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ABSTRACT

AN ECONOMETRIC SIMULATION STUDY OF THE EFFECT OF EXCHANGE
RATE OVERVALUATION ON BRAZILIAN AGRICULTURE

By

Doraci Heloisa Crocomo

Previous studies have suggested that overvaluation of the
exchange rate has discriminated against Brazilian agriculture. This
study was an attempt to measure the effect of this overvaluation on
several important agricultural commodities.

An econometric simulation model was constructed, where simul-
taneous interactions between the consumer and farm levels of the
market channels were possible. The econometric model linked supply,
demand, trade, and government policy for the major agricultural com-
modity markets. The model was then simulated to quantify the effects
of the overvaluation of the domestic currency on Brazilian agriculture.

The products considered include corn, rice, wheat, soybeans,
soymeal, soyoil, beef, hogs, and chickens. For each commodity, func-
tional relationships were specified, based on annual time-series data
covering the 1961-80 period, for production, domestic disappearance,
and stocks. Trade was considered the residual in all cases. The
conceptual model focused on the effect of government intervention on
domestic producer prices. A set of price relationships was estimated

to explain the government intervention, based on economic variables.



Doraci Heloisa Crocomo

To analyze the impact of overvalued exchange rates on the con-
sidered commodities, the model was simulated under two different sets
of assumptions. In the first, the model generated a base forecast
using the actual exchange rates for the 1971-80 period. In the
second simulation, "equilibrium" instead of official exchange rates
were used. The changes in the endogenous variables were attributed
to the removal of the overvaluation, which averaged 27 percent a year
for the simulated period (1971-80).

The results showed strong evidence of government intervention
in domestic agricultural prices by the maintenance of overvalued
exchange rates for corn and soyoil. Some indications of this kind of
intervention were found for soybeans and wheat, and no evidence of
such intervention was found for soymeal, rice, or beef. However,
because of the interdependence between commodities, a removal of the
price intervention on corn, wheat, soyoil, and soybeans would affect

all Brazilian agricultural commodities.
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CHAPTER I
INTRODUCTION

Background
The crisis that was started in 1973 by OPEC's decision to

raise international petroleum prices brought a variety of consequences
for the oil-importing countries. In the Brazilian case, the decision
was particularly harmful because the country produces only about

20 percent of its petroleum needs. The value of total imports more
than doubled in 1974 in comparison to the previous year. In the same
period, exports that had been experiencing a steady increase, mainly
due to the government's effort to promote expansion and diversifica-
tion, grew only 12.8 percent--that is, from US$6,199 million to
US$7,951 million, as shown in Table 1.1.

The situation has not changed much since 1974, despite the
country's effort to curtail imports and to increase exports. The
share of petroleum imports in relation to the total import bill has
increased over time; it now constitutes almost one-half of the total
(Table 1.1). The main problem is that means of transportation depend
almost exclusively on petroleum, and the dependency is not expected
to decrease in the near future. The second largest item on the import
list is wheat, and again Brazil depends heavily on imports to supply
its internal demand. Furthermore, the importing of capital goods
cannot be cut severely without harming the development process.

1



Because not much can be done to curtail imports, the best

way to improve the balance of trade is by increasing exports.

Table 1.1.--Brazil's total exports, total imports, and the import of
petroleum as a share of total imports (US$ million FOB).

Year Exports Imports P?ﬁ;ﬁlﬁgm Share (%)
(1) (2) (3) (3/2)
1970 2,740 2,508 236 9
1971 2,904 3,245 327 10
1972 3,991 4,235 409 10
1973 6,199 6,192 711 11
1974 7,951 12,642 2,840 24
1975 8,670 12,211 2,875 24
1976 10,128 12,347 3,613 29
1977 12,120 12,023 3,814 32
1978 12,659 13,639 4,196 31
1979 15,244 17,961 6,403 36
1980 20,132 22,960 9,405 41

SOURCE: Conjuntura Econbmica, various issues.

The balance-of-payments problem faced by Brazil is accompanied
by a very high internal rate of inflation with consequent deteriora-
tion of the income distribution in a country in which the annual rate
of population growth is still around 2.5 percent.

It an attempt to alleviate these probiems, the government
that came to power in 1979 has selected the agricultural sector as
its top priority. For the first time in Brazil's history, a change

in policy in favor of this sector is believed to be underway. After



World War II, Brazil experienced a very high rate of growth as a
result of the import-substitution industrialization policy that was
adopted. This policy was guided by the common belief that this was
the only way under-developed countries could achieve economic develop-
ment (Prebisch, 1949). By 1963, policies to promote the expansion

and diversification of exports as a source of economic growth were
adopted, and the manufacturing sector was the one chosen to benefit
from such policies.

The demand placed on the agricultural sector now is expected
to be very heavy, due to the need for exports for foreign-exchange
earnings and the needs of the domestic market. The supply of food
for the domestic market will have to increase by more than the present
expansion rate in order to have abundant and cheap food. Although the
historical contribution of agricultural products to the export sector
has been decreasing compared to that of manufactured products, it is
still responsible for a large share of the export market, as shown
in Table 1.2.

