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Abstract: This study aimed to analyze the variation in the price of corn for the bag of 60 kg, from 
January 2003 to October 2007. In the context of the physical market were analyzed variables related to 
the states of Parana, Rio Grande do Sul and São Paulo, in the cities of Cascavel, Passo Fundo and 
Campinas, respectively, through structural models of classic Harvey. Identification of the unobservable 
components, trend and seasonality, which provided the observation of the evolution of prices at 
different times each year. The unobservable component analysis, the study was based on the futures 
market, according to the contracts made by the Commodities and Futures Exchange (BM & F) in the 
same period. It was also possible to identify the oscillation of the same factors in the various 
contractual maturities. We found a model for prices in each city. The models had coefficients of 
determination of 92%, 90% and 93% respectively. With the adjusted models were made forecasts for 
six periods ahead to the price variation of each of the three cities, being a Mean Absolute Percentage 
Error (MAPE) of 4%, 5% and 3% respectively. 
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INTRODUCTION 

 
 Changes in the global competitive environment have hindered the survival of companies, forcing them to 
establish business relationships more efficient, in order to obtain the resources necessary for their maintenance 
and survival in the markets. When it comes to marketing, you are automatically given the incidence of some 
risk. One must consider that almost all economic activities incur some kind of risk, or are subject to factors that 
can provide variability in expected values (Camargo, et al., 2010). 
 When considering the agricultural marketing, we must take into account that this activity incurs a greater 
risk than other sectors of the economy. There are two main types of risks that may affect this activity: the 
destruction of production by natural disasters, and deterioration of product value, which can take two forms: the 
deterioration of the quality and price movements. 
 The first thing is that agriculture can not interfere and it is virtually impossible to be eliminated. However, 
on the second, more specifically to changes in prices, these can be very large, especially in competitive markets. 
However, knowledge of how prices behave are of vital importance to the decision making of farmers with 
regard to the choice of what to produce. It is known that the price risk can be reduced by using certain 
mechanisms, such as agricultural futures markets. Although concrete is the possibility of using futures markets 
as strategies to minimize the risks in agriculture, the available evidence shows that there are few producers who 
use this market in Brazil. 
 It is the rural administrator to find ways to respond to key issues of your business as what to produce, how 
much to produce, how to produce, when to produce and for whom to produce. Such answers can be found by 
adopting management support tools that, though little used in agricultural systems, are widespread in industrial 
production systems. 
 In this sense, it is known that certain cultures compete for productive resources, forcing the administrator to 
choose the best possible productive combination. 
 This study aimed to analyze the variation in the price of corn for the bag of 60 kg, from January 2003 to 
October 2007. In the context of the physical market were analyzed variables related to the states of Parana, Rio 
Grande do Sul and São Paulo, in the cities of Cascavel, Passo Fundo and Campinas, respectively, through 
structural models of classic Harvey. 
 Identification of the unobservable components, trend and seasonality, which provided the observation of the 
evolution of prices at different times each year.  
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 The unobservable component analysis, the study was based on the futures market, according to the 
contracts made by the Commodities and Futures Exchange (BM & F) in the same period. It is hoped that this, 
generate strategic information to assist in decision making of rural entrepreneurs. 
 This article is structured as follows: in the second section presents the theory of classical structural 
modeling, in the third section the data analysis are presented. The article ends with a section of concluding 
remarks 

  
Structural Modeling Classic: 
 The basic idea of structural modeling is to admit the existence of unobservable basic components: trend, 
seasonality, cycle and irregular. The model formulated in this way is known in literature as the structural model, 
a terminology due to Engle (1978), and its main attraction is related to the fact that each individual component 
have a clear and direct interpretation. 
 The idea of decomposition of series into its components is considered unobservable, to some extent, a 
pioneer in univariate proposed formulations. On the other hand, the resumption of these ideas of decomposition 
in the 80's is made differently. Instead of trying to adjust functions to describe the trend, seasonality, cycle and 
irregular component to the historical data, in this case, we try to identify these basic components in the series, 
and the resulting model in the form of state space. The model thus Express allows the use of Kalman filter for 
sequential estimation of the state vector and forecasts required. This basic structure, and update procedure via 
sequential Kalman filter are fully used by (Harvey, 1999). 
  
 In the univariate structural model we consider the additive decomposition of a time series of the form: 
 
Yt = t + t + t + t (1)
 
 where each component is defined as follows: 
 
i) component of bias (t): 
 t is a stochastic process representing the level of the series Yt study. In formulating the structural level of 
the series (Harrison, Stevens, 1976), whereby, slowly evolves in time according to the equation: 

 
t = t-1 + t-1 + t (2)
 
 where: 
 t -1: growth factor is the process that occurred at time t-1. 
 t: is the random disturbance level at time t, supposedly with the following properties: 
 
t  N(O;V); E(i, j) = 0;  ij; i,j = 1, 2,.... 
 
