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Resumo: Ajusta-se um modelo de equilibrio parcial para o mercado brasileiro de carnes
por meio de minimos quadrados em trés estagios. O modelo € consistente com as
observagdes e pode ser usado para simulagdes. Neste contexto comparam-se simulagdes
para o futuro proximo com as projecdes da OECD/Aglink. Para ilustrar o uso do modelo
em simulagdes de politicas investiga-se o efeito de um aumento relativo no preco do
milho nos mercados de carne suina e de frango, ceteris paribus.

Palavras-Chave: Mercado de carnes, elasticidades, minimos quadrados em trés
estagios, sistema de equacoes simultaneas.

Abstract: A partial equilibrium model for the meat market is fit to Brazilian data by
three stage least squares. The model is consistent with the data and may be used for
simulation purposes. In this context we compare model simulations for the near future
with the OECD/Aglink outlook. To illustrate using the model for simulations in policy
assessments, we investigate the effect of a relative increase in corn price on the poultry
and pork markets, ceteris paribus.

Key Words: Meat markets, elasticities, three stage least squares, simultaneous system
of equations.
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JIntroduction™ ™

As pointed out in Gazzola et al. (2006), researchers and institutions have been
showing a growing interest in the usage of outlook models for agricultural commodities.
Typical examples are provided by OECD (2006), Contini et al. (2006), Trostle (2006),
USDA (2007) and FAPRI (2007). Among these models, one with great appeal is the
partial equilibrium model Aglink developed by OECD. The advantage of having a
partial equilibrium model available relative to unstructured time series models is the
possibility of using it to assess the effects of sector polices via simulation. Indeed this is
the general motivation behind computable equilibrium models.

The problem with the approach is that the models are seldom supported by the

data. Elasticities are computed elsewhere and freely used to specify equations. The
Aglink/2006 outlook for the meat market for example is examined in detail in Gazzola
et al. (2006). They show in their article that elasticities estimated from regressions differ
markedly from the ones used in the specification of the meat market models and, not
rarely, sign inversions occur indicating probable specification errors.
Here, based on the OECD/Aglink data we propose a set of equations to explain the meat
market (beef, poultry and pork) that is consistent with the observations available. We
estimate elasticities via three stage least squares directly from models suggested by
economic theory. The response functions are linear in natural logs and therefore belong
to the Cobb-Douglas family. The poultry market was the only market for which the
demand function was difficult to identify. In this case we used a statistical correction to
the Aglink specification to adjust the own price elasticity.

To illustrate simulations from the estimated model we consider a three step
ahead outlook and the effect of a 1% increase in corn price in the poultry and pork
markets. All key macroeconomic variables are kept constant in this last exercise. The
outlook, on the other hand, is based on time series projections of these variables via
state space models (Dickey and Brocklebank, 2004) as suggested in Gazzola et al.
(2006).

Our discussion in the article proceeds as follows. In Section 2, we update the
descriptive discussion in Gazzola et al. (2006) on the meat market. In Section 3 we
discuss the general approach followed to specify our partial equilibrium model and
show the systems fitted for beef, poultry and pork. In Section 4 we show simulation
exercises derived from the equations fitted in Section 3. Finally in Section 5 we
summarize the main findings and present our conclusions from the statistical exercise.

2. Descriptive Aspects of the Meat Market

The study of the world meat market is of extreme importance to Brazil since
meat exports represent a sizable chunk of total Brazilian exports. The descriptive
aspects of the meat market are shown in Gazzola et al. (2006). Here we update their
description to include final 2005 and 2006 information. The agribusinesses in Brazil
represented in 2006, 35.95% of the total Brazilian exports and 17% of this total are due
to meat exports (MDIC, 2007).

These figures motivate the need for a continuous observation on the variables
composing the meat market. That is also the fundamental economic reason why
organizations like the Ministry of Agriculture and Embrapa are showing an increasing
interest in the development of econometric models explaining the agents' behaviors in
the meat market and in other commodities markets likewise important for the Brazilian
agribusinesses.