Agriculture is believed to be the best way to increase
exports because of certain characteristics of the sector. First,
the world demand for agricultural products is expected to continue
to grow at least at the same rate as the population will grow.

Second, most of the oil-importing countries are experiencing various
degrees of recession, making it hard for the developing nations to
sell their manufactured products. Finally, Brazil is only a mar-

ginal exporter for the majority of its agricultural products, so the



increase in exports can be achieved without influencing international
prices. Therefore, no other sector has the opportunity for advance-

ment Tike the agricultural sector does.

Table 1.2.--Value of Brazilian exports and share of the major sectors
(US$ million FOB).

Year ETota] Agriculture? Manufactured Semi-Manufactured
xports Total % Total % Total %
1970 2,740 2,050 75 420 15 250 9
1971 2,904 1,990 69 580 20 240 8
1972 3,991 2,720 68 910 23 310 8
1973 6,199 4,100 66 1,470 24 480 8
1974 7,951 4,810 60 2,330 29 630 8
1975 8,670 5,030 58 2,580 30 850 10
1976 10,128 6,130 61 2,770 27 840 8
1977 12,120 6,930 57 3,840 32 1,040 9
1978 12,659 5,980 47 5,080 40 1,420 11
1979 15,244 6,510 43 6,680 44 1,890 12
1980 20,132 8,488 42 9,028 45 2,349 12

SOURCE: Conjuntura Econbmica, various issues.

NOTE: During the 1960s, the participation of the agricultural sector
remained around 80% (Miller Paiva, p. 47).

4The contribution of agricultural products is undervalued

because the participation of agricultural raw materials in the semi-
manufactured sector is not shown.

To increase the supply of agricultural products to both the
internal and the external markets, it is necessary to create favor-

able conditions for increasing supply. The agricultural sector is



known for its ability to respond very quickly to price incentives,

so small price increases can induce positive response in production.
However, this response must come mainly through an increase in yields.
Such an increase is possible, though, because technology is already
available for some important crops and depends only on the right
incentives to be profitable.

Until recently, it has been argued that one of the few gov-
ernmental actions that benefited the agricultural export sector, as
well as other sectors, was the mini-devaluation policy ("floating-
peg") adopted in 1968 (Zockun et al., 1976, p. 44). This policy
helped to decrease the instability of the export activity by reducing
the speculation associated with the previous devaluation policy. The
mini-devaluation policy coincided with a period of favorable inter-
national prices for some agricultural products and had positive

effects on the export sector.

The Problem

Although the agricultural sector has typically been the sector
responsible for assisting the development process through the transfer
of its surpluses, only recently has the Brazilian government decided
to select this sector as the one to receive top priority in its
development strategy. Historically, the agricultural sector has been
discriminated against by economic policies aimed at protecting other
forms of development, such as the industrialization for import sub-
stitution or the export promotion of manufactured goods. A series of

restrictive policies such as export quotas, multiple exchange rates,



overvalued exchange rates, and even more complicated methods of
Ticensing and deposit were some of the ways governmental policies
penalized the agricultural sector. At the same time, the industrial
sector received different forms of subsidies such as preferential
treatment concerning the import of capital goods, raw materials, and
other inputs; preferential exchange rates; and tax exemption, fol-
Towed by massive public investment to stimulate the sector.]

Besides the economic measures directed toward the export
market, agriculture also suffered from domestic intervention such as
controlled or fixed prices, retention of stocks, etc. These policies
had effects similar to the measures directed to the external market
in the sense that their main objective was to discourage exports
until the domestic market had been "perfectly" supph’ed.2

The consequences of these restrictive policies directed toward
either the external or the internal markets or both were to drive
resources out of the agricultural sector. This resulted in fewer
exports and less foreign-exchange-revenue earnings. Valdes (1973)
found a similar situation in Chile in a study of the effects of
restrictive agricultural policies. Much of the "trade gap" in

]Several exhaustive studies have been conducted concerning the
measures adopted by the government during the post-World War II period.
They clearly demonstrated that the agricultural sector was being penal-
ized. Among them are Veiga (1974), Bergsman (1970), Zockum et al.
(1976), and Lopes and Schuh (1979).

2Leff (1967, 1969) claimed that during most of the post-World
War II period and up to 1967, Brazil followed an "exportable surplus"
approach to trade, by which a country exports the "surplus" that is

"left over" after the domestic market has been "adequately" supplied,
even if internal prices are lower than the world-market prices.






agricultural products in that country in the post-World War II period
was a result of the international commercial policies followed by
the Chilean government.

Of all the Brazilian policies adopted, the most persistent
was the maintenance of an overvalued exchange rate. This measure
constituted an implicit export tax on the agricultural sector. There
seem to have been several reasons for maintaining this policy, as
suggested by Thompson and Schuh (1977): (a) to exploit the country's
dominant position in the world coffee market, where it was possible
to shift the tax onto the foreign consumer; (b) to keep the domestic
price of export products below their opportunity costs, as a way to
control domestic inflation; and finally (c) to keep the price of
imported goods low to encourage industrialization. Bergsman (1970)
stated that during the 1947-67 period "the overvalued exchange rate
probably owed its existence at least as much to a desire to keep
food prices down as to a desire to industrialize" (p. 152).

