economy. Let us now examine
each of these modeling approaches more closely.

COMMODITY MODELS

Generally speaking, a commodity model is a quantitative representa-
~ tion of a commodity market or industry; the behavioral relationships
included reflect demand and supply aspects of price determination as
well as other related phenomena. Commodity models deal with foods
and raw materials in an unprocessed and partially processed state. '
These commodities can be extracted from the land (fuel and nonfuel
minerals), grown on the land (annual and perennial crops, including
timber), raised on the land (cattle and poultry), or harvested from the

water (fish, plants, and water itself). Recyclable and scrap materials

are also included.

The most basic type of model from which other commodity meth-
odologies have developed is the market model.* Focusing on the price
mechanism that serves to clear the market, the rudiments of a market
model can be summarized in four equations, although much more
complex structures are used in practice.

D=dD.,P,PA,T)
Q =Q(Q—1,P—0,N,Z)
P =p(P_,,D, AD
I=1,+Q—-D

Demand (D) is explained as being dependent on prices (P), economic
activity (A), prices of one or more substitute commodities (P¢), and
possible technical influences (T') such as the growth of synthetic substi-
tutes. Other possible influencing factors and the customary stochastic
disturbance term are omitted here and elsewhere to simplify presenta-
tion. Accordingly supply (@) would depend on prices (P_,) as well as
“natural factors (N) such as weather, yields, and a possible policy
variable (Z). A lagged price variable (P_,) is included since the supply
process is normally described using some form of the general class of
distributed lag functions.



Commodity Models and Their Potential for Latin American Planning 17

Prices (P) are explained by demand (D) and inventories (/), although
this equation is sometimes inverted to explain inventory demand. The
model is closed using an identity that equates inventories (I) with
lagged inventories (/_,) plus supply (@) minus demand (D). Where the
price equation is inverted to represent inventory demand, the identity
can be recognized as the equivalent supply of inventories equation.

Market models have received considerable development in analyz-
ing commodity policies in Latin America. Cocoa, coffee, cotton, rice,
and wheat models have been constructed by Adams and Behrman
(1976). Segura (1973) has studied the economics of anchovy exploita-
tion and its relation to fish meal consumption patterns, including
implications for Peru. Epps (1970) has evaluated the impact of alterna-
tive Brazilian coffee export policies on the world coffee market. And
Fisher, Cootner, and Bailey (1972) have studied fluctuations in the
world copper market in relation to Chilean export income.

In addition to the market model, there are a number of different
modeling methodologies. Table 2—-2 provides a summary of their basic
characteristics: purpose of the methodology, quantitative method used,
economic behavior specified, and examples of applications. Reviewing
each of these briefly, models of the process type are also econometric in
nature, but they deal with supply and demand within an industry
rather than across a market. They thus focus on the transformation of
commodity inputs into finished products. Whereas market models bal-
ance supply and demand to explain commodity prices, prices in a
process model are normally a function of production and material costs,
that is, markup. They are well suited for describing process industries
dealing with petroleum, steel, or chemicals because they concentrate
on the industrial production process, requirements for raw materials
and labor, and plant capacity.

A recent extension of this approach has been to expand the descrip-
tion of the production process to include linear programming or input-
output models that transform the raw materials inputs into intermedi-
ate and final products. Input-output models of commodity processes
have also been developed independently of process models. Kruegar
(1976) has shown how they can be used to explain intermediate and
final demands for mineral commodities. Another use has been the
disaggregation of the tables to analyze individual agricultural prod-
ucts. In relation to Latin America, Simpson in Chapter 7 employs
disaggregated input-output models to determine output and income
multipliers for agricultural product lines. The commodity principally
studied is beef with implications for Argentina, Brazil, Paraguay, and
Uruguay.

- Optimization and programming methodologies have also proven
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20 Modeling Approaches to Commodity Planning in Latin America

useful. The linear and quadratic forms of spatial equilibrium models
are popular in modeling international commodity markets. In particu-
lar, they can analyze spatial or interregional efficiency in the produc-
tion, distribution, and utilization of commodities. Optimal patterns of
commodity supply and demand can be determined subject to changes in
trade policies such as tariffs and quotas as well as in domesti¢c price
support and acreage allotments. A recent application of spatial
equilibrium with implications for Latin America given in Chapter 6 is
Gemmill’s model of the world sugar market. Among other studies are
Brandt’s (1967) analysis of Brazilian coffee policies, Kennedy’s (1974)
analysis of the world petroleum market with implications for Ven-
ezuela, and the Schmitz and Bawden (1976) analysis of the world
wheat economy including Argentina.

