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ABSTRACT 

The objective of this work is to analyze the long-run relationship between 
series of prices in some of the main export markets and Brazilian prices 
for cotton, rice and com. Our aim is to verify if reductions in trade barriers 
favored by changes in the internal/ external commercial relationships, as 
well as in the internal commercial and sectorial politics, were adequate to 
integrate the considered markets, as established by the proposition of the 
Law of One Price. The technique of cointegration time series developed 
by Johansen (1988) was used to decompose the long-term relationships 
in terms of tests on the alpha parameters (adjustment coefficients) and 
beta (importance of each variable in the long term adjustment process). 
The obtained results were not uniform in the sense of offering support to 
the proposition of marketing integration. For the rice and com models, 
one cointegration vector was obtained. Relations of cointegration could 
be evidenced only between Argentina/ Rotterdam for the com model, and 
Bangkok/ Uruguay and Uruguay/ Brazil for the rice model. As for cotton 
no integration relationship was evidenced. 
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1. Introduction 

In the nineties, the globalization and economic integration events, 
and the internal market reforms, with the objective of promoting foreign 
trade (mainly by reducing tariff barriers), as well as the reduction in the 
extension of agricultural politics (due to the exhaustion of the public 
expenses model virtually in use for the sector until the mid-eighties) have 
been propitiating important qualitative changes in the economic 
environment in which the agents operate, involving reductions in the costs 
of trade, as well as in arbitration costs between countries. 

At present, it is argued that the increase in external competition 
would have contributed to widespread a new crisis in some segments of 
the agricultural sector3. This fact has caused a flagrant connection between 
the evolution of prices of domestic consumed products and the fluctuations 
of international prices, as a consequence of the combination of changes in 
both the international and national economic scenarios ( due to the 
commercial opening and marked appreciation in the Brazilian currency). 

The present work is intended to find out to what extent the internal 
and external prices of products directed to the internal market and products 
of which Brazil operates in the international market as an importer, have 
presented a long period of common behavior, once, in along this decade, 
Brazil has been as an important net importer from countries of Mercosur 
as well as from the world market. 

Therefore the empirical analysis will follow the cases of the corn, 
rice and cotton. We intend to infer specifically if the existence of long run 
relationships between the internal and external prices is enough for the 
markets to be characterized as being spatially integrated. In this context, 
integrated markets are usually those in which prices are determined in an 
interdependent way (Faminon and Benson, 1990) in the sense that price 
changes in a market are transmitted to the prices in other markets. 

In international relationships, the proposition of the Law of One 

3These worries represented the chief themes in the debate occurred in the National Seminar on Rural Revenue and 
Employed in Agriculture (Commission of Agriculture - Chamber of Representatives, September, 1997). 
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Price (LOP) in the concept of integrated markets, which in the absence of 
barriers to trading the arbitration mechanisms will guarantee that the 
price of a very homogeneous commodity in different countries, expressed 
in common currency, cannot differ in a value that is higher than the 
transaction costs. That relationship can be interpreted as a relationship 
that becomes true in the long term, without excluding the possibility that 
deviations may happen in the short term. 

2. The world markets of rice, corn, cotton and the Brazilian 
imports 

In the world com market, the United States stands out as the largest 
producer. Brazil, however, occupies the third place in world production, 
with an output of around 31 million tons, but has been falling back in its 
production, having to import systematically to complete the internal 
provisioning, with an imported quantity representing around 5% of the 
consumption needs in 1998. Among the main com suppliers to Brazil, 
Argentina stands out as the largest one, with a participation of around 
41 % on the total of Brazilian imports; 41 % from 1994 to 1997 and 89% 
in 1998 (on average)4 • 

The participation of other exporters, as the United States and the 
European Union is decreasing, whereas Paraguay, which did not export 
to Brazil until the beginning of the decade, participated with about 9% of 
the Brazilian imports, on average, from 1994 to 1997. 

In the world rice market, Brazil stands out as a net importer, holding 
the third position in the ranking of the largest importers. The participation 
of imports for domestic consumption has been of around 14% in the 1997 / 
98 crop and of 11 % in the 1998/99 crop. Up to 1990, when the Brazilian 
market was protected from foreign competition by high import tariffs, 
Brazilian imports were basically from Asian countries and from the United 
States. With the consolidation of Mercosur and the opening of the Brazilian 

4This data are from National Company of Provisioning (CONAB). 
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economy to the external trade, Argentina and Uruguay increased their 
participation in the domestic Brazilian market from 52% in 1991 to 91,7% 
in 1997. 

The world production of cotton, around 22,2 million tons, has the 
United States, India and China as the largest producers. In Mercosur, 
Argentina is the largest producer and one of the ten largest ones in 
international market in the commodity. The collapse of the Eastern 
Europe's and the old Soviet Union's economies are factors that imprinted 
a strong tendency on falling prices. In the domestic market, the productive 
segment of this crop was one of the most affected ones by world commercial 
opening, since batting cotton tariffs were brought down to zero in 1990. 
Additionally, the credit conditions on practice for imports in foreign market 
contributed to its strong internationalizing trait. In this context, the 
proportion of Brazil's import volume for domestic consumption grew 
from 9,7% in 1988 to about 60% in the 1992/93 crop and also in 1996/ 
97. 

