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JAMES R. || Input-Output
SIMPSON I Modeling and its
Implications for
Commodity
Planning in Latin
America

Input-output (1-O) analysis. has become a major analytical tool in
the highly complex industrialized economies since Leontief’s first pub-
lication in 1936. Even though considerable methodological advances in
the technique have occurred since then, there have been very few
applications to commodity planning or modeling. Nonetheless, I-O
modeling does appear to be a helpful technique for use in commodity
analysis, and it is likely that empirical uses should be forthcoming in
the next decade. The paucity of literature is not surprising for commod-
ity modeling itself is in its infancy, with most work being done in the
last five to ten years (Labys 1973 and 1978). Furthermore, while most
commodity modeling has direct applicability for the public and private
sector, [-O analysis i< almost exclusively a public planning tool.

Given tnat there is a certain amount of misunderstanding, miscuu-
ception, and lack of knowledge about the potential for input-output
analysis in both the agricultural and nonagricultural sectors in Latin
America, the objectives of this chapter are to describe several I-O
techniques that may be utilized for commodity analysis in Latin
America and to explain in detail how the transactions or technical
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42 Modeling Approaches to Commodity Planning in Latin America

coefficients matrix of existing I-O studies can be disaggregated tu
produce output and income multipliers for specific commodities. An
example of the latter technique with application in Latin America is
given for beef.

The concept of I-O analysis goes back over 200 years to Francois
Quesnay’s Tableau Economique of 1758, which described the circular
flow and general equilibrium concepts of interindustry relations. More
than 100 years passed before the next major advance in the 1870’s

- which was Walras’ general equilibrium model describing the interde-
.. pendence between the production sectors of an economy. A lapse oc-
- curred again until 1925, when the Soviets published the first table of
interindustry relations describing their economy. The first empirical

. application of an I-O model in the Anglo-American world was made by

Wasily Leontief in 1936 when he published an I-O system of the United
.States. After this, there were rapid advances made in I-O analysis. In
1941 a 96-sector model of the U.S. economy was published, and by 1944
the first practical application was made (also in the United States). In
1949 a 200-sector model for the 1947 U.S. economy was made avail-
.able. In 1964 an 81-sector model for the 1958 U.S. economy was pub-
lished, and was then followed by a 370-sector table of the 1963 U.S.
economy (available in 1969). During the 1950s and 1960s there was

- intense interest in I-O analysis as a technique, and models were con-

structed for many countries of the world. By the middle 1970s consid-
erable advances had been made in using I-O analysis for rather
specialized purposes such as natural resource planning.

POTENTIAL OF INPUT-OUTPUT MODELS FOR
ANALYZING THE IMPACT OF PRIMARY
COMMODITIES ON THE ECONOMY

I-O techniques can be divided into at least three major categories: the
construction of national or world models, regional analysis, and tech-
niques that make use of either one or both of the above such as impact
analyses or interregional models. There is substantial potential for
using [-O studies at the national level in Latin America to analyze
mineral industries such as mining or processing simply because those
industries figure so prominently in a country’s economy. Examples are
copper in Peru or Chile and tin in Bolivia. At the international level,
recent work by Leontief (1977) in dividing the world into regions with

+ - individualized I-O matrices for sectors such as grain, oilseeds, and

livestock, and solving the systems simultaneously, suggests that major
advances can be made in linking primary commodities to world trade
studies. In fact, it appears that interregional models and applications
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related to imports, exports, and trade hold some of the greatest poten-
tial for model builders concerned with primary commodities.

Regional I-O models (RIO) and techniques have been developed in
conjunction with interregional (IRIO) models. Probably the earliest
contribution was by Isard (1951), but he was quickly followed by
Leontief (1953) who developed an intranational model that shows how
regional interaction can be traced through a hierarchy of regions. This
effort provided a fundamental link between interregional models and
economic impact studies. Further work was done by Moses (1955) on a
rather crude interregional model of the United States.