The recursive programming variant of these models concentrates on
the production side of the market, emphasizing the role of investment
and technological change in allocating commodity production and
omitting spatial allocation. These models relate more to investment
behavior in a single nation because they are disaggregated below the
market level, reflecting the behavior of individual decision makers.
Within this context, they have been useful in analyzing diversification
among agricultural crops as well as the impact of changing

" technologies on production in the steel and coal industries. The most
noted application in Latin America has been that of Singh and Ahn
(1973) analyzing agricultural development and crop investment pat-
terns in the Rio Grande do Sol, Brazil. :

A more recent development among optimization models is that of
multiperiod mixed integer programming. Like recursive programming,
which achieves optimization over time, this form of model emphasizes
the impact of technological change on production processes. But it also
combines a process component with a spatial or transportation compo-
nent. Using an objective function that minimizes the total of capital
costs, recurrent costs, and transport costs, the constraints reflect mate-
rial balance for final products, intermediate products, capacity, in-

“vestment, and market requirements. The resulting model permits size,
location, time-phasing, technology, and product mix decisions to be
made within its framework. An application of this type of model is
described in Chapter 4 where Dammert analyzes investment plan-
ning in the Latin American copper industry.

Models of any methodology considered thus far can analyze trade
patterns and trade policies for the commodity exporting and importing
countries involved. However, trade patterns can also be considered in
the context of traditional ¢{rade models such as that of Linneman (1966)
and Taplin (1973). The actual tailoring of this approach to commodity
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markets has been performed by Tilton (1966). He explains variations
in the trade flow matrix for a mineral commodity based on three
factors: (1) the potential of country i to export a commodity; (2) the
potential of countryj to import the commodity; and (3) the resistance to
trade between country i and country j. Policy applications of this
approach relate to potential access to the mineral or potential access to
foreign markets, as affected by geographic location, ownership ties,
contracts, and preferential trade blocs. Examples of econometric
studies related to Latin America include that of Whitney (1976) on
copper, Dorr (1975) on aluminum, and Santos (1976) on iron ore. Chap-
ter 5 by Demler and Tilton concentrates on a policy application to tin
and zinc.

Both the industrial dynamics and systems forms of models deviate
somewhat from the traditional market approaches; they describe
commodity markets and industries as a complete system in which the
impacts of objectives and decisions are viewed through adaptive and
feedback processes. While the industrial dynamics model is preferable
for dynamic analysis emphasizing feedback delays and cyclical pro-
cesses, systems models typically incorporate biological or agronomic
models with market models to emphasize the technical character of
commodity production. Among commodities to which systems models
have been applied in Latin America, the cattle industry in Argentina
has received most attention. In particular Jarvis (1969), Yver (1971),
and Nores (1972) have studied the cattle industry from the point of
view of the optimal inventory of beef cattle.

MODELS LINKING COMMODITIES AND
THE ECONOMY

The role of primary commodities in economic development has been
emphasized mainly through linkages between the commodity export
sector and the dependent economy.> Among the more important works
in which this relationship has been studied are those of Singer (1950),
Baldwin (1963), Reynolds (1965), and Maizels (1968). Statistical
confirmation can be found in Baldwin (1966), Emery (1967), and
Thoburn (1977). More recent investigations have centered upon the
concept of domestic resource costs. Primary commodity studies of this
nature include those of Pearson (1970) and Pearson and Cownie (1975).

Among reasons normally offerea to support the argument of a link-
age between exports and economic growth, Emery (1967;471) sug-
gests the following: (1) an increasing level of exports generally implies
that the country has the capabilities to step up its level of imports; (2)
export development tends to concentrate investment in the most
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efficient sectors of the economy, those in which the country enjoys a
comparative advantage; (3) the country also gains from economies of
scale because the international market added to the domestic market
increases the scale of operation possible; (4) the necessity of remaining
competitive in international markets tends to maintain pressure on
the export industries to improve efficiency; (5) for primary com-
modities, the country exports those goods most suitable to its natural
resource, agricultural, and cultural base; and (6) secondary benefits
are generated that result in increased investment, consumption, and
flow of technology.