3. Data 

Monthly data series were used, covering the period from January 
1990 to June of 1998. The data series were chosen by taking into account 
some of the largest export markets in each commodity and the chief 
Brazilian importers from Mercosur. 

The price series selected were as follow: on corn: Argentina (FOB 
Buenos Aires), Paraguay (FOB Assuncion), United States (Chicago -
first delivery future price), Rotterdam (CIF origin in United States), and 
Brazil (FOB Parana). On rice: Brazil (Parana whole sale), Argentina 
(FOB Buenos Aires), Uruguay (FOB Montevideo) and Thailand (FOB 
Bangkok);· on cotton: A and B Indexes quoted in the Liverpool market, 
Brazil (FOB Santos) and New York (first delivery future)5 • 

The data sources are the National Provisioning Company 

5 Index A is the average price of the 5 cheapest origins out of the 14 best ones in terms of quality, while Index Bis the 
average Of the 3 cheapest origin out of 8 different origins considered as the worst ones in terms of quality. 
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(CONAB) for the corn prices series in Brazil and Chicago, cotton series 
in New York, rice series in Bangkok and cotton series in Brazil. Other 
sources were from the Ministry of the Agriculture, Livestock and Fishery 
of Paraguay ( corn series Paraguay), Ministry of the Agriculture, Livestock 
and Fishery of Uruguay (rice series - Uruguay), the National Institute of 
Statistics and Censuses of Argentina (INDEC) for Argentina series of 
(rice and corn) and the Department of Agriculture of United States (USDA) 
for the Rotterdam corn series. A and B indexes for cotton's international 
prices are present in cotton outlook of Liverpool. All the price series were 
expressed in reais (Brazilian currency), using for its conversion the nominal 
currency exchange rate (real-dollar). 

4. The analytic model 

The L.O.P. expresses a relationship of long-term balance among 
the prices established in two or more different markets. For a price change 
in the price in one market there is a change in the balance price on the 
other related markets. The basic relationship used expresses L.O.P. for 
two different countries as: 

( 1 ) 

where P. and P. are the prices of a certain commodity in the markets of 
II JI 

two countries i and j, for a period of time t. 
In cases where the temporary series are not stationary (because 

they have a unit root) when considered individually, but a linear 
combination between the same ones being stationary [ or integrated of 
order zero- expressed by I(0)], the cointegration identification is obtained 
among the variables, in a way as to get a stable relationship in long term, 
Engle and Granger ( 1987)6 • Tests of unit roots for the individual series 
involved in each model should be completed before cointegration tests 

6 For detailed approaches on this methodology see Hamilton (1994) or Harris (1995). 
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presented as follows. 

4.1. Determination of the integration order - unit root test 

Stationary series present both, average and variance constants 
through time. The number of times a series should be differentiated 
(L1yr = Yr -Yr) to become stationary can be indicated by the integration 
order of a variable (or for the number of unity roots). In this work the 
procedure used was the standard unit -root tests (Dickey Fuller) based 
on the following regression: 

k - I 

I),_ y t = a + /3 t + YY t-1 + L r i I),_ y t- i + £ t ( 2) 
i = I 

and 

where k is the order of the auto-regressive process that describes the 
behavior of the temporary series and it should be sufficiently high to 
assure that the residuals are not correlated, r is the root associated to the 
variable dependent. Y denotes the dependent variable and L1 denotes the 

difference operator. For the choice of a k value a general specification 
was assumed, with 12 lags on the dependent variable, and successive 
adjustments being taken to include the lag numbers that result in smaller 
values for the Akaike's approach, according to Luthekpohl (1991). 

The parameters to be estimate are the a, f3, y e y. The statistics --c, 
'· 

'tµ and 't, presented by Dickey & Fuller ( 1981) correspond to test t for the 
estimate of the y 1_1 variable coefficient in equation (2). Those statistics 
are specified for a model such as (2), but they differ in the deterministic 
components they contain. This way, --c, tests the significance of that variable 
for the model that includes a constant and a tendency, just as represented 
in (2) and from here forward designated as model I. Thus, the statistics 
<1>3 and <l\ provide verification respectively for the joint hypothesis: i) 
existence of unit root without tendency but with a possible term of intercept 
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( <l> ), and ii) existence of unit root and a term of intercept. Statistical i-~, 

tests only the significance of the tendency term. 
Statistical 'tµ tests the significance of y1_1 in the model only with 

constant (here denominated model II); in the same model, the <l> 1 test the 
hypothesis of the presence of unit root and non existence of an intercept 
and 'taµ only tests the significance for the term of the intercept; also 
statistical i- tests the presence of a unit root in the model without 
deterministic components (here designated as model III). The hypotheses 
tested in all three models correspond to a null hypothesis that the series is 
not stationary [H0: Yt is not 1(0)]; against the alternative hypothesis that 
the series is not integrated, or else, it is a stationary series [H 1: Y tis 1(0)]. 