A typical instance of the need of models to assess economic impacts is the
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recent issué raised’by the US interest to increase its ethanol production. The general
expectations are for increase in corn price. Since poultry and pork feed in Brazil are
heavily based on corn, an increase in the international price of corn will affect the corn
market in Brazil and indirectly the poultry and pork prices affecting demand, production
and exports in these markets.

The quantitative importance of the meat aggregate, which is dominated by beef,
pork and poultry, for the Brazilian economy, can be inferred from Table 1 where we
show the evolution in the recent past of the total Brazilian exports, the exports generated
by the agribusinesses as a whole and of the meat exports. The total of meat exports has
been growing steadily, representing, in 2006, 6.29% of the total volume of the Brazilian
exports and 17.48% of the total exports generated by the agribusinesses.
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Table 1. Brazil: Total exports, agribusinesses total exports and meat exports.

USS$ 10¢ Y%

Year Total Agribusiness Meat

(@ (b) (0) (b/a) (c/a) (c/b)
1989 34.383 13.921 655 40.49 1.90 4.70
1990 31.414 12.990 615 41.35 1.96 4.73
1991 31.620 12.403 863 39.23 2.73 6.96
1992 38.505 14.455 1.152 37.54 2.99 7.97
1993  38.555 15.940 1.308 41.34 3.39 8.21
1994  43.545 19.105 1.318 43.87 3.03 6.90
1995 46.506 20.871 1.283 44 88 2.76 6.15
1996 47.747 21.145 1.494 44.29 3.13 7.07
1997 52.994 23.404 1.543 44.16 291 6.59
1998 51.140 21.575 1.567 42.19 3.06 7.26
1999 48.011 20.514 1.878 42.73 3.91 9.15
2000 55.086 20.610 1.894 37.41 3.44 9.19
2001 58.223 23.863 2.856 40.99 4.90 11.97
2002  60.362 24.839 3.119 41.15 5.17 12.56
2003 73.084 30.639 4.085 41.92 5.59 13.33
2004 96.475 39.016 6.144 40.44 6.37 15.75
2005 118.308 43.589 8.194 36.85 6.93 18.79
2006 137.470 49.422 8.641 35.95 6.29 17.48

Source: MDIC (Ministry of the Development, Industry and External Trade), 2007.

The Brazilian participation is also relevant in terms of world aggregates.

OECD (2007) data indicate that the world production of meat is concentrated
basically in the United States, European Union, China, Brazil and OAS (Other Asian
Countries - see OECD ( 2007) definitions).

Based on OECD data, those countries and aggregates represented 61% of beef
production in the world, 84% of the pork production and 75% of the poultry production
in the period 1995-2006.

In this same period Brazil was the third world producer of beef and fifth of
poultry and pork and it has by far the largest geometric annual growth rates of poultry
and pork production, overcoming the United States, European Union, China and the
aggregate OAS. Brazil is second in beef growth being dominated only by China.

Using OECD (2007) data Brazilian production rates are 4.70% (£0.27%) for
beef, 7.42% (£1.15%) for pork and 8.83% (£0.34%) for poultry.

In terms of world exports in 2006, Brazil is the largest beef exporter with 2.59
million tons (ABIEC, 2007; FAO, 2007) and of poultry meat with 2.71 million tons
(ABEF, 2007; USDA, 2007).

In terms of pork meat exports Brazil is fourth trailing the European Union,
United States and Canada (OECD, 2007; USDA, 2007).

During the period 1995-2006 (OECD, 2007) Brazil shows the highest rates of
geometric annual growth for beef, pork and poultry exports. The estimated rates are
24.01% (x1.4%) for beef, 30.43% (£ 3.14%) for pork and 20.89% (£1.39%) for poultry.