Several researchers have shown the persistence of the over-
valuation in the last three decades. Bergsman (1970) and Bergsman
and Malan (1970) estimated the magnitude of this implicit taxation
during the 1954-66 period as being between 23 and 27 percent.

Bacha et al. (1971) estimated that during the first years of the
1960s the exchange rate was about 20 to 25 percent overvalued.
Schuh (1976) pointed out that after being close to equilibrium in
1970, the exchange rate was overvalued again by 25 percent by 1976.

By the end of 1979, the government decided to devalue the Brazilian



currency (cruzeiro) by 30 percent, leading it to an equilibrium
position and breaking the rule adopted in 1968 to devalue constantly
and by small amounts (mini-devaluations). However, after a couple of
months the currency again became overvalued because the mini-
devaluation policy was not able to compensate for the inflation dif-
ferential between Brazil and the United States.

In a classic paper, Schuh (1974) argued that

an important variable in understanding the agricultural problems
faced by the United States during the 1950s was the exchange
rate and its role in trade, in the valuation of resources within
the U.S. economy, in the distribution of benefits of economic
progress between consumers and producers within an economy, and
in the way the benefits of technical change are shared between
the domestic population and the world at large. (p. 1)
In the same paper, Schuh explained why overvaluation tends to have
detrimental effects on the agriculture of low-income countries, in
which new production technologies are not available. In this situa-
tion the effect of overvaluation can be so strong that countries can
move from being net exporters to being net importers of agricultural
exports.

Several studies of the effects of overvaluation and other
restrictive trade policies over particular agricultural and livestock
commodities were conducted for the Brazilian case. Thompson and
Schuh (1977) concluded that during the 1947-70 period, Brazil, which
had been only a marginal exporter of corn, could have exported an
average of 1.26 million metric tons more of corn each year if the

cruzeiro had been devaluated by 20 percent. In effect, the increase

in export earnings from corn would have been 475 percent if the



exchange rate had been kept near an equilibrium level. Ayer and

Schuh (1971) found that for each cruzeiro in consumer suplus gained

in the cotton market through export restrictions, the country paid
over 2.5 cruzeiros in foregone export earnings. Studying the beef
sector in Brazil, Lattimore (1974) concluded that because of the
intervention policy, each .45 cruzeiro saved by the Brazilian consumer
caused the producer to be taxed one cruzeiro.

Based on the evidence that restrictive trade policies have
discriminated against the agricultural sector, it appears that if a
less-restrictive set of economic policies and, more specifically, a
policy of more-near-equilibrium exchange rate had been adopted
throughout the years, Brazil could now be a steady exporter of sev-
eral agricultural products. The present study is an attempt to
measure the effect of these restrictions over a system of several
important commodities, in which simultaneous interactions between

the consumer and farm levels of the market channels are possible.

Objectives of the Study

The specific objectives of this study are:

1. To build an econometric model that links the supply,
demand, trade, and government sectors in Brazil for the major agri-
cultural commodity markets.

2. To integrate this econometric model into a model system
that can be used for prediction and policy-analysis simulation, i.e.,
for testing the operation of stabilization schemes under alternative

assumed conditions.
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3. To quantify the effects of overvaluation of the domestic
currency on Brazilian agriculture.

The general objective of this study was to increase the under-
standing of the markets for the agricultural products considered and
to provide instruments for their analysis. More specifically, it was
attempted to explain the historical discrimination against the agri-
cultural sector through a persistent overvaluation of the Brazilian
currency.

The products considered in this study included corn, rice,
wheat, soybeans, soymeal, soyoil, beef, hogs, and chickens.

These products were chosen mainly because of their importance in the
domestic economy and because they are interrelated, competing for
the same area and/or as substitutes in terms of consumption. No
mention is made of other important agricultural products, such as
coffee and sugar cane, in order to keep the model manageable and
because the interest was mainly concentrated in the grain-livestock

sector.

Organization of the Dissertation

The remainder of the dissertation is organized as follows.
Chapter II contains the theoretical considerations used to demon-
strate the effects of changes in trade policy. Chapter III includes
an overview of the modelling approach. The results of the estimation
of the parameters and validation of the estimated model are presented
in Chapters IV through VI. Production is discussed in Chapter IV,

demand in Chapter V, and net trade and price and stock relationships
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in Chapter VI. Chapter VII demonstrates the use of the model for
policy analysis. The final chapter contains a summary, conclusions,
and suggestions for further research. Supporting materials are

contained in the appendices.