4.2. The Johansen procedure for cointegration 

Suppose the vector of p variables (p x I), represented as the 
expression Z = (Z1t,···,ZP1) in price variables in the approached countries 
- being considered that this vector assumes the following auto-regressive 
process (VAR) of K order which is written as an Vector Error Correction 
Model expressed through a matrix - adopts the following form: 

11 z t = r I /1 z t-1 + ... + r k-1 11 z t-k+I + n z t-k + 'P D t + µ ' + £ I ( 3 ) 

Where D1 are dummy variables that take into account shocks of short run 
and seasonal dummies, recommended when the data present smaller 
periodicity than the annual; µ1 represents the constant term and 1\ is a 
vectorial p x I of random errors distributed identically and independently. 

This form of specification of the system contains information on 
the adjustments of short and long run for changes in Zt, through estimates 
of I'. and IT respectively (Harris, 1995, p.77). Matrix IT is of order p x p 

I 

and it embeds information about long run relationships among the 
variables. It is formed by the product of matrix a and B, [IT = a Wl, 
being a the adjustment speed to a given unbalance (also called matrix of 
coefficients adjustment) while B is a matrix of long run coefficients or 
cointegration matrix. Both matrices a and B have dimensions p x r, where 
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r is the number of cointegration relationship. 
If the linear combinations expressed by 13'Z1 are stationary, the 

rank of IT is given by r ~ p, where r determines the number of distinct 
cointegrating vectors that can exist among variable p included in the 
system. The nullity hypothesis is expressed by: H0: rank (IT) ~ r or 
IT= al3'. The Trace test is applied to verify the existence of the maximum 
number (r) of cointegrating vectors, and the test of Maximum Eigenvalue 
shows the existence of exactly r vectors of cointegration against the 
alternative of existence of r+ 1 vectors. Both are defined by: 

p A 

The Trace Test= -T L,ln(l-A ) with r = 0,1,2, ... , p-1 ( 4) 
i=r+I 

The Maximum Eigenvalue Test = - T ln(l - .,tr+!) ( 5 ) 

Being T the number of observations and 1; the estimated eigenvalues.The 
critical values for the statistical tests used in this work are presented in 
Osterwald-Lenum (1992). 

4.3. Tests of hypotheses on the parameters a and (3 

Tests of hypotheses on the parameters beta and alpha allow to 
formulate and to test more consistent hypotheses in the economic point of 
view. They are presented and discussed in Johansen and Juselius (1990 
and 1992) and they have not been much applied in recent researches. 
Among the works that applied them are Larue and Babula (1994 ), Lopes 
(1996), and In and Inder (1997). 

Matrix 13 presented above contains the p coefficients in each 
cointegration relationship. 13; characterizes the relationship that must be 
assured between the variables when in a long-run equilibrium. They can 
be regarded as the relative amounts by which the level of each cointegrated 
variable must converge as the system re-balances or "error-corrects" itself 
after a shock, towards the long-run-balance pattern (Larue and Babula, 
1994). 
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The hypotheses on parameters beta are as follows (Johansen and 
Juselius, 1990): H1: B = Hep, where H represents a matrix of dimensions 
(p x s) and s represents the number of coefficients B that are not restricted 
[alternatively matrix H*is defined when the cointegration model contains 
a constant term (Johansen and Juselius, 1990, p.172)]. Matrix <p (s x r), 
with parameters that should be estimated with r cointegration vectors. 
The likelihood test reason is given by the expression: 

* ~r =TLln[(l-X i)/(1-A)] with i = 1, ... , r ( 6) 

The presence of asterisks (non-asterisks) generates models with 
(without) the restriction imposition in the tests. In this case, the analysis 
involves a space I(0), conditioned to a number of cointegration 
relationships (r) previously selected. 

This research tests two key hypothesis associated to those 
parameters B: i) it tests for the relevance of each variable in the 
cointegration space ( exclusion of the variable of the cointegration space) 
and, ii) among the variables whose tests on the previous hypothesis pointed 
to the permanence in the cointegration space, it should be tested if the 
integration degree among the markets is high enough as to conclude that 
the markets are perfectly integrated and, therefore, that the Law of One 
Price is effective. 

The perfect integration of markets can be expressed in two different 
ways. The first one consists of defining as perfectly integrated markets 
those where a representative price exists for a group of markets as a 
consequence of the arbitration actions on prices in the international market. 
In this sense, the existence of a representative price for a group of markets 
is associated to the presence of multiple cointegration vectors, according 
to Goodwin (1992) and Lopes (1996). Rivera and Helfand (1999) note 
that the existence of trade flows connecting n places, and the presence of 
cointegration relationships, specifically with n-1 cointegration 
relationships, supply enough conditions to say that the involved markets 
are characterized as integrated markets. 