Finally, looking at meat consumption for the period 1995-2006, Brazil occupies
the third position in beef, the fifth (OECD, 2007) for poultry and the eighth position in
the consumption of pork meat (OECD, 2007).
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3. Partial Equilibrium Models for Beef, Poultry and Pork

The partial equilibrium models we consider for beef, poultry and pork all obey
some variation the following simple structure. The basic model, excluding identities, is
a system with three equations given by

q. = f(p, p,,i, pop,ex,v) + &
q,=8(p, DysTsU)+ &,
ex=k(p,c)+e

where ¢, is the demand function, g, can be considered as the supply function, ex

denotes exports, p is own price, p, is a price vector of substitutes, i is per capita
income, pop is population, v and u are covariates or lagged values of consumption or
production, p, is a vector or index of input prices, 7 is the (Brazilian - Selic) interest
rate, ¢ 1s the exchange rate, and the ¢, are non observable errors. All variables

measured in natural logs.

Relationships are assumed to be linear that all response functions belong to the
Cobb-Douglas family. Prices for beef, poultry and pork are computed dividing the
OECD (2007) price (Atlantic price for beef and pork and USA for poultry) by the USA
consumer price index and multiplying the result by the exchange rate.

Table 2 describes the main variables used in our models. The source information
on annual data is available in the Embrapa-SGE (2007) outlook data base. We used the
period 1995-2006 in our analysis.
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Table 2. Variables.
Variable Description Unity
g Beef domestic consumption 1000 t
p"? Beef price Index (base 2000)
qff@f Beef production 1000 t
g Poultry domestic consumption 1000 t
poultry Poultry price Index (base 2000)
q 5"“1” Poultry production 1000t
q”" Pork domestic consumption 1000t
pr* Pork price Index (base 2000)
q 5""" Pork production 1000 t
q" Corn domestic comsumption 1000 t
pe Corn domestic price SR/t
soybean Soybean domestic price SR/t
g Corn production 1000 t
ex?? Beef exports 1000 t
exPoumy Poultry exports 1000 t
exPk Pork exports 1000 t
ex<™ Corn exports 1000 t
pop Population Number
r Selic interest rate Rate
i Per-capita income Index (base 2000)
c Exchange rate $R/$USD

3.1 The Beef Market
Table 3 shows three stage least squares estimates for the beef market. The

system fitted is given by

The R-square coefficients for these equations are 78.8%, 81.0% and 77.1%,
respectively. The inclusion of prices of substitutes (poultry and pork) did not improve
the model as well as the use of an input price index. All signs have the expected

direction.

g =

7 =g(p
ex’? = k( pb“] , c)+¢&,

b
eefar)—'_gZ

£ (™ ,i, pop,ex”? ) + ¢,
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Table 3. Stata v. 9.2 (2007) output for three stage least squares estimation in the beef
market. Coefficients are elasticities. Variables are in natural logs.

Equation | Coef. Std.Err. z P>|z| [95% Conf. Interval]

+.
+

Demand |
price | -.0795698 .0901464 -0.88 0.377 -.2562536 .0971139
i | .8385947 .4534397 1.85 0.064 -.0501309 1.72732
pop | 1.516324 1.393827 1.09 0.277 -1.215527 4.248175
ex | -.0139864 .1082723 -0.13 0.897 -.2261962 .1982234
_cons | -9.467551 16.15824 -0.59 0.558 -41.13713 22.20203

+.
+

Production |
Price | .4258917 .0620177 6.87 0.000 .3043392 .5474442
r | -.1329021 .0309822 -4.29 0.000 -.193626 -.0721782
_cons | 8.752455 .0280491 312.04 0.000 8.69748 8.807431

+

Exports |
price | 1.779144 .3684521 4.83 0.000 1.056991 2.501297
¢ | .5655277 .1684692 3.36 0.001 .2353341 .8957214
_cons | 5.742627 .1392908 41.23 0.000 5.469622 6.015632