CHAPTER II

THEORETICAL CONSIDERATIONS

One of the objectives of this study was to quantify the
effects of the overvaluation of the domestic currency on Brazilian
agriculture. These effects can be shown graphically with the help
of a partial-equilibrium framework. The use of partial-equilibrium
analysis, although subject to several criticisms, can be very useful
for "rough and ready" analyses of the effects of changes in trade
policy (Thompson, 1977). The partial-equilibrium approach considers
only one commodity in isolation and does not include other markets
in the analyses. But, to link the agricultural sector with the other
sectors of the economy and still have a comprehensive system, simpli-
fying assumptions are required.

To illustrate the effects of an overvalued exchange rate in
a one-commodity, two-country model, a set of two-dimensional graphs
can be used. The more general case, whereby the exporting country
has a sufficiently large world-market share to influence the world-
market equilibrium price by changing the quantity it exports,
will be presented first. Because Brazil can still be considered a
small country in world markets for most of its agricultural products,
the small-country case will be presented following the more general

case.

12
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Large-Country Case1

Figure 2.1, panel (a) represents the domestic demand and
supply curves of a certain homogeneous commodity of an exporting
country. When there is no international trade, the equilibrium price
and quantity are determined by the intersection of the domestic supply
and demand curves. However, if there is free trade, the domestic
price at the port of the exporting country is equal to the FOB (free
on board) price. Panel (c) of the same figure shows the “"domestic"
supply and demand curves for the importing country, considered here
as the rest of the world (ROW).2 The intersection of the domestic
demand and supply curves gives the "domestic" equilibrium price and
quantity for the RON3 before trade begins. The prices are expressed
in domestic currency for the exporting country and in dollars for
the ROW. It was assumed that the exchange rate was in equilibrium
and that transportation costs could be ignored for simplicity.

Panels (b) and (b') represent the world-market conditions in
the exporting country's domestic currency and in dollars, respectively.
An excess-supply curve (ES) can be drawn, panel (b), on the assumption

that at any price above OP7 the quantity supplied domestically is

]This section is heavily based on Thompson and Schuh (1977).

2The aggregation of all other trading countries into the
"rest of the world" constitutes another important limitation of this
partial-equilibrium graphical approach. See Thompson (1977, p. 10).

3The curves were drawn on the assumption that before trade,
the domestic price in the exporting country is lower than the equi-
librium price in the ROW, the only reason why a country can be an
exporter,
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greater than the quantity demanded. Then ES is obtained by measuring
horizontally the differences between domestic supply and demand

curves at prices above the equilibrium price and shows the quantities
a country will export at vérious prices. The slope of ES is the
combined slope of the domestic supply and demand curves of panel (a).
The excess-demand curve (ED) for the rest of the world can be obtained
in a similar manner. At prices below the "domestic" equilibrium price
OP» in panel (c), more is demanded and less is supplied, assuming

that "domestic" supply and demand curves are normally shaped. ED is
then obtained by measuring horizontally the differences between the
"domestic" supply and demand curves for the ROW at any price below the
equilibrium price and shows the quantities the ROW is willing to
import from the exporting country at various prices. The derivation
of this curve is not as straightforward as the ES curve because it has
to be considered as the difference between total imports of all coun-
tries less the quantities imported from other exporting countries, so
it is in fact a net excess-demand curve. The slope of ED is the
combined slope of the "domestic" supply and demand curves of all coun-
tries aggregated in panel (c).

If it is assumed there are no trade restrictions, that the
exchange rate is in equilibrium, and that transportation costs can be
ignored, a new world-equilibrium price can be obtained at the inter-
section of ES and ED in panels (b) and (b'). This free-trade price
will be equal to the domestic equilibrium prices at the ports--OP3

in the exporting country and OP4 in the ROW. At this price, the
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exporting country will produce OB and OA will be domestically
demanded, leaving AB = OF to be exported. At the same time, the ROW
is producing OC at the price 0P4, consuming OD, and importing CD = OF.
The exporting country's foreign revenue from this scale is equal to
CMND, which in turn is equal to AKLB.

Up to this point, perfect competition was assumed to exist
among the markets, and free trade was allowed. Now assume that the
exporting country decides to peg its exchange rate to the dollar at
a level that overvalues its currency. This shifts the ED curve of
the ROW down to ED' in terms of the exporting country currency.

The exporting country ES curve shifts up to ES' from the viewpoint
of the ROW, in terms of dollars. These shifts are not parallel but
percentage shifts. The immediate effect of this policy decision is
to lower the price of the commodity to 0P5 in terms of the exporting
country currency or to increase it to OP6 in terms of dollars. This
means that less will be produced and more consumed domestically,
leaving less to be exported. On the other hand, in the ROW more will
be produced and less consumed because the prices now are higher in
terms of dollars. The quantity traded now is GH = OE = IJ, which is
smaller than before the overvaluation, meaning that less foreign-
exchange revenue will be earned by the exporting country (ITUJ).