A second interpretation consists of defining perfectly integrated 
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markets as those where a variation in the price of one market is transmitted 
to the rest of the markets in a complete way. If in a context of multiple 
variables, for example, as in the case of the model for rice, variations are 
verified in the prices of the Argentinean marketthey are completely 
transmitted and, in the same proportion to Brazilian market, it is assumed 
that the balance in long term can be represented by the expression: 

{3 1 Z t = /3 Ban p Ban ,t + /3 Br p Br ,t + /3 Uru p Uru ,t + /3 Arg p Arg ,t ( 7 ) 

where the subscript associated to the coefficients oflong run and prices, 
Ban, Br, Uru and Arg refer respectively to the coefficients and prices of 
the series of Bangkok, Brazil, Uruguay and Argentina. For the variations 
in prices of Buenos Aires's market, in Argentina to be completely 
transmitted and in the same proportion as the Brazilian market, it is 
assumed that the elasticity of the second in relation to the first should be 
as one. Taking in consideration that the variables are in logarithms and 
that in the equilibrium f3'Z=O the result is: 

aP Brasil 

a p Argentina 

P Argentina 

Ps,asa 

- {3 Argentina 

/3 Brasil 

1 

Therefore, the perfect integration of the markets will be verified if 
~A 1. = - ~8 .1• In this case, the cointegration vector can be represented 

rgen ma raz1 

in the following way(*, -1, *, 1, *), where the parameters are exposed 
obeying the following disposition: Bangkok, Brazil, Uruguay, Argentina 
and intercept term. The asterisks indicate that the corresponding parameters 
~; are not restricted. In this context, the perfect integration among equal 
markets is tested starting from the following general hypothesis: 
Ho: ~; = -~i (i+':j ) 

Matrix H* for the particular case of the perfect integration test 
among the Argentina and Brazil markets is expressed by (8). An alternative 
form of representing this hypothesis consists of formulating the 
cointegration vector in the way (0,-1, 0, 1, *), in which the other 
cointegration parameters were equaled to zero (the asterisk represents the 
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constant term). In this case, the test points to existing relationship in 
Argentina and Brazil market prices forming a stationary relationship in 
themselves and forming a separated system in which the other prices do 
not intervene. This test is made by means of the definition of main H* in 
(9): 

0 1 0 0 0 0 
-1 0 0 0 -1 0 

H*= 
0 0 1 0 

( 8 ) H*= 0 0 
( 9 ) 

1 0 0 0 1 0 
0 0 0 1 0 1 

The hypotheses concerning the alpha parameters ( or coefficient of 

adjustment speed) can be represented in two ways: 
a=A<j) or (B'a=O) (10) 

where it is A is a matrix (p x m) and m is the number of non- restricted 
coefficients; <j) is a matrix (m x r). This same hypothesis can be expressed 
in the exposed way in parentheses for specifying a matrix B of dimensions 
[p x (p - m)] such that B' A= 0 and (p-m) equals the number of lines of 
restrictions imposed on a. The likelihood function for the test to this 
hypothesis can also be represented by expression (6) where the estimated 
eigenvalues are generated with (without) the restrictions imposed to 
parameters a. 

Parameters alpha provide two types of information depending on 
its significance and magnitude. The significance indicates that the variable 
price (to which the parameter is associated), is not a weak exogenous in 
relation to long-run parameters~- The weak exogenous variable means 
that the same does not react according to changes in the long term 
relationship equilibrium. The magnitude of parameter a indicates the 
adjustment speed of the respective variable price associated to it, directed 
to the long run equilibrium. A small value of alpha indicates that, facing 
a situation of transitory unbalance, the respective variable price is adjusted 
slowly to return to the pattern of long run balance. A high coefficient, on 
the contrary, indicates that this it is quickly produced (Harris, 1995). The 
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individual significance of the parameters alpha, is tested starting from 
the formulation of the null hypothesis: H0:cxi=O;being matrix B' for the 
particular case of the test H0: cxBraziI = 0 in the rice model: B' = [O 1 0 O]. 

A second possible hypothesis consists of verifying the equality of 
parameters cxi' or, the ones equivalent, the equality in the answer speed of 
the different variables, in a situation of short run unbalance of in the 
adjustment process to the long run pattern. The null hypothesis is as: 
H0: a.i = a.i (i # j) . Matrix B', for example, adopts the following form: 
B' = [0 1 0 -1] to test the hypothesis Ho: (XBrazil = (XArgentina' 

5. Results and discussion 

5.1. Tests of unit root 

The tests of unit root for the corn and rice series will be found in 
Table 1, and for the cotton series in Table 2. In these tables, models (I), 
(II) and (III) are those presented in the methodology. 

For the corn series, the results enable us to verify that the series of 
Paraguay prices are stationary and will be excluded from the cointegration 
relationship, while all the others are not stationary and integrated of order 
one. 