Regional and interregional applications of I-O analysis hold great
potential for commodity planning in Latin America and thus deserve
considerable attention by model builders interested in this geographic
area. These researchers have a wealth of information available to
them. For example, Isard and Kuenne (1953) developed a method to
measure the economic impact on one region from expanding a major
industry in another region. Most recent work, especially in the 1960s,
has been on regional rather than interregional models as more imme-
diate results are available. During this time most attention has been
given to field surveys for collecting data to calculate technical
coefficients by means of sales and purchase flows. Because data collec-
tion is expensive, much recent work has been aimed at devising im-
proved national model adjustment techniques to derive regional coef-
ficients.

USES OF INPUT-OUTPUT ANALYSIS AND
STUDIES IN LATIN AMERICA FOR MODELING
PRIMARY COMMODITIES

Over the past twenty years input-output studies have been constructed
by the United Nations Economic Commission for Latin America
(ECLA) dealing with numerous Latin American countries such as
Argentina, Brazil, Chile, Colombia, Costa Rica, Mexico, Peru, and
Uruguay.' The studies have been modified and updated at various
times, but many policymakers and researchers still question if the
relatively costly process of constructing these models is justified by the
benefits received in LDCs. '

Conceptually, it is probably correct that I-O analysis can be used as
extensively in Latin America as in other regions. In reality the practi-
cal uses are more restricted because of constraints of budget, man-
power, and computer capacity. Nevertheless, a number of realistic
potential uses can be suggested:
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« With Latin America’s concern about economic growth, much more
use could be made of impact models. These models, which have been
developed by Adams and Holloway (1973) as well as by Stone and
Brown (1965) among others, evaluate the impact on expansion (or
decline) of one or a few sectors or introduction of new firms or
industries. The techniques are fairly well known and frequently
used in the industrialized countries. Zygadlo and Niehaus (1978)
have used I-O analysis to determine secondary benefits for project
analysis studies. This technique is relatively simple and could be
used in Latin America commodity modeling.

+ More techniques need to be developed that will reduce data collec-
tion time in construction of I-O models. Furthermore, there should
be research in Latin America on estimating error from different
data collection and model construction methods. Morrison and Smith
(1974) as well as Stone, Bates, and Bacharach (1963) have provided
insights into such analyses.

+ As Latin American countries develop their economy, they will cor-
respondingly be able to apply more sophisticated I-O techniques on
increasingly varied problems such as environment versus land use.
See Davis, et al. (1974) and Kymm (1977).

* One aspect of I-O analysis that has long been recognized but little
used in Latin America is its application to various areas of market-
ing. Probably the greatest value from a marketing standpoint is in
appraising the marketing possibilities for those industries that
primarily service or supply other industries, instead of industries
that sell directly to purchasers of finished goods.

+ I-O analysis has important implications because of the insight that
an input-output table provides on the way in which the production of
a sector that sells to other processing industries is related in the
final analysis to demand by consumers, government, investors, and
foreign purchasers of finished goods.

« It is very likely that inordinate amounts of time have been spent in
Latin America on model construction rather than utilizing the re-
sults. In all likelihood, some of the highest benefits can be obtained
from researchers in Latin America familiarizing themselves with
various applications and actually using the accumulated data and
model base. Furthermore, the greatest benefits will come from apply-
ing existing procedures rather than reinventing the techniques. See
Ghosh (1968), Maki (1970), and Rasmussen (1956).

« I-O analysis has particular relevance in Latin America's use of
natural resources, a subject of great concern to policymakers. The
demand for natural resources and evaluations of their optimal uses
can be determined by estimating the demand for final goods and
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services from which the natural resource demand is derived and by
integrating that estimate with the structure of production whereby

.various inputs are combined to produce a final product. The ap-

proach by Bingham and Song Lee (1975), for example, revolves
around determining the consumption of natural resources based on
data for a single time period; these data are then transformed into a
set of direct requirements that have been fitted into the U.S. 83-
sector model. The dollar valuation of the transaction flow is replaced
by natural flows, and outputs are given in physical terms.