 With respect to the growth factor that appears on the right side of equation (2), we assume a dynamic 
evolution in accordance with the following random walk: 
 
t = t-1 + t (3)
 
 where: 

t: is the random disturbance of the growth factor at time t, with the following properties: t  N(O;V);  
 
E[(i, j] = 0; ij; i,j = 1, 2,.... 

 
 The model for the trend, described by equations (2) and (3), corresponds in reality to assume that the 
process generating the trend is linear in time. However, the stochastic nature of its intrinsic components (level 
and growth factor), implies that we are assuming a locally linear trend, whose coefficients vary slowly in time 
according to their dynamic evolution equations. This feature is general enough to model locally the trend of 
most real time series. 
 
ii) Seasonal component (t): 
 Regarding the process generating the seasonal component, this can be modeled in two different ways in 
structural formulation. The first one expresses the presence of discrete factors that represent the influence of 
each month, for example in the case of annual data, within the period s. The second expresses the seasonality 
through the sum of trigonometric functions. (West, Harrisson, 1989). 
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iii) Componente irregular (t) 
 The irregular component of the series, t,  is responsible for the measurement error of Yt, is modeled as  
white noise with a normal distribution with mean 0 and variance V, N(0,V). 
 
Estimation of Parameters: 
 Unknown quantities or hyperparameters of the structural model can be estimated from historical data 
available. The solution proposed by Harvey (1984), uses the whole likelihood function and the Kalman Filter, 
which allows the log-likelihood function of the parameters is expressed in terms of the decomposition of 
prediction error. 
 (Harvey, 1981) shows how the likelihood function for a dependent set of observations can be obtained 
through the decomposition of the prediction error. 
 Be YN = (Y1, ..., YN) a series of size N and we assume that YN  NM ( , 2V). In this case, the logarithm of 
the likelihood function can be factored as follows: 
 





N

t

N LYLogL
2

111-t )(Y L log    ) Y ... Y|Yt ( log)(  
 
                                                                        (4) 

 
 Assuming now the existence of a forecasting model that produces non-biased one-step-to-face of Yt based 
on information available up to time t-1, denoted by Yt|t-1 =  E{ Yt|Yt-1, ... , Y1 ]  and the corresponding variance 
equal to 2ft, you can then write: 
 
( Yt|Yt-1, ..., Y1)    N ( Yt|t-1; 2 ft )                                                                                                                         (5) 
 
 Setting et = Yt – Yt|t-1 as a conditional prediction error-to-step-ahead are: 
 
et   N (0, 2ft)                                                                                                                                                        (6) 
 
 Assuming that Y1  N ( 1 ; 2f1)) where 1  is a non-conditional mean of Y1, we can finally take the results 
to the expression (4) provides that: 

 
 


 

N

1t

N

1t
t

2
t

2
t

22N f.2/)e.(2/)flog(log).2/N(log).2/N()Y(Llog                                       (7) 

 
 Thus, one can maximize log L(YN) in relation to the unknown parameters of the model, simply a procedure 
that provides the errors of prediction 1-step-to-face. It was also noted that in (7) one can obtain the expression of 
the conditional estimator of 2, which will enable arrive at the expression for the likelihood function 
concentrated in 2. In this way reduces the parameter space of a parameter, in case 2. Returning to the problem 
of estimating the parameters of the structural model, which in the general case (without exogenous variables and 
intervention to simplify the presentation of results) is composed of the vector H: 
 H = (, , V, V, V, V, V), these can be obtained from the same argument above, ie, by maximizing the 
likelihood function (or its log) H expressed in terms of prediction error. It is important to note that while the 
model in the form of state space, the prediction error and its variance et ft are directly obtained from the 
recursion equations of the Kalman filter. 
 Assuming that the first k values of the series are used for the construction of the initial state vector, the log-
likelihood function (concentrated over V) Y k+1 ... YN  denoted by L (YN) is: 
 

2 2 2

1 1

log ( ) [( ).log 2 ]/ 2 [( ).log ] / 2 [ log ) / 2] [ / ] / 2.
N N

N
t t t

t k t k

L Y N k N k f e f  
   

         (8) 

 
 Thus, maximizing the objective function is obtained numerically, starting with an initial value for the vector 
parametric Ho = ( , , V, V, V, V, V, )O,, and then used passage through a Kalman filter that provides 
successively the values of the conditional prediction error, ie, ( et|H) e ( ft|Ho ) and so on until the final 
convergence is reached. 
 