One way to measure the average effect of a price change as a
result of a trade intervention such as an overvaluation is by using

the elasticities of ES and ED. These elasticities, in turn, depend
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directly on the domestic-price elasticities of supply and demand of
the respective countries invo]ved.]
Thompson and Schuh (1977, p. 9) showed that an overvaluation

of t percent, ceteris paribus, will lower the domestic price in the

exporting country by

P Ye-n ]

dng§$ = (n—e)t = (;}E? t percent
n
where:
n = the price elasticity of excess supply of the exporting country
e = the price elasticity of excess demand of the ROW
(n>0>¢)

The effectiveness of such a policy will depend on the power of the
country to influence the international market price. If the export-
ing country is large enough and overvalues its currency or imposes
any other kind of trade restriction, it can transfer income from the
ROW to the exporting country by increasing the world-market price
(in dollars). The magnitude of these changes in prices greatly
depends on the elasticities of excess demand faced by the exporting
country for each different exportable product. The more inelastic

the excess-demand curve of the ROW is for the product considered,

]For derivation of the ES and ED elasticities, see Kreinin
(1975), Appendix III, p. 428.
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the more the exporting country stands to gain from such a restrictive

trade policy.

Small-Country Case

This is a particular situation of the more general case,
whereby the exporting country faces a horizontal excess-demand curve

for its product (e =-«). The above formulas will then be reduced to:

Tim dP _
e>-w —p = topercent
and
lim d P
dorts S USE
us$

This means that a t percent overvaluation, ceteris paribus, will
translate into a similar amount of decrease in the exporting country
domestic price with no influence at all in the world-market equilibrium
price.

The effects of an overvalued exchange rate in a small-country
case are shown graphically in Figure 2.2. The analysis is similar to
the large-country case. Panel (a) illustrates the exporting country's
domestic supply and demand curves for a certain homogeneous commodity.
Panel (b) represents the world-market conditions faced by the export-
ing country. ES is the excess-supply curve for prices above the
domestic equilibrium level P~|. ED is the ROW's excess-demand curve,
when the exchange rate is in equilibrium. The intersection of these
two curves in panel (b) gives the domestic free trade price PZ' At

this price, the exporting country produces OB and demands OA



19

*9sed Aujunod-[[ews €s3onpoud 31qe3a0dxa UO UOLIBN|RAUSAO JO 323443--'2°2 a4nbiy

(q) 39uew praop (e) A4qunod buirjuodxy
0 J E| 0 0 9 E| a v 0
€ T « .
a3 :
a3 .
S3 d vd
v







20

domestically, leaving AB = OC to be exported. The revenue of this
sale is AGHB.

If the exporting country overvalues its exchange rate, the
ED curve shifts down to ED'. The new domestic equilibrium price will
be OP3 < OPZ' At this lower price, OE < OB will be produced and
0D > OA will be demanded domestically, leaving DE = OF < OC to be
exported. This means that a lower revenue DIJE will be earned.

If a country has no power to influence world-market prices,
the effects of the overvaluation tend to stay within the domestic
economy. Consumers will gain in the short run because the prices in
domestic currency will fall. Lower prices will result in undervalua-
tion of the agricultural resources, which in time will leave the sec-
tor to find better alternative uses. Also, if prices are lower
domestically, more will be consumed internally and less produced.

The amount available for trade will decrease, with a consequent
decrease in foreign-exchange earnings. Imports will also be cheaper
in terms of domestic currency, and the government may have to impose
restrictive measures to control imports. The country's capacity to
import the capital goods and other inputs necessary to its develop-
mental process may also be affected. How much foreign exchange will
be lost depends on the elasticities and the amount of the overvalua-

tion.






CHAPTER III
OVERVIEW OF THE MODELING APPROACH

Introduction

In recent years a variety of complete econometric models
have been built, having different objectives and using a series of
estimation techniques. These models usually provide ways for better
understanding the structure and parameters of the behavioral relation-
ships underlying commodity markets as well as the relationships between
the various markets and the producer and consumer economies (Adams &
Behrman, 1976, p. 2). They have been used for purposes of forecast-
ing and for simulation under different policy alternatives. Labys
(1973, 1975) has an extensive inventory of studies r‘e]éted to
commodity-model building.

The objective of this study was to build an econometric
model for the grain and Tivestock sectors to be used for prediction
and policy simulation. The model includes production components
(acreage, yields, slaughtered animals), domestic-demand equations,
feed-demand equations derived from the livestock component for soymeal
and corn, soybeans crush demand, a system of price-linkage equations
relating domestic to world prices, stock equations where applicable,
and a set of identities and "technical" relationships. In all cases,
trade was considered the residual after considering domestic availa-
bility and domestic disappearance.

21
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A simulation approach was chosen because this procedure allows
the major agricultural products to be analyzed simultaneously. This
enables important cross-price effects among commodities to be con-
sidered. The simulation analysis has some advantages over the alter-
native multiplier analysis to evaluate effects of policy changes
(Labys, 1973, p. 199). It permits one to consider, among other
things, varying rates of change in an exogenous variable or varying
Tevels of several exogenous variables at once. It was hoped that this
procedure would show more accurately the total effects of a change
in the exogenous variables than would the use of simple elasticities
computed from the structural form.

To model commodity markets, it is necessary to know the char-
acteristics of each commodity. This means that different conditions
of production, transport, and marketing, as well as government inter-
vention, must be taken into consideration (Adams & Behrman, 1976,

p. 3). To use this kind of detailed information when building large
econometric models is not always feasible because of data and resource
Timitations.