Underlying these reasons are several theories of trade and growth
as recently summarized by Thoburn (1977). Export sector effects, par-
ticularly of primary commodities, are viewed as working through the
impacts of export income flows and through externalities. This process
has been viewed as following the theory of capital formation, based on
a disaggregated multiplier-accelerator mechanism. Commodity export
growth thus impinges on the economy through investment oppor-
tunities: (1) in the industry itself; (2) in industries supplying inputs to
the export sector; (3) in industries employing the export as an input; (4)
and in industries producing consumer goods for factors of production
employed in the export sector. Hirschman (1958) has termed these
additional investment opportunities as linkages. Where they are rea-
sonably continuous and of sufficient duration, we should be able to
detect and to study them.

The present relevance of the linkage concept depends on the particu-
lar growth of investment in the primary commodity subsector. Where
foreign investment has been important in the launching of an indus-
try, the focus on linkages is highly appropriate. The greater the pro-
portion of intermediate to final purchases and of intermediate to final
sales, the more can the local population participate as investors. Such
opportunities would be over and above those resulting from direct
participation in the industry. Where an investment in a commodity
industry has been primarily domestic, linkage effects are not as nota-
ble, but linkage analysis still provides insight into the impact of the
investment on the economy.

Linkage effects considered can generally be allocated into two
groups. The first group relates principally to industry operations
within the commodity subsector: backward linkages, forward linkages,
and technological linkages. Backward linkages can be viewed to the
extent that locally produced intermediate inputs and capital goods are
used by the commodity industry. Forward linkages are found when the
outputs of the export industry are used as inputs by other local indus-
tries. To these can be added technological linkages, which relate to
different external effects imparted by the commodity industry on other

1
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industries in the economy, including the diffusion of new technologies,
methods of organization, and so on. Depending on the magnitude of
these linkages, the commodity subsector contributes to economic de-
velopment by providing additional income and employment pos-
sibilities in the linked industries.

The second group of linkages results from expenditures of factor

‘incomes and taxes paid by the commodity industry. The multiplier

effects normally associated with macromodels embodying the ac-
celerator operate through final demand payments by factors of produc-
tion employed and by government expenditure of taxes gained from the
industry. Such multipliers reflect the impact of a change in export
income or commodity investment on domestic factor income. Of princi-
pal interest are the final demand linkages, in which purchases are
made with incomes obtained from the employment opportunities. The
proportion of such incomes spent on local products represents a second
round of multiplier effects; investment in these products can thus be
generated through the accelerator. Depending on the extent to which
these incomes are saved, spent locally, or spent on imports, different
income generation effects will result.

The tax expenditure component has been termed fiscal linkage, and
these effects reflect the extent to which the government spends domes-
tically the payments it receives from the commodity industry. In
certain cases, these tax payments are substantial and thus highly im-
portant. Finally, the external effects or unpriced externalities are im-
portant. They can consist of social effects such as increased domestic
savings and improved labor skills or environmental effects such as
degradation of the land surface and water pollution.

Among analytical methods used to evaluate the impact of commod-
ity linkages on the economy, one can cite works on returned value by
Reynolds (1965), Mamalakis (1971), and Pearson and Cownie (1975) as
well as studies on input-output linkages by Lydell (1975) and Pan-
chamukhi (1975). Formal modeling systems derive from the early work
on the use of macroeconomic models of trade and development.® In its
simplest form, such a model system normally entails an elaboration of
investment, effective demand, and income determination. This permits
the tracing of the impact of policies on attaining full employment and
can be implemented with existing forms of social accounting systems.
The structure of such a system can be represented as follows:

C =F(Y)
V=A(Y,R)
Y=C+V+E-M
F=M-E
S=Y-cC
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Consumption expenditure (C) depends on the level of national income
(Y). The investment (V) that would stimulate the correct level of
income is influenced by the income level itself as well as the rate of
interest (R). Where savings equals investment, national income is
identical to consumption plus investment. However, such an identity
fails to reflect the dependence of the economy on the rest of the world,
particularly on the industrialized economies. Similar to the two-gap
models suggested by Chenery and Strout (1966), the income identity
contains in addition the balance of payments, exports (£) minus im-
ports (M). This can also be interpreted as the net inflow of foreign
capital (F), where E and M involve invisible payments and receipts
including those on transportation, travel, banking, insurance, factor
income payments and receipts, and other miscellaneous transactions.
~ To insure that the savings and investment gap is identical with the
foreign inflows gap, the savings identity (S) is included.