Data Analysis: 
 The data represent the change in the price of corn for the bag of 60 kg, from January 2003 to October 2007. 
In the context of the physical market were analyzed variables related to the states of Parana, Rio Grande do Sul 
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and São Paulo, in the cities of Cascavel, Passo Fundo and Campinas, respectively, through structural models of 
classic Harvey. Identification of the unobservable components, trend and seasonality, which provided the 
observation of the evolution of prices at different times each year. 
 
Exploratory Analysis: 
 The graph of the series, shown in Figures 1, 2 and 3, representing the behavior of price movements in the 
states of Paraná (Cascavel), Rio Grande do Sul (Passo Fundo) and São Paulo (Campinas), respectively, can say 
that the series is stationary because there is not that there is any upward or downward movement in the 
development of time series, indicating that the stationary model is appropriate for the trend. To identify the 
presence of the seasonal component correlograms were analyzed, represented by the figures 4, 5 and 6. 
 

 
Months 

 
Fig. 1: Behavior change in prices in the city of Cascavel. 
 

 
Months 

 
Fig. 2: Behavior change in prices in the city of Passo Fundo. 

 

variation 

variation 
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Months 

 
Fig. 3: Behavior change in prices in the city of Campinas. 
 
 Observing Figures 4, 5 and 6, it can be said that the series representing the variation of prices in the cities of 
Campinas Cascavel and present lags outside the confidence limits indicating the presence of a seasonal 
component, while the Passo Fundo no, all lags are within the confidence limits. 
 

 
 

Fig. 4: Autocorrelation coefficients for the series of price changes of Cascavel. 
 

 
 

Fig. 5: Autocorrelation coefficients for the series of price changes of Passo Fundo. 
 

variation 
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Fig. 6: Autocorrelation coefficients for the series of price changes of Campinas. 
Adjustment of the Models: 
For the city of Cascavel: 
 The structural model for series of changes in the price of seed corn for a bag of 60 kg in the period from 
January 2003 to October 2007 is: 
 Trends over a stationary seasonal component. The model estimation (more seasonal trend constant, ie = 

.=0, by maximizing the likelihood, provided the results: 
 

80.14ˆ   

90.8ˆ   

48.0ˆ   

 
For the city of Passo Fundo: 
 The structural model for series of changes in the price of seed corn for a bag of 60 kg in the period from 
January 2003 to October 2007 is: 
 Trend stationary. The model estimation is the continuing trend, ie, = .=0, by maximizing the likelihood, 

provided the results: 
 

44.16ˆ   

57.0ˆ   

 
For the city of Campinas: 
 The structural model for series of changes in the price of seed corn for a bag of 60 kg in the period from 
January 2003 to October 2007 is: 
 Trends over a stationary seasonal component. The model estimation (more seasonal trend constant, ie, = 

.=0, by maximizing the likelihood, provided the results: 
 

70.12ˆ   

49.7ˆ   

31.0ˆ   

   
 With respect to validation and compliance testing of the model to the data STAMP (Structural Time Series 
Analysis and Prediction and Modeller) provided the following results: coefficients of determination of 92%, 
90% and 93% respectively. With the adjusted models were made forecasts for six periods ahead to the price 
variation of each of the three cities, being a Mean Absolute Percentage Error (MAPE) of 4%, 5% and 3% 
respectively. 
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Analysis of Futures Contracts: 
 In 2003: 
 In January the contracts maturing in March were carried out at R$ 18.67, those maturing in May came in at 
R$ 18.78, due in July to R$ 19.96 and still maturing in September R$ 21.60. It appears that, through the agreed 
values for contracts, the market expects growth to the value of the grain during the months mentioned above. 
 During the month of February the price of the futures market with respect to the physical market had 
significantly higher values. The gain of a contract entered into in November is 41.43% in the value of the bag 
compared to the physical market in Campinas-SP, same locality of reference of futures contracts. 
 In March futures contracts were on average 4.64% of value compared to February. The contracts with 
performance in January 2004 were negotiated in May to R$ 20.46 per bag. At this time of year in the physical 
market was sold a bag to R$ 18.91, or who performed the futures contract achieved a higher yield of 8.20%. 
 In July, the bag was negotiated in March 2004 to R$ 16.40, 24.9% less than the value of transactions carried 
out in June. During August the contracts maturing in May 2004 were traded R$ 18.50, in September of the same 
contracts were signed due to R$ 19.88 in the month of November to December and R$ 21.66 R$ 20.10. 
 The market was expecting a high what really happened. In the physical market the grain was sold in May 
2004 to R$ 21.32, or 15.24% more expensive than the contracted during August. 
 Who in December signed a contract guaranteed for November 2004, regarding the physical market, 
equivalent to 30% gain. 