Endogenous variables: demand, production, exports and price
Exogenous variables: i, pop, r andc

3.2 The Poultry Market

The several alternatives we considered for the poultry market did not lead to an
acceptable functional form for the demand equation with proper signs of the
coefficients. For this reason instead of fitting the demand function directly we used the
residual from the OECD demand specification relative to the observed demand as the
dependent variable. The procedure was used to compute the price elasticity. Corrections
for the income and population elasticities in the Aglink formulation were not needed.
The partial equilibrium model for the poultry market is

poultry __ poultry poultry

Qu =S (ex lag(q”™ ) + ¢
poultry __ poultry

g, =g(p

ex?" = k(p""™ , dummy) + ¢,

9r)+82

Here
gl =gl —(=0.62p""" +0.30p" +0.23p""* +0.50i + pop).

The expression inside parenthesis is, but for a constant term, the OCDE/Aglink
specification of the Brazilian poultry demand function. The variable dummy is an
indicator and was introduced to take into account effects of the bird flu (avian influenza)
since 2003.

Since all variables are measured in natural logs the demand price elasticity is given
by

It oultr
dg™" Dex"""
a;;oultry =—0.62+ appoultry

We notice that we did not find significant the input price index in the production
curve neither the exchange rate in the export equation.
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222 Pabie"d ‘shows' three stage least squares for the poultry market. R squares for the
system equations are 80.2%, 85.1% and 87.6%, respectively.

Table 4. Stata v. 9.2 (2007) output for three stages least squares estimation in the
poultry market. Coefficients are elasticities. Variables are in natural logs.

Equation | Coef. Std.Err. z P>|z| [95% Conf. Interval]
Demand (ad) |
ex | -.6546515 .237113 -2.76 0.006 -1.119384 -.1899185

lag(demand) | 3.052756 .7459065 4.09 0.000 1.590806 4.514706
_cons | -24.76871 4.690597 -5.28 0.000 -33.96211 -15.5753

+

Production |
price | .6859795 .1111696 6.17 0.000 .4680911 .9038678
r | -.141178 .1520746 -0.93 0.353 -.4392387 .1568828

_cons | 8.70415 .0492211 176.84 0.000 8.607678 8.800622

+

Exports |
price | 1.174148 .2302334 5.10 0.000 .7228985 1.625397
dummy | .4233061 .1450965 2.92 0.004 .1389222 .7076901
_cons | 6.847382 .074983 91.32 0.000 6.700418 6.994346

Endogenous variables: demand (ad), production, price and exports
Exogenous variables: lag(demand), r and dummy

3.2 The Pork Market
The set of behavioral equations for the pork market is given by

pork __ pork poultry -+ pork

q’" = f(p™",p ,i,ex™”  dummy.) + &,
pork __ pork

q," =g(p™",r)+e&,

exp0;~k — k(ppork’c)+g3

For model specification in the pork market we did not find significant the inclusion
of beef as a substitute. The variable dummy, is an indicator variable shifting the

demand equation since the 2000. We noticed a significant level shift in the demand
curve beginning in 2000. As with the poultry and the beef markets we did not find the
input index significant. It seems that here, as with the other markets, that the interest
rate is capturing the effect of input prices.

Table 5 shows the estimates for the pork market. Apparently we produced here the
best fit of all models. R squares for the equations are 99.3%, 81.5%, and 90.3%,
respectively for domestic demand, supply and exports, respectively.
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Table 5. Stata v. 9.2 (2007) output for three stage least squares estimation in the pork
market. Coefficients are elasticities. Variables are in natural logs.