[-O models can also be used to determine future requirements for
metals and minerals in a similar manner by converting mac-
roeconomic projections into I-O final demands. In the United States,
conversion tables called demand import transformation tables
(DITT) serve as the base. The vector of final demands is multiplied
by the [-O inverse to generate estimates of industry outputs
(Krueger 1976). In this case outputs are in dollar terms. Both of the
approaches are variants of impact models that can be quite useful in
Latin America for answering questions on the effect of new products
or processes or the effects that increased prices will have on produc-
tion costs and market inflation.

Another potential use for commodity modeling in Latin America is
forecasting by projecting technical coefficients matrices. At the re-
gional and interregional level the major uses are for predicting
over-the-board changes in final demand, changes in final demand for
a sector, or growth of the regional economy. See Miernyk (1975),
Allen and Lecomber (1975), Allen and Gossling (1975), Almon et al.
(1974), and Brody and Carter (1972). The best forecasting will take
place when there is more than one I-O model available. A good
reason why economists dealing with I-O analysis in Latin America
should give considerable attention to forecasting is that their esti-
mates can serve as an additional source of confidence to planners
about the benefits from long-term policies.

A major contribution, and one that seemingly has not been explored
yet, would be the definition of countries within a common market as
regions with the subsequent application of interregional I-O analy-
sis techniques. Appropriate methods are given in Isard (1951), Isard
and Langford (1971), McMenamin and Haring (1974), Carter and
Brody (1969), Miernyk (1965), and Richardson (1972). As is well
known, common markets have not proven to be very successful be-
cause of political consideration and poor knowledge about costs and
benefits of preferential treatment to products from new industries.

In the past, decisions have been based on trade-related informa-
tion. Polenske (1970) has shown that employing I-O techniques
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would add useful information about sectoral impacts on economic
growth. The regional models could also be used for projections, as
was done by Tiebout (1969). A key point is that additional data
requirements would be minimal as most of the data are either in the
transactions matrices or macrolevel trade statistics. The major ef-
fort would have to be in determining the effect of I-O models having
different base years, means of coordination between countries, set-
ting forth procedures to incorporate trade submodels, and improving
theoretical weaknesses such as the instability of trade effects. The
results obtained would be a realization of effects of shifts in the
,location of industrial activity and employment, improvements in
regional accounts that serve as the ‘basis for multicounty impact
studies, the measurement and forecasting of regional export mar-
kets, and advances in transportation planning.

DISAGGREGATED INPUT-OUTPUT STUDIES
FOR ANALYZING COMMODITY IMPACT IN
DEVELOPMENT PLANNING

A method of determining output and income multipliers by opening up
either the transactions or technical coefficients matrix in existing
input-output studies of developing countries has not been reported in
the literature by other researchers. There have been a few studies such
as those by Adams (1973) and Miernyk et al (1970) where this tech-
nique is used to evaluate new industries in developed countries, but the
possibility of disaggregating existing industries into product lines does
not seem to have been researched either in developed countries or
LDCs. To evaluate the use of this technique a study was carried out on
beef, one of the most important export commodities in Latin America.

Beef export policy and the development of a viable beef industry
have been the focus of technical assistance and national planning in
many Latin American countries for over twenty-five years (Breimyer
1962, Brumby 1973, U.S. Department of Agriculture 1970, and United
Nations 1970). Even though at least eight input-output studies of
Latin American countries have been constructed in the past fifteen
years, it is often difficult to assess the impact of the beef export indus-
try from I-O models that treat that industry as a single sector. The
basic problem results from the possibility of specializing in exporting
different product lines. For example, the Central American countries
have traditionally shipped chilled or frozen beef and have done little
processing. The South American countries, on the other hand, have
exported the entire gamut; live animals, sides of beef, and canned
corned beef.
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The study focuses on Argentina, Brazil, Paraguay, and Uruguay
because of the diversity of their beef export sectors. However, the
analysis should have relevance to other Latin American countries.
Certainly the methodology has wide application to all types of com-
modities whether they are agricultural or nonagricultural. The exports
studied include live cows, bone-in beef quarters, frozen boneless man-
ufacturing beef, and cooked frozen .and canned beef. The analysis is
limited to cow beef since the methodological complications of including -
steer beef are substantial.?