In the case of the series of prices for rice, although the statistical --r, 
and 'tµ (at 5% of significance) and <)>2indicate the possible stationarity of 
the Brazil series, the results of statistics <)>3 and <)> 1 for this series do ·not 
let us reject the joint hypothesis of the existence of unitary root without 
tendency and a possible intercept term, so that it cannot be affirmed in an 
unequivocal way that this series is stationary. In the context, it is considered 
that all series, including Brazil series, are not stationary and integrated 
of order one 

The results of the unity root tests for cotton prices series reveal 
that the New York and Index A series are stationary. In the context, Index 
B and Brazil series will be considered in the cointegrating analysis. 
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Table 1 - Results of the tests for unitary root for the com and rice series 1990 /01 - 1998/06 

MO STATIS Critical values SERIES OF CORN PRICES" 
DEL TICAL 

(5%) (1 %) Argen- Chica- Rotter- Para- Brazil 
tin a (l) go (4) dam guay (2) (7) 

(l) 

I 'ti -3.45 -4.04 -3.44 -2.75 -2.96 5.oo· -3.38 

<p3 6.49 8.73 4.17 2.61 3.15 8.97** 4,13 

'ti3t 2.79 3.53 -2.89* -1.72 -2.58 4.49** -3.13* 

<1>2 4.88 6.50 6.20· 3.79 4.64 13.44** 5.73· 

II 'tµ -2.59 -3.51 -1.93 -2.11 -1.57 - -1.22 

'taµ 2.54 3.22 5.15** 2.06 1.54 - 1.13 

<1>, 4.71 6.70 1.91 2.38 1.32 - 1.17 

III 't -1.95 -2.60 1.55 0.68 -0.52 - -1.02 
II nas 'tµ -3.45 -4.04 -7.16 .. - - - -
t..t.. Y, 4.69** 
III 't -1.95 -2.60 - -7.16** 6.45** -
t..t..Y, 

1 / the number in parentheses refers to the order of lags order used in the regression 
The * indicates that the null hypothesis is rejected at 5%; * * they indicate rejection at 1 %; dd Yt 
represents the suitable model obtained through second differences. The critical values are found 
in Dickey and Fuller (1981, p. 1062-1063). 



Tabela 1 - continuation 

MODEL STATISTICAL Critical values SERIES OF RICE PRICES" 

(5%) (1%) Bang-kok Brazil Uruguay Argentina 
(3) (1) (1) (2) 

I 'rt -3.45 -4.04 -3.35 -3.83. -2.05 -3.56. 

<j)3 6.49 8.73 3.75 5.08 1.48 4.41 

't~t 2.79 3.53 -2.26 -2.69 -1.62 -3.34* 

<!>2 4.88 6.50 5.61* 7.56** 2.13 6.60** 

II 'tµ -2.59 -3.51 -2.41 -2.71' -1.26 -1.34 

'taµ 2.54 3.22 2.40 2.67* 1.22 1.32 

<!>, 4.71 6.70 2.93 3.74 0.88 0.91 

III 't -1.95 -2.60 1.20 1.09 -0.53 -0.24 

II nas 'tµ -3.45 -4.04 - - - -6.19·· 
MY, 9.98** 
III 't -1.95 -2.60 -4.51 ** - 7.78** -6.21 ** 
MY, 

I I the number in parentheses refers to the order of lags order used in the regression 
The * indicates that the null hypothesis is rejected at 5%; * * they indicate rejection at I%; 
~~ Yt represents the suitable model obtained through second differences. The critical values 
are found in Dickey and Fuller (1981, p. 1062-1063). 
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Table 2 - Tests of unitary root (Increased Dickey-Fuller) for cotton 
series,1990/01 - 1998/06. 

MO. ESTATIS1C Oitical values Au Bi, New Brazil1' 
DEL 

Index Index York11 Santos (5%) (1%) 

(4) (9) (2) (2) 
I 'ti: -3.45 -4.04 -4.08~~ -2.63 -4.4C -2.45 

<P3 6.49 8.73 5.85 2.98 6.49* 2.01 

't13-t 2.79 3.53 -3.73** -2.75 -3.58** 0.43 

<l>i 4.88 6.50 8.39** 3.88 9_74** 3.01 
II 'tµ -2.59 -3.51 - -0.41 - -2.42 

'taµ 2.54 3.22 - 0.36 - 2.43 

<1>1 4.71 6.70 - 0.63 - 2.96 

ill 't -1.95 -2.60 - -1.07 - -2.12 
m 't -3.45 -4.04 - -5.52·· - _3_07·· 
series 
nas 
MY, 

1 Value in parentheses indicates the number of lags used in the regression. * indicates 
that the null hypothesis is rejected at 5%, **indicates rejection at 1 %. !:l!:l Y, represents 
the suitable model obtained through second differences. The critical values meet in 
Dickey and Fuller (1981, p. 1062-1063). 

5.2. Cointegration, tests 

The empirical analysis start from the formulation exposed in (3), 
with four equations for the corn case, 4 equations for the rice case, 2 
equations for the cotton series. 

The election of the lags numbers (k) of the model took into account 
the approach of Akaike for multivariate models. The results indicated 
that, for corn, the approach of Akaike is minimized with 3 lags, for cotton, 
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with 2, and for rice, with 12 lags. Eleven centered variables dummies 
were also placed in the model for rice and cotton, developed to take in 
consideration the stationarity presence in the short run space7 • 

In Table 3, the results of the statistical A-Max and test line are 
presented. The results reveal that the system formed by the com and rice 
prices contain an only cointegrating vector that is equivalent to saying 
that in each system of prices a column of B forms an independent and 
stationary lineal combination of variables in Zt, with 3 non-stationary 
vectors (p - r) in the case of com and 3 in the case of rice. In the model 
formulated for the cotton series, the results presented in Table 4 show 
that there is no cointegrating relationship among the two considered series, 
which are Index B and Brazil. 