 
 
In 2004: 
 In 2004 during the month of January futures contracts showed an average reduction of 1.26% over the same 
month in 2003. In February the contracts for September were U.S. $ 21.40. Until the month of June the grain 
was being traded on average for $ 23,26. Who carried out the futures contract for September gained 23.46% and 
average with respect to the physical market business. 
 During July to September the value traded was 18.20% lower compared to the previous month. Who made 
the contract until December to January due achieved at least a profit of 6.08% on the price obtained in the same 
period in the cash market. 
 In July the value of the bag for maturing futures contract would take place in September decreased by 
18.20%. 

 
In 2005: 
 In 2005 futures contracts ranged from R$ 19.20 in January to U.S. $ 20.83 for the month of September. 
With over 2004 in this same period, there was a reduction in negotiated prices of 3.50%. 
 During the month of March, the contracts were negotiated for July closed at R$ 23.19 in April for the same 
month for U.S. $ 22.27, R $ 22.08 in May and June R$ 21.60. The market was expecting a reduction in prices, a 
fact that actually occurred, as in the physical market the grain was sold at R$ 19.06. This is related to the off-
season that increases the supply of grain by decreasing its price. 
 In August a bag of corn was negotiated in January 2006, months that usually occur in the larger interest of 
R$ 22.11. The market expectation was not ratified and the value has decreased over the month and in December 
the contract was already trading at R$ 17.21. 
 In the physical market in January 2006 the grain was sold for R$ 17.31 confirming the expectation of low 
prices. This decrease is justified on the grounds that U.S. production in 2005 was the second largest in history, ie 
had a lot to offer the product on the market. 

 
In 2006: 
 The year 2006 began with an expectation of low price for corn in the negotiations of the bag. In the March 
futures contract to be negotiated in November reached U.S. $ 15.93, this month in the physical market a bag was 
sold to R $ 22.63, ie, the producer who made the futures contract lost R $ 6.70 per bag . Throughout the year the 
price of futures contract months for this reaction, there was an average adjustment of 11.69%. The market 
expected a price increase that actually occurred. 
 From September to December futures contract maturing in January increased by R$ 18.39 to R$ 23.39. This 
fact explains the expectation of high market prices due to price appreciation in the international market, which 
consequently increased our exports and our prices. 
 
Final Considerations: 
 This study aimed to demonstrate, through the study of series of corn prices in Brazil, and the physical 
market and future, which the oscillations in quotations, which were first seen in the spot market, according to 
the selected states and later, as the prices in futures trading conducted on the Commodities and Futures 
Exchange (BM & F).  
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 Were selected for the study of the internal market as its economic importance and pricing of the country, 
the states of Parana, Rio Grande do Sul and São Paulo. The research brought information about the differences 
and similarities between the prices prevailing in the domestic market followed during the period under review 
(January 2003 to October 2007). 
 It was observed that in the physical market than in the three states studied, during the grain harvest, which 
occurs in the months April to July, depending on the region which was inserted into the culture, even during this 
time of year prices are traditionally lower due to oversupply of the product on the market. Prices start reacting in 
recent months driven by the scarcity of the product market and traditional increase in consumption by the 
primary sector, peaking in January because of offseason 
 In relation to the futures market, it was found that the shorter the time period between the completion of the 
contract and its execution, the lower the price variation. It was also noted that the salaries of the contracts closed 
with higher values are carried out exactly in the period between harvests, which confirms the law of supply and 
demand. The best time to contract expiration month of January is the place where the highest values. 
 With reference to the case study proposed to establish a parallel entres after the two alternatives, namely the 
cash sale at the end of the season and forward sales in the period of greatest price, it is clear that the income gap 
between the sale total production in the physical market at the end of the harvest and trade in the futures market, 
through a forward contract, provided a gain equal to ten percentage points to the achievement of sales during the 
period in which the product has reached levels of higher prices. 
 Thus it is clear that you need to do a market study in order to achieve best results, the hypothetical situation 
in which ventilated was confirmed as was consolidated with the sale of production in the month in which the 
producer gains achieved its goal and through the contract protect themselves from future fluctuations could have 
occurred with the realization in trading on the futures market. 
 The work reached its goal, because it shows the need for prior analysis of market characteristics, as well as 
the relationships between the prices paid to farmers on the spot market and on the prices recorded on the futures 
contracts in Brazil, and the help of a professional to earn more profit 
 After this work, which was to focus not exhaust the subject, on the grounds that it is complex, it is 
understood that this does not end here, should be propagated among the farmers and the community at large for 
this slice of the population have access to the boon that the professional qualification coupled with technical 
expertise offer. 
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