Disaggregation of Input-Output Studies

There are two possibilities by which the endogenous portion of the
transactions matrix may be expanded. The first is addition of a new
industry within the framework of “impact analysis” in order to deter-
mine input requirements from other industries and economic effects on
the entire area. This is perhaps more frequently done in regional
rather than national analysis. The second method 1s disaggregation of
an existing industry or subindustry with the breakdown being as
limited or as detailed as necessary. This was the procedure used in the
beef study where the meat processing sector (or the food processing
sector in some studies) were disaggregated to obtain the multipliers®
for the four previously mentioned export products. The livestock sector
was disaggregated to obtain the multipliers for exports of live cows.

Three different methods are possible for disaggregation of one in-
dustry or sector. Given the relevant data, the first method involves
computing column totals for the new industry and dividing each trans-
action by the column total to arrive at the technical coefficients. Mul-
tipliers are then calculated, beginning with the expanded technical
coefficients matnx.

The second method 1is utilization of secondary data from the original
source for disaggregating the sector under analysis in the transactions
matrix. This technique is restricted to situations where data were
available when the original matrix was constructed but the model
builder was not previously interested in a high degree of disaggrega-
tion.

A third procedure, and the one primarily used here, is construction
of budgets for the industries by data obtained through samples and
inserting the budgets directly in the transactions matrix.*

Matrix Disaggregation

The first step in obtaining the product line multipliers was to inter-
view beef packers in the four countries studied. The data obtained were
sufficiently detailed to permit the construction of a cost and returns
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type of economic model for each of the four beef products and live cows
on a product weight basis (Table 3-1). A fully integrated packing plant
with a 1,400 head capacity was considered “typical” and served as the
base.? The items in the initial models were then redistributed on an
interindustry (sector) basis (Table 3-2). Total gross outlays are as-
sumed to equal total gross output, and except for aggregating the items
under “households” and “other,” the budgets are ready for the various
input-output studies. Since the revised cost and returns models were
inserted into four different South American I-O studies, four slightly
different models were required.

Two Argentine studies, one for Brazil and one for Uruguay, were
chosen as base I-O studies because a general statement relevant to all
of the major beef exporting countries was desired. This procedure also
provided a reliability test of the disaggregation method. Because the
analysis centers on beef, the adjusted budgets on an interindustry
basis are based on a ton of product. However, for insertion in the I-O
studies, the budgets are considered to be a year’s transactions for the
whole economy.

The method for expanding (opening up) the transactions matrix and
inserting the coefficients for the four processed products can be de-
scribed graphically and algebraically. The transactions matrix is
graphically represented at the top of Figure 3—-1 while the disaggre-
gated matrix is shown below it.

Each of the transactions for all four new products were summed for
one row and subtracted for the original cell value. This residual is
considered as the transactions for all other products in the meat pro-
cessing industry. The subtracting procedure was carried out in the
same manner for all other rows, insuring that the transactions matrix
remained completely balanced. That is, the gross output of sector i, x;,
of the original model is given by

Xi= D x;+ D,
=
where x;; = sales from sector i toj and D; = final demand for sector i’s
output. Then, assuming that sector n is the sector to be disaggregated,
we can write the gross output of sectoriz = 1,...,n — 1) as