On the· number of cointegration relationship found, for Dickey, 
Jansen and Thomton(1994), cointegrating vectors can be understood as 
representing constraint on economic system which imposes a barrier on 
the movement of the variables in the system in the long run. Thus, more 
cointegrating vectors make the system more stable being, therefore, 
desirable that an economic system is stable in as many directions as 
possible. On the other hand, when only a cointegrating vector is had in a 
system with variable p, the system can float around p-1 to independent 
directions but only one is stable. 

7 This procedure was also used by Johansen and Juselius (1992) to be given on a quarterly basis, In and lnder (1997) 
and Lopes (1996) for monthly data. 
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Table 3 - Cointegration tests results for the corn models and rice, 1990/98 
Corn series Rice series 

Ho,r Eigen- A-Max Critical V. Trace Critical V. Eigen- A-Max Critical V Trace Critical V. 
value ( 95%) test ( 95%) value ( 95%) test ( 95%) 

0 0.40 50.33 28.14 77.84' 53.12 0.32 34.60 28.14 63.3C 53.12 

1 0.15 15.65 22.00 27.52 34.91 0.18 17.65 22.00 28.71 34.91 

2 0.10 10.80 15.67 11.86 19.96 0.08 8.08 15.67 11.06 19.96 

3 O.Ql 1.07 9.24 1.07 9.24 0.03 2.98 9.24 2.98 9.24 

The critical values are taken from Osterwald-Lenum (1992) 

Table 4 - Cointegration tests results for cotton series (1990/98) 
Ho: r Eigenvalue J...-Max Critical value Trace test 

( 95%) 

Critical value 

( 95%) 

0 

1 

0.022 

0.002 

2.20 

0.21 

15.67 

9.24 

2.41 

0.21 

The critical values are taken from Osterwald-Lenum (1992) 

19.96 

9.24 
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5.3. Tests of hypotheses on the alpha and beta parameters 

Analyzing, initially, the significance of beta parameters for 
cointegrating vectors, that is to say, the hypotheses that the f3i = 0, the 
rice model presents the indication of non-rejection to this hypothesis for 
the Argentina series (Table 5) only. In the corn model, the same result is 
evidenced for the Brazil and Chicago series. This indicates that the changes 
of prices in Brazil and in the future market of Chicago in the case of corn, 
as well as the levels of prices in the Argentinean rice market, they are not 
significantly important in the establishment of the pattern of balance in 
the long run among the other markets considered in the analysis. It also 
indicates that prices impacts in these markets are not capable of promoting 
significant adjustments in other prices considered in the analysis. 
Therefore, such variables can be excluded of the long run relationship. 

As follows, the hypothesis of perfect integration is analyzed among 
the markets for which the statistic tests lead to the rejection of the nullity 
hypothesis for the respective beta parameters. Without imposing any 
restriction to other not tested beta parameters, the results do not allow us 
to reject the null hypothesis of perfect integration between the Argentina 
and Rotterdam markets in the corn model, as well as between the Thai 
markets (Bangkok) and Uruguayan and between the latter and the Brazilian 
markets, in the rice model. That is to say, these two markets can be 
considered perfectly integrated, in the sense that alteration of prices in a 
market is completely turned over to the other. 

In the case of com model, the evidence of perfect integration between 
the market exporters from Argentina and Rotterdam is not altered when 
zero restriction is placed on the other not tested beta parameters, that is, 
for these markets, the Law of the One Price is perfectly verified. For the 
model involving the rice series, on the other hand, when zero restrictions 
are introduced to the other untested beta parameters, the results lead us to 
the rejection of the hypothesis of perfect integration among the Bangkok/ 
Uruguay and Uruguay/Brazil markets (Table 5). It can be said in this 
case, that such markets do not form a stationary relationship to each 
other independently of another markets, that is to say, these sets of markets 
are perfectly tuned in a context in which the other prices intervene. 
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N 
0 ...... 

Table 5 - Tests on the significance of the f3 parameters and perfect integration among sets of markets. 
Corn and rice series, 1990/98. 

Model for com series 
Likelihood Critical 

ratio Value 

Ho x2 (5%) 

BBrazil = 0 0.07 3.84 

Bchicago = 0 1.07 3.84 

BRotterdan= 0 5.34* 3.84 

BArgen = 0 22.13* 3.84 

B Argent. = - BRotterd II_ 0.55 3.84 

B Argent. = - BRotterd. 
2/ 2.08 5.99 

1 / without restrictions in the not tested beta parameters 
2 / restricting the other parameters b to zero 

Model for rice series 
Likelihood ratio Critical Value 

Ho x2 (5%) 

BBrazil = 0 9.09* 3.84 

BBangkok = 0 16.28* 3.84 

Buruguay. = 0 6.84* 3.84 

B Argentina = 0 0.76 3.84 

BBangkok= -BBrasil 
II 12.77* 3.84 

Buruguay = -BBrasil 
II 0.17 3.84 

Buruguay = -BBrasil 
2/ 25.68* 7.81 

BBangkok= -Buruguai 
II 0.05 3.84 

BBangkok= -Buruguai 
2/ 24.73* 7.81 



N 
0 
N 

Table 6 - Tests on the significance of parameters a( exogeneity tests) 
I model for the series of com 1990/98. 