Bearing in mind the Timitations in constructing any econo-
metric model, it was hoped that useful conclusions could be reached
with a relatively simple econometric model built from data available
mainly in agricultural balance sheets. A complete description of the

model is presented in subsequent chapters.
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Simulation Model

The basic conceptual approach to the model for each commodity
was similar. Functional relationships were estimated for domestic
disappearance (including food and industrial use, feed, and seed),
carryover stocks, production, and domestic-price determination.

The demand for exports was considered as a residual. The role of
government intervention in determining domestic agricultural prices
was included as a set of price relationships relating domestic to
world prices and exchange rate. These price relationships also
included other economic variables assumed to influence the govern-
ment's decision to intervene in domestic prices.

Following a study by Reynolds, Heady, and Mitchell (1975), a
simplified diagram was developed in which the most relevant inter-
relationships among the different components of the model are pre-
sented. (See Figure 3.1.) The most important components of the
economic model of the Brazilian grain-livestock subsystem are pro-
ducers, domestic consumers, the government, and foreign consumers.
Because of the recursive and simultaneous nature of the system, a
change in one of the submodels can affect the whole system. An
increase in beef-cattle price, for example, will affect the other
livestock products and will even show effects beyond the sector.
Direct and indirect effects will be observed in the hog, poultry,
corn, and soybean submodels. A change in the price of beef cattle
affects the soybean acreage through changes in the area devoted to
grazing. A change in the price of soybeans affects the demand for

Brazilian soybeans. The domestic soymeal demand is mainly determined
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by the demand for broiler feed, and demand for soyoil is largely
determined by the demand for cooking oil. The volume of soybeans
and products to be exported is determined mainly by the difference
between the respective supply and demand. The same soybean price
determines the relative profitability of soybeans, which in turn
affects the decision to cultivate soybeans and competitive crops the
following year, when interaction of the total demand and supply of
soybeans and government intervention produces a new market price.

The submodels for the other commodities follow a similar
pattern. Additional interactions are generated in the system as the
continuous effects of changes in other sectors are performed. The
interaction and feedback effects among the products considered (corn,
rice, wheat, soybeans, soymeal, soyoil, beef, hog meat, and broilers)
are represented by the underlying recursive and simultaneous equa-
tions of the model.

The preceding submodels were simulated simultaneously over
the period 1971-80. Actual lagged values were used to force the model
to correct itself. Interactions among the submodels were thus per-
mitted. Model evaluation over the historical period was analyzed by
performance measures, which are presented at the end of this chapter.
These measures relate to the model's predictive ability. The perform-
ance results are presented in the next three chapters, after a dis-
cussion of the estimated equations.

Next, the model is simulated over the historical period under

two different scenarios. A baseline forecast was obtained by letting
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the model feed itself, using estimated lagged values instead of
actual values. The predictions from this scenario are then compared
with those from an alternative scenario designed to allow analysis
of the effect of a change in the level of government intervention
by using "equilibrium" exchange rate. The results of those simula-
tions are presented in Chapter VII.

The simulations described in this study were carried out
using the GSIM1 program developed in the Agricultural Economics
Department at Michigan State University. GSIM uses the Gauss-Seidel
straightforward numerical method to obtain the solution of simul-
taneous systems of equations.

The full model consists of 48 equations, 37 of which are
structural equations. The remaining 11 equations are technical rela-
tionships and identities. Estimation of the econometric equations
was based on yearly time series data covering the period from 1961
through 1980. It was felt that this was the most representative
period to reflect the current structure of production, consumption,
and trade in Brazil. A1l of the monetary variables used in the
analysis were deflated by the respective price index with base 1977 =
100. For a detailed description of the variables entering the equa-

tions and data sources, see Appendix A.

Estimation Procedures
The choice of an estimation procedure depends on the char-

acteristics of the model under analysis. Using practical considerations

1Based on the General Analytical Simulation Solution Program
(GASSP) developed originally at the USDA.
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of estimating and applying commodity mode};)%Labys (1973, p. 135)
established the choice of criteria based on theoretical and computa-
tional complexity, required sample size, equation or system approach,
nature of consistency, and sensitivity to specification errors,
identification, and multicollinearity. His comparison scheme is a
useful device in making the tradeoff between computational ease and
desirable properties of estimates.

Ideally, where there is simultaneity in a commodity model,
one should apply specific methods for use with simultaneous systems.
In this study, it was possible to order the supply (production) equa-
tions in a dynamic recursive system in such a way that the dependent
variables were related to exogenous and predetermined variables.

The ordinary-least-squares procedure is then suitable for estimating
the parameters of the supply equations because it can provide esti-
mates that are unbiased, consistent, and efficient, as well as giving
the maximum likelihood for a recursive system of equations (Labys,
1973, p. 135).