) —

n+-
X = in,i + X, + l xi; + Dj;

i=

j=n—1
where x,.+ = K™ product line sector and
b — _
Xin = Xiy — Xij
i=n+
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FIGURE 3-1. Original and Disaggregated Transaction Matrix
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For the new sectors, gross output can be written as
NA_'_"I n++4
X+t = \ Xij + x* in + k + S Xij + Dn+k
J=1 J=n+1
For sector x¥ (the residual after the product lines have been

taken out) we have
n+4

¥k = > x¥ + D¥
Ji=1

n+4
xE =xy — Z Xij
i=n+1
n-kd
Dy :Dn - E Di
i=n+1
The well-known derivation technique for the Type I multiplier
shown in Figure 3-2 was then followed to obtain the product line
income and output multipliers for live cow exports except that the
livestock sector was disaggregated in this case. The Type II multiplier
isderived in the same manner except that households are endogenous.
Because of the differences between the time the I-O studies were
originally constructed and the product line budgets were prepared, the
implicit [-O framework assumption of constant technology with no
change in relative prices was carefully scrutinized. The conclusion was
that the assumption is not a limiting factor here despite recognition
that technological changes over time do affect the pattern of input
requirements. The reason for the time period differences not being a
constraint is that the purpose of the study is a comparison of several
multipliers, all of which have been prepared for one sector, rather than
comparison with original multipliers.

Multipliers

Multipliers show the indirect economic outputs from what are des-
ignated backward linkages (Figure 3-3). In other words, they show the
inputs (such as labor or machinery) leading to production of an output
prior to its entering final demand. Multipliers do not reflect forward
linkages (such as storage or retailing) after production is complete. In
addition, multipliers do not show changes in an economy’s structure
such as diversification or externalities caused by production changes.
Finally, multipliers, like I-O models, are best utilized for analyzing
small changes in final demand. Large changes imply variations in
production technology, which violates assumptions about I-O analysis.
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To obtain a Type |
output multiplier

Divide each cell of the
transaction matrix
by total gross outlay

To obtain the technical coefficients
(direct requirements) matrix

Then subtract the diagonal coefficients
from one and change the signs of the
other elements

Invert the matrix
: ]

To obtain the (! — A)~' matrix (interdependence
coefficients matrix or, as it is also
known, the indirect requirements matrix)

Then. sum the column coefficients

Y

To finally obtain the
Type | multipliers

FIGURE 3-2. Steps in Obtaining a Type | Output Multiplier

The technical coefficients presented in Table 3-3 show the direct
purchases per dollar of output by the five newly created sectors derived
from the I-O structure described in the Argentinian study (1964). The
largest purchases were from agriculture in the form of live animals. In
order to produce one dollar’s worth of frozen manufacturing beef, about

“six cents was spent on households in the form of wages, salaries,
profits, dividends, interest, and similar payments. For one dollar’s
worth of output from the canned beef sector, on the other hand, forty-
one cents had to be spent in agriculture and seventeen cents on house-
holds. The second largest category, “other,” was mostly taxes levied on
exports.

The Type I and II output multipliers from the four different South
American [-O studies are presented in Table 3-4 for the four processed
beef products as well as live cow exports. As expected, the highest
multipliers are for products undergoing the greatest processing.
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Backward Linkages Forward Linkages
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FIGURE 3-3. Secondary Market Impact Classification

Cooked frozen beef has the largest Type II output multiplier while
canned beef is close behind. Exporting live cows, for example, only
generates $3.33 worth of direct, indirect and induced economic activity
in Argentina for every dollar’s worth of sales while cooked frozen beef
yields $4.87.

As a means of investigating the general applicability of the multi-
pliers, a sensitivity test was made by inserting the budgets in the Grubb
(1973) I-O study for the state of Texas, hypothesizing that this would
represent an extreme situation. Texas exports large amounts of
bone-in beef, but it is part of a developed interdependent economy. The
multipliers turned out 25 percent lower than the Argentina studies,
probably because of the leakage from imports of cattle and materials
from other states. Cooked and canned beef differed less from the man-
ufacturing beef reference point while quarters varied more; however,
the ordering of the multipliers was essentially the same.”