Without restriction on With restriction 
Parameters B B Argentina = - BRotterdam 

Likelihood ratio Critical Likelihood ratio Critical 
Ho Values Values 

x2 (5%) x2 (5%) 

aArgen= 0 6.17 3.84 6.39' 5.99 

aBrazil = 0 18.60* 3.84 19.46* 5.99 

<Xchicago = 0 1.48 3.84 1.76 5.99 

aRotterdam = 0 2.34 3.84 3.10 5.99 

aBrazil = aArgentina 15.06* 5.99 3.74 5.99 

aRotterdam= aArgentina 0.71 5.99 1.14 5.99 

2 I conditioned to f3Brazil = 0 
3 / conditioned to f3Chicago = 0 

Otherrestrictions 

Likelihood ratio Critical 
Values 
x2 (5%) 

18.91 *Z/ 5.99 
2.01 31 5.99 

15.1021 5.99 
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The results for the alpha parameters tests are discussed as follows. 
In the pattern model of balance in corn prices, Chicago and Rotterdam 
variables are revealed weak exogenous (Table 6). In the case of the first 
series, the non significance of the beta parameter previously verified had 
already revealed that the same non significance, does not participate in 
the cointegration relationships, in such away, that it will normally not 
react to any disturbance. 

In the case of the non significance of parameter alpha for the 
Rotterdam series, such a result is not expected, bearing in mind that this 
being market is an important exporter and participate in the cointegration 
relationship. A possible interpretation for such a result is that, although 
the level of this price influences the levels of prices in other markets (it 
could increase the levels of prices of these markets) it is not, however, 
significantly affected by them and is not adjusted before transitory 
disturbances. The objective of test ach· = aR .= 0 is to verify if Chicago 

1. ot 

and Rotterdam they can be considered exogenous altogether, since each 
series is individually so. The result shows that this proposition cannot be 
rejected. 

Since a priori the Argentina and Rotterdam export markets are 
considered perfectly integrated (given the non rejection of the hypothesis 
BArgentina = -BRotterdam), we can ask if both of them react to an upheaval 
at identical speeds, even having in mind that Rotterdam is exogenously 
weak. The likelihood test ratio shows that this hypothesis cannot be 
rejected. 

In this same model, another surprising result refers to the quite 
significant value of the a test given to Brazil series, the information that 
this series could be excluded from the cointegrating space (BBrazil = 0), 
it should be understood that there is no long run relationship between the 
price levels in this country and in the others. The hypothesis of weak 
exogeneity is already clearly rejected (and with the largest absolute value 
for alpha indicating larger adjustment speed to transitory unbalances). 
That is to say, the levels of prices in Brazil, even not significantly important 
in the establishment of long run balance of other markds, react with 
relative efficiency to transitory unbalances that happen to other prices. 
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Table 7 - Tests on the significance of parameters a ( exogeneity tests). 
Model for the series of rice 1990/98. 

Withoot restrictioo oo the Restrictiai1' Restrictiai1' 
f3 ~dc43uru!}Jll)' ~!}Jll)'-~I 

pararreters 
Iikelihcxxl Oitical Iikelihcxxl ratio Oitical 

ratio 
N Value Value 0 
-I'>-

i(5%) i(5%) a 
a,~na = 0 5.04* 3.84 7.4()'1< 6.32* 5.9') 
CXa-azi,=0 1.50 3.84 2.32 2.48 5.9'J 
<laangkdc = 0 2.26 3.84 3.65 4.51 5.9') 
~=0 7.13* 3.84 7.18* 7.34* 5.9'J 
1 / the critical values are in the last column 
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As Brazil has been importing significant volumes of Argentina 
corn, it is tested if both markets return to a given upheaval at statistically 
equal speeds. This proposition can be rejected. 

In case of the rice market involving the series approached in this 
work, the significance of the parameters alpha for the of Uruguay and 
Argentina prices series reveal that these are not weak exogeneity for the 
parameters of interest, while Brazil and Bangkok series present weak 
exogeneity with regard to the long run balance. These results do not vary 
when restrictions of perfect integration are introduced among the Thai 
and Uruguayan markets and between this last one and the Brazilian market. 

In other words, it is considered that the Argentinean market, though 
it is not significantly important in the establishment of long run balance 
for the group of the considered prices, reacts significantly to the coming 
unbalances of the other markets. Nevertheless the exogeneity of Brazil's 
and Bangkok's prices mean that these prices are not affected by deviations 
that may occur, in the short run, in regard to a balanced situation in other 
markets. In the case of Brazil, it could be indicating that the internal 
prices give no answers to short period unbalances in foreign markets. 
The exogeneity of Bangkok can be associated to the fact that Thailand is 
the largest producer and world exporter of rice. For that reason, it marks 
the evolution of the other markets but does not react significant! y to other 
market's short period upheavals. 