The impact of commodity exports on the macroeconomy is seen
principally through E, which can be disaggregated into noncommodity
E.. and commodity E. components:

E=EFE,+E,

The value of commodity exports is determined from the previous com-
modity model considered at the county level:

E.=PX where X =Q — D = Al

Exports are determined as a residual from the market equilibrium
identity in the commodity model, although they also can be estimated
from a behavioral relationship.

Of course such a model is weak in its inclusion of the various
linkage effects mentioned. More complex models are used in practice
that concentrate on the demand, investment, employment, wage and
price, and fiscal and monetary aspects of the macroeconomy rather
than on its two-gap character. Econometric linkage models of this type
are just beginning to be developed. As explained by Adams and Roldan
in Chapter 7, linkage models can assume either that the world com-
modity market impacts on the dependent economy without interven-
tion or that domestic policy can be used to offset fluctuations on the
world commodity markets. An important aspect of the Adams and

" Roldan model is that it contains both a coffee model and a model of the
Brazilian economy. Thus, the possibility exists of analyzing feedback
effects from country commodity policy to the world commodity market.
A linkage analysis of a less elaborate nature appears in Chapter 8,

4
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where Lira measures impacts of fluctuations in the copper market on
the Chilean economy.

One inadequacy of the above models is that they deal largely with
final demand. To learn more about linkages between the export sector
and the economy, one must also be concerned with intermediate de-
mand. This can be analyzed by formulating a more general system
encompassing a macrostructure plus an input-output structure. The
latter is normally defined by

I-A)Q =D

Gross output of a sector (@ ') when multiplied by the adjusted matrix of
technical coefficients (I — A) gives the final demands of a sector (D).
Technology that is embodied in the fixed input-output coefficients (A)
determines what can be used in further production, while I is an
identity matrix. At market price valuation, the elements of D satisfy

S D= GNP~ Y

i=1

except possibly for the allocation of competitive imports to domestic
producing sectors. -

Input-output models that have been combined with macromodels for
planning purposes fall in the class of general equilibrium consistency
framework models. Such models, for example, as developed by Thor-
becke and Sengupta (1972) for Colombia focus on the linkages between
resource endowment, the structure of production, and the distribution
of income. Recently, input-output models have been linked to mac-
roeconomic structures that provide national and international product
demands; they are also included in energy balance frameworks that
feature supply-demand determination as well as ecological aspects of
resource utilization, depletion, and waste. Possibilities for studying
individual commodity impacts within the context of an input-output
model are featured in Chapter 3 by Simpson

An alternative approach for combining commodity and country
models is commodity-link models of the type originally suggested by
Klein (1968) for improving the explanation of world trade patterns in
the project LINK model. In his approach, the ecomomic relationships
between the developed and the developing countries depend largely on
the quantities and price of commodities in world trade. Exports of
commodities from developing countries depend on the income and
activity variables represented in the models of the importing countries.
At the same time, the income and activity variables represented by the
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models of the developing countries depend on the production and ex-
port of these commodities. The economies of the developed countries
also depend on the supply of these commodities. Interaction between
economic activity and world commodity supply and demand, which are
balanced through an iterative process, results in the determination of
commodity prices and other target variables.

While the LINK system features primarily country models, the
SIMLINK system developed by Hicks (1975) explains trade and growth
for developing regions principally using commodity models. In iden-
tifying certain commodities as a source of trade and growth for specific
national economies, it utilizes economic activity in four developed
economy regions to generate the demand for commodities and other
exportable goods and services from eight developing economy regions.
Volumes of commodity exports together with prices determine the
export earnings of the developing regions, in which prices depend on
world supply and demand conditions. Prices for all other sectors are
introduced to derive import values. The supply of imports to each
region is then compared with exports, and from the resulting terms of
trade, the growth of domestic product is computed for each region. Both
LINK and SIMLINK obviously are well suited for analyzing multi-
commodity interactions and policies.

Analysis of the interaction of commodity markets with the econo-
mies of Latin America is possible with either model. Also of importance
is the Latin American World Model that has been developed to aid
integrated planning at a national and regional level in developing
countries. As described by Chichilnisky (1977), the model emphasizes
the role of food and energy commodities in analyzing basic needs
strategies.