The two-stage least-squares method seems to be adequate for
estimating demand functions where the interdependence among demand
and prices extends to supply. This method, however, fails when the
number of observations is less than the number of predetermined
variables. Most of the time, this was the case in the present study.
It is impossible to estimate the reduced-form coefficients in the

first stage of the process because the number of unknowns is greater
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than the number of observations. Kloek and Mennes (1960) proposed a
solution to handling this problem, using principal components of
predetermined variables. One can replace the matrix of predetermined
variables with one of a smaller number of principal components account-
ing for a large proportion of the total variance in the original vari-
ables. Although it has some merits, this method also includes several
disadvantages. The linear combinations of the principal components
have no meaningful economic interpretation. Also, the parameter
estimates cannot be expected to be consistent as in the case of origi-
nal two-stage least-squares procedures (Labys, 1973, p. 142). Anotherdis-
advantage is the arbitrariness caused by (a) the fact that the
computation of principal components needs a certain normalization
rule on the variables (such as a unit mean square) and (b) the number
of principal components to be used and whether these components should
pertain only to the variables excluded from the equation to be esti-
mated or to the set of all predetermined variables of the system
(Theil, 1971). Besides, as Maddala (1977, p. 194) pointed out, the
principal-components method is only a statistical device and of very
limited use, and it can easily be misused in econometric work.
According to Theil (1971), there are no obvious solutions in
a case of an undersized sample. He presented two other approaches
but cautioned that further research is needed before the merits of
such procedures can be assessed. The number of predetermined vari-
ables entering each reduced-form equation is very large for considerably

or even moderately sized models, so that methods specifically designed
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for use with simultaneous systems such as two- or three-stage least-
squares procedures are almost never employed in practice (Brundy &
Jorgenson, 1971).

It is common to assert that identification does not consti-
tute a serious problem with agricultural-commodity models because
most of these models are overidentified. Usually, the only rule used
for identification is the order (necessary) condition. The rank
(necessary and sufficient) condition is normally neglected because it
requires a profound knowledge of certain aspects of matrix algebra.
The subject should not be ignored, however, because the parameters of
an equation sometimes are not identifiable even when their number
does not exceed that of the exogenous variables (Theil, 1971, p. 449).
Besides the difficulties described above, it is not worthwhile to
pursue a solution for the simultaneity problem when one does not know
whether the system of equations is identified or not.

Based on the preceding considerations, it was decided
to estimate most equations by the ordinary-least-squares (OLS)
method. Exceptions were made in the case of beef production, in which
a polynomial-distributed-lag model was used; and when serially cor-
related errors were detected, the generalized-least-squares method
was used. The decision to use the OLS method may lead to simultaneous
equation bias in the coefficients. Given the relatively small number
of observations for the present study, and, more specifically, the
Timited number of years for some of the products considered, such as
broilers and soyoil, that were relevant in Brazil, it cannot be assured

that the use of a more consistent method of estimation (if possible)
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would result in a significant change in the coefficients. According

to Labys (1973),
It should be kept in mind that OLS results in biased parameters
estimates where simultaneity is present, but the same is true of
estimates from other methods unless the given sample size is
relatively large and the model specification is fairly exact.
Thus, one must weigh resulting bias against the fact that OLS
estimates typically have lower variance than estimates obtained
from other methods. (p. 138)
Given the preceding discussion, it was expected that the use
of OLS may still provide meaningful results. It was decided that
it was more profitable to improve the model in terms of specification
than in terms of methods of estimation, which can be left for later
research in which refinements in the data could be obtained, together

with alarger number of observations.

Validation
Once the model equations are estimated, the full-model
evaluation over the historical period is analyzed by different per-

formance measures. They are related to the mean square simulation

error. The first is Theil's inequality coefficient, defined as

T
T,° t t
U. = t=1
- 5 (Y
T 21 t T.t=1 t
where
Yi = simulated or predicted value of Yt
Yi = actual value
T = number of periods in the simulation
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The numerator of U1 is the root of the mean square error
(MSE). This statistic lies between zero and one. If it is zero,
the model predicts perfectly for the historical period. According to
Maddala (1977, p. 346), Uy does not provide a good ranking of forecasts;
thus a second measure, Theil's U2 statistic, is preferred. It is

defined as

U, = _YWSE

2
I 0

The value for U2 ranges from zero to infinity; again, this
measure is zero in the case of perfect forecasts.

The mean square error can be decomposed into either one of
two sets of components: (1) bias, variance, and covariance and
(2) bias, regression, and residual proportions.] Maddala pointed

out that the latter decomposition should be used; it is defined as:

uM = % = bias proportion

2
UR = ﬁﬁ-s-ré'—si)—— = regression proportion

Dnal
D = ‘(Lﬁg%‘& = disturbance proportion

where
S, a = the means of sy and a; defined as
_Lateh il a
sp = (Vg = Yo/,

1For a detailed discussion of this decomposition, see Maddala
(1977, p. 344) and Pindych and Rubinfeld (1981, p. 365) .
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e correlation between s and a

If one considers the regression of actual values on predicted

values

Yi=a+p}

a
t
UM will be equal to zero if the parameter a is zero, and UR will be
zero if B equals one. The bias proportion UM gives an indication of
the systematic error--that is, the extent to which average predicted
change deviates from average actual change. Note that UM + UR + UD = 1.
The ideal distribution of these proportions is UM = UR = 0, and UD = 1.
The above criteria were used to validate the model. The results
are presented in the next three chapters, together with the structure

and estimation of the model components.