6. Conclusion 

The study represents an attempt to discuss and obtain inferences 
over to what extent the internal prices of rice, com and cotton commodities 
have been following the long-period pattern of external markets in a 
decade in which important economic transformations in the external and 
internal markets promoted important changes in the formation dynamics 
of agricultural commodities prices. Were the alterations dictated by the 
world commercial opening and lesser interference of the State in internal 
markets enough to enact efficient arbitration actions? Is the Law of One 
Price validated and therefore considered integrated to the market? What 
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are the implications to the internal sectorial politics? 
The cointegration procedure utilized was proposed by Johansen 

(1988) and the results obtained in the case of cotton did not enable us 
notice co-integrating relationship between the prices of Brazilian market 
and Liverpool Index B market (the Liverpool Index A series and New 
York series were not considered for they revealed stationary). In 
conclusion, in the case of this commodity, LOP is not assured and the 
markets are not integrated during the period of this analysis. We cannot 
say, however, that the formation of internal prices is essentially a domestic 
issue in this case. But, in spite of the larger commercial exchange practiced 
on this decade, with expressive imported volumes, there is still , in the 
Brazilian market, a great inflexibility towards of arbitration of the internal 
economic agents' prices in the external markets. An example of this refers 
to the difficulty that Brazilian companies in less favorable patrimonial 
situation have to loans for the improvement of cotton imports. 

The cointegration tests for corn and rice pointed to the existence of 
a cointegrating vector among the series of prices considered in each model 
and, therefore, to the existence of a certain integration degree among the 
markets. This result is consistent with previous analyses (Goodwin, 1992; 
Lopes, 1996; and Lima and Burnquist, 1997), indicating the presence of 
arbitration mechanisms among the markets, and, therefore, a relationship 
of interdependence on prices. However, in spite of this result indicating 
the positive performance of arbitration mechanisms among the markets, 
we may that the existence of only one cointegrating vector is not a sufficient 
condition to say that the markets are perfectly integrated and that the 
Law of the One Price is perfectly verified or, alternatively, that it is verified 
in its absolute form. This inference is based on the arguments of Goodwin 
(1992b), Lopes (1996), Rivera and Helfand (1999) and Dickey, Hansen 
and Thornton (1994). According to these last authors, larger stability in 
the long period relationships among the variables of the system requests 
a larger number of cointegrating vectors. 

The results of the hypotheses tests in the case of the corn model 
enabled usto verify that the vector of estimated cointegration brings an 
implicit relationship of perfect integration between the Argentina and 
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Rotterdam export markets. These also indicated the exclusion of Brazil 
series, meaning that this market does not endogenously participate or 
affect other variables in the adjustment process to the long run balance. 
In practical terms, the results allow us to conclude that the variables 
associated to the internal market still have larger relative weight in the 
formation of the domestic com prices. In this case, we can refute the 
initial proposition that the external prices would excessively affect the 
behavior of the prices in the internal market. 

In the case of rice, the existence of prices arbitration indicated in 
the cointegrating relationship, and also, from the positive significance of 
the Brazil series in the establishment of the long run balance pattern 
(pointed by the tests on the beta parameters), evidences that in fact, the 
internal prices have a relationship with the prices of the international 
market, although they do not respond to the original short run deviations 
of the other markets. In the same model, it was also evidenced that, in 
Mercosur, the Uruguayan export market and the Brazilian import market 
can be characterized as integrated markets in the long run. Such integration 
is verified in a context characterized by the connections to other prices. 

The main implications of agricultural politics, in the light of the 
obtained results, are that, for the internal markets of cotton and corn, 
sectorial programs of prices politics and internal provisioning can still 
play an important part in the balance of the markets. It should be 
understood that this proposition does not mean that there is ground for 
initiatives in prices politics and provisioning in the molds that were 
effective in the last decades. On the contrary, it is necessary to take the 
prices, agreements and effective rules in the international market into 
consideration, since in the case of corn, the internal prices indications 
were obtained due to unbalanced external markets (significance of alpha 
parameter). 

Specifically in the case of domestic price politics for rice, the 
results obtained lead us to the conclusion that the formulation of these 
politics should take in consideration Uruguay as an extension of the 
national market. Furthermore, both countries can gain significantly in the 
medium and long run if they get to elaborate an agricultural politics 
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coordinated to the production aspects, supporting services and technology. 
Such coordination of efforts can very be important both as a better way 
to explore the complementarities between these countries, and , once the 
recovery of the capacity of Brazilian self-provisioning is reached, to make 
a competitive insert possible and obtain better positions for both countries 
in the world rice exports. 

Two possible limitations to this work, which can be suggested as 
effective complementary works, are associated to the size of the series 
(due to the impossibility of obtaining larger series) and to the fact that 
nominal exchange rates had to be used for the conversion of the prices. 
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