One final approach worth considering, which includes commodity-
economy interaction, is that of a multilevel, multisector model; such a
model consists of a system of optimizing models corresponding to dif-
ferent levels of aggregation. The principal application of this approach
as described by Goreux and Manne (1973) has been in relation to the
- Mexican economy. The model features three levels of aggregation: (1) a
multisector model of the Mexican economy; (2) two sectoral models—
agriculture and energy; and (3) two regional models—agricultural
district and electric power plants (including transmission lines). The
type of planning intended relates to each of the three levels. At the
central level, decisions may refer to the rate of domestic savings and
:the levels of borrowings from abroad. At the sectoral level, policies may
relate to subsidies in fertilizer use or to pricing policies for industrial

fuels. In this context, some thirty-two commodities are included in the
agricultural submodel. At the regional level, policies can be analyzed
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related to specific investment projects, such as those dealing with
irrigation or electric power.

MODELS FOR COMMODITY STABILIZATION

Recent studies of the impact of commodity stabilization on the econo-
mies of Latin America have dealt mainly with the issue of buffer stock
stabilization policies as featured within the UNCTAD- (1975) Inte-
‘grated Program. Although that program includes possibilities for
stabilization through compensatory finance, multilateral contracts,
and processing and diversification as well as buffer stocks, the latter
has received the most attention in policy modeling.

At this point there is no need to review the extensive works that
have recently emerged regarding the likely impacts of buffer stock
stabilization schemes. This has been well documented by Behrman
(1977), by Adams (1978), and by Labys (1979a). In addition, Lord
in Chapter 9 provides a further review with special reference to Latin
America. Thus we turn directly to the particular role played by com-
modity stabilization models. Although the models analyzed are strictly -
commodity models, Klein (1971) has mentioned the possibility of
andlyzing stabilization with linkage models of the type described
above. Adams (1977) has further shown how this could take place on an-
international level though including commodity models into the LINK
framework.

The use of commodity models for stabilization analysis has most
typically involved incorporating the model into a simulation
framework that also includes buffer stocks as well as a buffer stock
triggering mechanism. Economic analysis of buffer stock operation
involves the computation of the value of buffer stock operations and of
the revenue changes falling upon consumers and producers. An exam-
ple of such a modeling exercise can be based on the previously given
market model. Only now the level of inventories is adjusted to accom-
modate purchases or sales of stocks (S) by a buffer stock agency.

D=dD_,P,PAT)
Q=a@ P,y N,2Z)
P =pP_,, A

Al=Q -D+8 -8S_,

Stochastic disturbances that are among the destabilizing influences in
commodity markets are omitted to help simplify the discussion.

The decision as to whether to make purchases or sales from the
buffer stock depends on whether the market price falls to the floor price
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(P’) or rises to the ceiling price (P¢). The evaluation of economic
benefits of the stocking operations begins with the computation of
financial costs (B) for the stocking agency’

B=cS+1—-ab)(S-S_)P

where c¢ is the cost of storage, a is the cost of moving the commodity in
and out of the buffer stock,and b = 1forS >S_,orb = —1for S <
S_,. Since the benefits from buffer stock operation are usually consid-
ered over some period, it is necessary to discount the net worth of the
agency at rate r and to value initial (S¢) stocks at some given value (P).

T
PVB =1 +nrT8S:Pr— 12 (1+r)-*B,—-SP?

To these financial costs must be added the “surplus” or “gains and
losses” accuring to producers and consumers. The gains and losses of
producers depend on whether the commodity is purchased for or re-
leased from the buffer stock. When purchases are made, producers sell
the same amount as they would but at a higher price

PG = (P* - P)Q

where P* is the stabilized price and @ the quantity produced. When
sales are made out of stock, producers receive a lower price and hence
experience a loss

PL = (P — P*)Q

Similar to the financial costs, it is necessary to state producers surpfus
in terms of net present value.

. _
PPS = l2(1 + r)"(PG, — PL,)

Consumer gains and losses similarly differ depending on whether
purchases or sales are made. When sales occur, consumers gain by the
reduction in price of the commodity demanded®

CG =P —-PQ + {(P* -P)(S - 5_.)/2}

~where @ is the quantity produced adjusted by buffer stock transactions.
‘When purchases are made, the reduction in consumer surplus because
of the higher prices becomes a loss.