Equation | Coef. Std.Err. z P>|z| [95% Conf. Interval]

+.
+

Demand |
Price (pork)| -.6128681 .0859218 -7.13 0.000 -.7812718 -.444464  (poultry) | .4640484 .0989525 4.69 0.000
.2701051 .6579917

i | 2.015899 .6078667 3.32 0.001 .8245018 3.207296

exp | -.0907699 .0379113 -2.39 0.017 -.1650747 -.0164652

dummy* | .4294072 .0197073 21.79 0.000 .3907815 .4680328

_cons | 7.795519 .1972089 39.53 0.000 7.408997 8.182041

+

Production |
price | .5548845 .1842352 3.01 0.003 .1937901 .9159788
r | -.4093235 .1397803 -2.93 0.003 -.6832878 -.1353592
_cons | 7.755349 .0572093 135.56 0.000 7.643221 7.867477

+

Exports |
price | 1.354024 .6622609 2.04 0.041 .0560165 2.652031
¢ | 1.398197 .3866709 3.62 0.000 .6403359 2.156058
_cons | 4.345381 .2128276 20.42 0.000 3.928246 4.762515

Endogenous variables: demand, production, exports and price
Exogenous variables: price (poultry), i, r, and ¢

5. A Simulation Exercise

We now use the results of Section 4 to simulate the meat market model in two
instances. Firstly we produce an outlook for demand, supply, exports and prices for
three years ahead. The results are compared with the OECD/Aglink values. Since the
models are different as well as the assumptions made on key macroeconomic variables
we do not expect a close agreement of these figures. Secondly we inspect the effect of a
1% increase in corn price on the poultry and pork markets.

The assessment of such impact has been of concern lately due to a suspected
substantial shift of corn production to ethanol production in the United States. The
action will very likely increase corn price with a spill over effect on the corn, poultry
and pork markets in Brazil. The analysis we set forth in this context is ceteris paribus
since we keep constant per capita income, the interest rate, the exchange rate and the
demographics.

The outlook for the meat market is shown in Table 6 in log form. Aglink/OECD
forecasts are also shown. For the poultry market we found best to estimate the quantities
consumed via the supply function. The supply function was estimated using three stage
least squares replacing the production curve by the supply function in the analysis. The
equation fitted, in log form, is

g™ = 0.446 "™ —0.171r +8.496 R2=88%
(0.074)  (0.111) (0.033)

We see in Table 6 that, although the values are somewhat in the same order of
magnitude, our outlook is consistently lower than the OECD/Aglink outlook. This is
due to model differences and to the assumptions imbedded in the forecast of the
exogenous variables in use. Typically we use state space forecasts of the economic
aggregates which lead to more conservative (lower) estimates. We are using the value
2.2 for the exchange rate in 2009 and OECD 2.48. Another example is income. We

9
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assume’ ‘2" 2% “incréase in per capita income during the period 2007-2009 and
OECD/Aglink 4.9%.

Table 6. Model Simulations and the OECD/Aglink Outlook. BF, PT, and PK denote
abbreviations for the beef, poultry and pork markets. All variables are logs.

VAR OECD/07 MODEL/07 OECD/08 MODEL/08 OECD/09 MODEL/09
BF-Demand 8.887 8.890 8.942 8.916 8.992 8.941
BF_Production 9.144 9.047 9.196 9.054 9.240 9.061
PT-Demand 8.821 8.646 8.832 8.664 8.845 8.682
PT_Production 9.169 8.902 9.196 8.916 9.228 8.930
PK-Demand 7.799 7.855 7.848 7.903 7.850 7.950
PK-Production 8.010 7.980 8.056 8.005 8.067 8.030
BF_Price 0.710 0.612 0.738 0.592 0.759 0.573
PT-Price 0.267 0.237 0.255 0.233 0.273 0.230
PK-Price 0.279 0.213 0.264 0.174 0.328 0.134
Income 0.096 0.085 0.121 0.095 0.145 0.105
Population 12.162 12.159 12.174 12.169 12.187 12.179
BF-Exports 7.684 7.277 7.729 7.242 7.751 7.207
PT_Exports 7.945 7.549 8.010 7.545 8.083 7.540
PK_Exports 6.355 5.736 6.384 5.683 6.438 5.629
Exchange rate 0.856 0.788 0.881 0.788 0.909 0.788

To assess the impact of corn prices in the pork and poultry markets we use a
transfer function approach, regressing, via three stage least squares, the prices of pork
and poultry on the price of corn. These equations were estimated adding the
corresponding equations to the respective market equations. This procedure avoids
spurious regressions (Johnston and Dinardo, 1994).