CHAPTER IV

SUPPLY

Introduction

This chapter focuses on the production side of the model. To
situate geographically the distribution of production within Brazil,

a brief idea of the land use is given below. The succeeding sections
are devoted to specification, estimation, and validation of the
structural relations of the underlying supplies for each product con-
sidered.

The extension of the Brazilian territory is 851.2 million
hectares (8,511,965 kmz). Of this area, approximately 322.6 million
hectares (38.2 percent) was occupied by agricultural establishments
in 1975, of which only about 70 percent or 227.8 million hectares was
under full exploration, distributed as follows: 38.8 million hectares
in arable land and permanent crops, 164.9 million hectares in permanent
pasture, and 24.0 million hectares in extractive exploration (Mesquita,
1981). After discounting the urban areas and other facilities, Brazil
still has more than 50 percent of its territory that is not being
explored economically. Naturally, a large percentage of the unexplored
area is not suitable for agricultural activity for a number of reasons
not to be discussed here. Mainly because of this availability of land,
most of the increase in agricultural production has been achieved
through area expansion. This pattern is bound to change in the near
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future for the simple reason that most of the suitable land close to
the urban centers has already been brought into exploration. Further
occupation of land will be possible only with increased costs in
transportation and infrastructure.

As can be seen in Table 4.1, the land devoted to agricultural
exploration is very irregularly distributed among the regions.
Figures 4.1 and 4.2 give an idea of the geographical position of the

states and their distribution within the respective regions.

Table 4.1.--Brazilian land distribution among the regions and agricul-
tural land use.

Area % of1 Agricultural %
. A ota Use Agricultural

Region (million ha) Area (million ha) Use

(1) (2) (3) (3)/(1)
North 358.1 42.1 29.8 8.4
Northeast 154.9 18.2 79.8 51.7
West-Central 187.9 22.2 93.7 49.8
Southeast 92.5 10.8 72.8 79.3
South 57.8 6.8 46.5 82.8
Total 851.2 100.0 322.6 38.2

Sources: Mesquita (1981) and Fundagdo IBGE.

The southeastern and southern regions have about 80 percent of
their areas already under cultivation, and very little expansion can be
expected in the future. The west-central region is the area that can
be expanded, at least in the short run. It has the advantage of
already having most of the basic infrastructure and of being close to

urban centers. But its exploration cannot be accomplished without
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PARANA

Figure 4.1.--Map of Brazil: Geographical distribution of the states.
(From)AnuSrio Estatistico do Brazil, Fundagao IBGE,
1980.
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Fernando de Noronha
(Territério)

Figure 4.2.--Map of Brazil: Geographical distribution of the regions.

(From Anudrio Estatistico do Brasil, Fundagdo IBGE, 1980.)






37

heavy investment in fertilizer and lime to correct soil problems,
which are common to a large percentage of its area, particularly the
Cerrado region. The northern region is the largest in the country,
occupying 42.1 percent of the total territory, most of which is cov-
ered by the dense vegetation of the Amazon Forest. This region has
the disadvantage of being too far from the consumption centers. On
the other hand, the controversy raised about the devastation of its
natural resources, along with problems of soil and climate inadequate
for crop cultivation, have prevented a rational exploration of the
area. These problems make the region a difficult alternative of fron-
tier expansion, at Teast in the short run. The northeastern region,
covering 18.2 percent of the territorial land, is one of the poorest
in the country for agricultural exploration. The main problem is
related to the unavailability of water. More than half of its area
receives only from 250 to 800 mm of rainfall, distributed irregularly
during four to six months of the year (Alves, 1981). There is a pos-
sibility of expanding agriculture, but only with special irrigation
techniques and research in crop varieties well adapted to the dry
climate of the region.

What emerges is mainly the fact that an increase in agricultu-
ral production can still be achieved through an expansion of cultivated
area, although with increased production costs. But further growth in
production must be attained through an increase in the productivity of
agricultural commodities as well. This is the main task of the agri-
cultural research coordinated by EMBRAPA, the Brazilian Agriculture

Research Corporation; the positive results already obtained by this
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institution indicate that Brazil has a great potential for further
expansion of agricultural production. The agricultural products con-
sidered in this study are largely concentrated in the southern,

southeastern, and west-central regions.

Crop and Meat Production

A perfectly competitive market was assumed in this study in
both input and output markets. The farmers try to maximize expected
profits when making decisions about the amount of land to devote to
various crops. To estimate agricultural supply, the Nerlove model,
hypothesizing farmers' reactions in terms of price expectations and
partial area adjustments, was adopted. Planted area was chosen as an
indicator of intended supply instead of quantity produced because it
was believed the latter is subject to variations outside the farmers'
control, such as weather, pests, and diseases. For a review of argu<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>