CL = (P* - P)Q* + {(P* - P) (S — 8.))/2}
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The present value of consumers surplus is given by

T
PCS = l2(1 + ry"{CG: — CL))
The total economic benefits to be derived from the buffer stock
operation are the sum of the present value of the financial costs and the
producers and consumers surplus. '

TEB = PVB + PPS + PCS

In the actual simulation of such a model a number of other factors
enter that affect the outcome of the gains and losses, as explained by
Goreux (1978). For commodity stabilization analyses conducted in re-
lation to Latin America, Behrman and Tinakorn in Chapter 10 report
on country earnings and financial costs of buffer stock operations for
Latin American commodities considered within the UNCTAD inte-
grated program: coffee, cotton, cocoa, copper, tin, and sugar. Other
modeling efforts have dealt with individual commodities. Among stud-
ies of importance to Latin America are those of Ford (1977) on coffee,
Kim et al. (1975) and Kofi (1972) on cocoa, Smith and Schink (1976) on
tin, Chaipravat (1977) on rice, and Smith (1975) on copper.

Mentioned earlier was the fact that policy stabilization approaches
other than buffer stocks exist. One approach where commodity model-
ing has been effective examines the likely impacts of the formation of
commodity cartels in addition to OPEC. Pindyck (1976) uses a market
model that includes commodity production by the cartel and by the
fringe as well as net demand facing the cartel. The operation of the
model involves feedback control that selects the price levels over time
that will maximize the sum of discounted profits. Producer cartels
studied include petroleum, copper, and bauxite.

Among other quantitative stabilization studies of interest, the use
of commodity modeling has been minimal. Information derived from
commodity models such as price elasticities of supply and demand has
been employed, but the simulation methodology developed relates
more to the direct computation of certain stabilization gains. For
example, de Vries (1975) has analyzed the effects of different compen-
satory financing schemes, including those designed to stabilize earn-
ings for individual commodities as well as total export earnings. In this
regard, Goreux (1977) has recently analyzed the pattern of export
shortfalls. Reutlinger (1976) has computed the impact of alternative
buffer stock levels and storage policies in stabilizing world wheat
supplies. This includes the valuation of economic benefits to the stor-
age operation, producers, and consumers. Finally, Konandreas (1978)
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has analyzed the implications of a proposed world food reserve system
on Latin America.

CONCLUSIONS

The extent of the primary commodity dependence in Latin America
warrants more extensive commodity planning. Both coping with the
commodity instability problem and developing the primary commodity
subsector require that decisionmaking have a sound footing. The use of
commodity models is not only indispensable; but it will also provide
objective information to help reduce conflicts among policymakers as
well as to help them shape the future more effectively.

To understand how commodity models can assist in planning, it has
been necessary to define and explain a number of modeling meth-
odologies and modeling approaches. An important element in using
these models is the interaction between the modeler and the decision-
maker. Both sides have a responsibility toward each other. The mod-
eler has the responsibility of clarifying the limits of the model and the
degree of certitude to attach to the forecasts. The decisionmaker must
select competent specialists who can help translate the technical in-
formation into useful policy inputs.

To improve decision making related to investment in minerals or
other commodities, adequate knowledge of both the investment deci-
sion process and the market environment is necessary. Of particular
importance is an understanding of the policy variables entering the
decision makers’ framework that come under government control, for
example, taxation, export and import controls, mining laws, and ex-
change rates and controls.

For the market environment, a number of studies are available that
provide information on commodities of relevance to Latin America.
Also available are forecasts of government and private agencies as well
as of other modelers. It is thus feasible for any government to expand
its analysis of commodity markets with only 2a minimum of resources.
This would furnish a background against which commodity planning
and the formulation of commodity models could begin. It is hoped that
this book will stimulate efforts in this direction.

NOTES

1. This problem is described more extensively in Chapter 9.
2. This view of planning is further developed in Yotopoulos and Nugent
(1976) as well as in Pyatt and Thorbecke (1976).



Commodity Models and Their Potential for Latin American Planning 31

3. The possibility of using models for planning has been discussed exten-
sively. The modeling definition provided here appears from Islam (1970).

4. This introductory description appears from Labys (1978). The summary of
modeling methodologies that follows appears from Labys (1976b): 36-45. A
more complete description of the nature and use of commodity models can be
found in Labys (1973a; 1975a).

5. The present modeling perspective has been developed by the author in

"several papers. See Labys (1978; 1976a); and Labys and Weaver (1973).

6. A review of this class of models appears in Dayal (1975).

7. This simplification is essentially that prescribed by Labys (1979b) and
Goreux (1978).

8. The following expressions involve an adjustment factor of 1/2, which
reflects surplus derived under a condition of an elastic demand curve but an
inelastic (fixed) supply.
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