The equations estimated are

prm = 0.864p"" —4.467 R2=76%
(0.137)  (0.730)

for poultry prices and

PPt =0.645p°" —3.332  R2=79%
(0.094) (0.497)

for pork prices.

Using the chain rule one obtains, for the poultry market, the following partial
derivatives for domestic demand, production and exports, respectively. These
derivatives serve the purpose to estimate the impact of an increase in corn price in the
poultry market. Similar expressions may be worked out for the pork market.

10
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poultry poultry poultry poultry pork poultry poultry poultry
aqc = aqc oult X ap aqc ork X 6p corn aqc oultr 66x oultry Gp corn
op oap™""  Op op” op Oex?™  gpr™™ op
It oult
aqpou Ty aqP Ty a poultry
P P
= X

corn corn

P

o pcom - o ) poultry o pcom
dex""™  Qex y op
apcorn ap poultry 6pc0rn

poultry poultry

First we analyze the poultry market. Based on the estimation results of Table 4,
the expected decrease in the domestic demand for poultry resulting from a 1% increase
in corn price is estimated by

poultry
agc = 0.62x0.865+0.23x0.645—0.655x1.174x0.865
P

=-1.053%

Using the system of equations which led to the transfer function parameter the
estimate would be -1.14%. Therefore we could reasonably expect a decrease in the
range -1.14% to -1.05%.

For production the expected increase is

8 poultry
D _0.686x0.865
apcnrﬂ

—0.539%.

Using the alternative system the figure is 0.728% and the range for increase in
production is somewhere between 0.539% and 0.728%. For exports we get an increase
of

poultry

=1.174x0.865

oex

op

corn

=1.016%.

The appropriate increase of exports will likely be in the interval from 1.016% to
1.310%.

The same order of ideas applied to the pork market leads to the ranges
(-0,088%, -0.074%), (0.358%, 0.431%), and (0.873%, 1.017%) for domestic demand,
production and exports, respectively.

6. Summary and Conclusions
This article presents descriptive statistics related to the world meat markets
emphasizing the Brazilian participation. From this analysis we conclude that the
Brazilian share in the meat market is growing steadily. Meat exports represent a
significant percentage of the total exports in Brazil generated by the agricultural sector.
This profile justify the effort made by Brazilian institutions to derive
econometric models not only capable to produce reliable forecasts but also adequate to

11
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“asseds the effects of exogenous shocks and of specific policies affecting the market. We

seemed to have achieved this objective for the meat market. Even with the small
number of observations available we were able to define models in accordance with
economic theory and supported by the data.

These results, for this kind of application, are original in Brazil.

To illustrate the use of the estimated system of equations we simulated the
structure for the near future and compared the results with the OECD/Aglink
predictions. Our outlook is consistently more conservative. Here we should stress the
fact that long run forecasts are meaningless since it is almost impossible to predict the
evolution of key macroeconomic variables like per capita income, inflation, interest
rates and exchange rates far into the future.

Both, time series and structural models will inevitably produce confidence
intervals so large that they will not be of practical use. As far as OECD’s Aglink
outlook is concerned, as Gazzola et al. (2006), we think that the Brazilian data do not
support the corresponding computable partial equilibrium model.

Finally in regard to the study of shocks we considered the effect of a 1% price
increase in corn price in the poultry and pork markets. Besides the purpose of
illustration, the estimation of the expected impact of an increase in corn price is of much
interest to corn, poultry and pork producers, since corn is an important component of
the production costs of poultry and pork.
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