'CONCLUSIONS AND DISCUSSION

After reviewing hypothetical I-O model applications, a technique was
presented in this chapter that demonstrates how statistical informa-
tion from personal interviews with processors can be combined with
existing disaggregation techniques to develop I-O models based on
product lines. An application was made to the beef export industry of
Latin America, but the technique is relevant for any type of commod-
ity, ranging from copper to coffee.

One ramification of the study is the recognition that it may be
possible to prepare and insert budgets for industrywide feasibility
studies for one country in the input-output study for another country to
obtain comparative multipliers. In other words, if an investigator, say
in the Dominican Republic for which there is no [-O study, wanted to
determine whether oranges from the citrus industry should be ex-
ported raw, as canned juice, as frozen concentrate, or packaged as
powder, the investigator could develop the budgets and insert them in
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an [-O matrix for another country. Wilkins (1978) also points this out.
Naturally, considerable judgment would be necessary in selecting a
country with similar conditions, but the five I-O analyses in which data
for cow beef exports were studied show that the multipliers were fairly
stable between countries. Furthermore, the multipliers for each prod-
uct were stable when inserted in I-O studies for different periods for
the same country. '

More research in other industries is needed employing the dis-
aggregation method to determine problems not uncovered here. In
addition, as McKusick and Zygadlo (1978) have observed, extreme care
must be used in applying I-O multipliers in isolation from the parent
models as interregional flows (import-export balances) and other leak-
ages out of the region can bias the multiplier approach. But they also
suggest conducting more tests to compare broad geographical or sec-
toral multipliers to more specific regional multipliers. Certainly, a
good point of departure is application of I-O analysis to the common
market approach suggested earlier in the chapter.

The disaggregation technique presented in this chapter offers com-
modity model builders a shortcut technique to projecting the impact of
a new industry if it can be assumed that the new industry will act in a
similar fashion to an existing one. The technique is also an efficient
tool for answering the question, which is the best subindustry, x or y?
While other techniques only deal with new industries or subindustries,
the disaggregation method offers the researcher an ideal way of deal-
ing with existing situations. Finally, it provides a means of comparing
and evaluating the effect on the economy from a projected new subin-
dustry (such as a palm oil project) to an existing subindustry such as
the manufacture of oil from soybeans. ‘

Overall, the disaggregation of I-O studies used in the LDCs seems to
have considerable usefulness for planning. The scope and application
depends, of course, on the imagination and innovativeness of both
theoretical and applied commodity model builders.

NOTES

1. A complete discussion of I-O models in Latin America was prepared in
1973 by ECLA in Santiago, Chile. Preliminary findings are reported in United
Nations (1973). For more detail see the reference to Barna (1963).

2. The problem is that steers, although comprising the majority of all the
above beef exports, are almost always broken down into numerous wholesale
cuts that depend on market conditions and customers’ orders at the time of
slaughter. In contradistinction an entire cow is frequently directed to one of
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the four product forms listed. Thus restricting the analysis to cow beef is a
vehicle for simplicity in preparation of the budgets.

3. For a detailed discussion on multiplier derivation see Hirsch (1959);
Leontief (1953): Simpson and Adams (1975). '

4. Rather than inserting the budgets in the transactions matrix, each item
can be divided by the total to obtain the technical coefficients matrix. This
procedure has been used by Adams (1973); in this study it is done for the 1970
Argentina study in which the technical coefficients matrix was updated from
the 1963 study by a dynamic procedure.

5. For more information about South American packing plants see Simpson.
and Farris (1975).

6. The two Argentine studies are listed in the bibliography under Banco
Central de la Republica Argentina (1964) and Republica Argentina (1973); the
Brazil study is found in Ellis (1969); the Uruguay study is under Universidad
de Ia Republica (1969).

7. The effects of changes in final demand on output and income, as well as
application of the model to planning in Uruguay, are presented in Simpson and
Adams (1975).
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