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Abstract 
 
This study aims to analyze the series of daily prices of soybeans in the North of Parana, 
which includes the timeline of the years 2000 (from January) to 2011 (until October) and 
describe their behavior with short-term forecasts. That is, verify if the temporal dynamics of the 
variable is better explained by a process: Auto-regressive of order p, moving Average of order 
q, Auto-regressive and moving Average of order p,q; Auto-regressive, Integrated and moving 
Average and of order p, d, q; or seasonal ARIMA of order (p, d, q), (P, D, Q). The Box and 
Jenkins methodology (1976) was used to answer this question. The manipulation of data was 
based on graphical analysis and statistical tests of the methodology itself, through which, it was 
observed that the ARIMA (5,0,0) or simply AR (5), responded as the best model among the 
set of models tested to predict the prices of soybeans. 
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1. Introduction 
 

In recent years, Brazil has served as a country focused on the provision and marketing of 

agricultural goods. It’s list of exportation ranges from agricultural products to products with 

higher added value. In this scenario, the goods of first order, that is, primary, become 

more evident in the composition of revenue from the national exportation sector. 

      These primary goods that are classified as commodities raise greater economic and 

financial relevance in the formation of the Gross Domestic Product (GDP). Thus, 

glycine max, or simply, soybeans, appears as one of the oldest agricultural products sold. 

     Currently the soybean dominates both the market for vegetable protein and edible oil. 

According to Klaus (2005), oil emerged as a byproduct of the processing of soybean meal and 

became a world leader in the oil market. The cultivation of soy has its expansion more 

precisely in the South, especially in the states of Rio Grande do Sul and Parana. From 

the 80's, its culture has increased for the Midwest Region, mainly in the states 

of Mato Grosso and Mato Grosso do Sul. 

According to Rocha e Nogueira (1998), Brazil is the second largest producer and is 

behind only to the United States, which accounts for 50% of this commodity. Due to the huge 

amount of area suitable for cultivation of soy and non-exploitation of many of these areas or not 

defined agricultural frontier, Brazil is in this connection as producer of great importance and has 

excellent prospects to become the largest of this good. 

The exporter character of this commodity gives the soybeans, according to Margarido & 

Sousa (1998), a strong dependence on the international market, mainly the prices quoted on the 

Chicago Board of Trade (CBOT). 

Between the years 1995 to 1990, the price of this commodity was influenced by the 

price of the CBOT, although there is evidence that there was no full transmission 

(MARGARIDO & SOUSA, 1998). It is worth noting that there are numerous factors 

that have influence on the formation of soybean prices, but among them may be mentioned: the 

exchange rate and the future prices of soybean in the Bolsa de Mercado e Futuros de São Paulo 

(BM&F) - (Stock Market and Futures of São Paulo). 

  Given the above, this article aims the application of ARIMA models in the market prices 
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of soybean in northern Parana, that is, it`s a methodology that assumes that econometric 

models can be developed from information contained in the data itself. This 

methodology was first developed by Box and Jenkins (1976). 

 

2. Models Box and Jenkins 
 

  A time series or historical series can be understood as a sequence of data at regular 

intervals of time during a specified period. For the analysis of a time series, you must first model 

the studied phenomenon, which from this point can be made describing the behavior of the 

series, their estimates and finally the evaluation of the factors that influence the behavior of the 

series, taking into view to establishing the cause and effect relationship. 

            According to Yim (2001), the sequence for determining the model for the ARIMA 

family that best represents the series that can be used to make predictions is: 

 

Identificationo

f the Model 
� Estimation � 

Verification 

or diagnosis � Forecast 

 

          Figure 1 - Model to make predictions. Adapted from Yim 2001. 

 

  The ARIMA models (Auto Regressive Integrated of Moving Average) are widely 

used for cases and study of prices. It`s buildings are based on linear statistical models, where the 

series involved in the analysis are obtained by a process or  stochastic, which nature may be 

represented by a mathematical model.  

Sáfadi (2004), says it is important to note that for the application of the models of Box 

and Jenkins, the time series under study must be stationary that is, not present trend 

or seasonality. For a good fit of the model is necessary to use techniques in which the residual 

structure forms a white noise (white noise), i.e., the residue is a random variable independent 

and identically distributed. 

Other relevant information is that the basic model of a stochastic process is the sequence 

of white noises, i.e., independent random variable with zero mean and constant variance. It is 

known that when a model shows no white noise, it introduces dependence on past values and 

tends to be autocorrelated. The autocorrelation indicates that for the analysis of the price 

series, there are models that are not suitable to make more accurate predictions. 
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2.1. Estimation process of ARIMA model 
 

  Among the classes of models proposed by Box and Jenkins (1976), ARIMA will be 

highlighted in this article, which can be represented as follows: 

 

                                                 (1) 
 

 In this equation the term  represents a constant in the estimated model,  to  

are parameters that adjust the passed values of  from the immediately prior time to the 

farthest represented by p. The values of  represent a sequence of random shocks and 

independent of each other,  is a non-controlled portion of the model, is commonly referred to 

as white noise. The parameters  to  enable writing the series as a 

function of past shocks. In general each  is considered to have normal distribution, zero 

mean, constant variance and non-correlation. In statistical terms, considering that E [x] denotes 

the theoretical average of the value of x, the sequence is considered a white noise  process if  

to each time period t we have: 

 
(i)  zero Mean;  

(ii) , constant variance;  

(iii)  zero covariance for every value of s. 

 

Equation (1) represents a model known as integrated Auto-regressive of moving 

average, or simply ARIMA. Its equation can be written also in the following format:  

 

, been .  

 

The model term auto-regressive is used when you can write a series in the form 

 , i.e., the series  is written from its past values.Transcribing the 

series in terms of random shocks we have the moving average model, i.e.,  

where  
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If we consider the series , when , the model 

is known as random walk, one of the characteristics of this model is to violate the condition of 

stationarity. 

A model is stationary if for every t and t-s we have: (i)  constant 

mean, (ii) , constant variance,  

(iii)  ( ) (    ( , constant covariance. 

            Most of the time, to transform a stationary series we need to use a feature called 

differentiation, through the use of the operator ∆ , been   and . When 

 is a time series I(d) and after differentiating d times, it can be modeled using an AR(p) 

model, this model for can be written as (FRANSES, 1998): 

 

 , t=p+d, p+d+1,... n.                                          (2)                                      

 

The model represented by (2) is usually abbreviated to ARI (p,d), or Auto-regressive of 

order p and integrated of order d. When a series has a tendency, it can probably be represented 

by an integrated model ARI, ARIMA, or IMA. 

 

2.2. Test of stationarity 

 
According to Arêdes and Pereira (2008), the simplest test to analyze the stationarity in 

time series is given for obtaining the coefficients of autocorrelation and partial 

autocorrelation, from which their correlograms are constructed: FAC and FACP, which in 

turn represent graphic inspections of lags. This correlogram defines a confidence interval for the 

coefficients in which the statistics of the FAC and FACP should vary and is defined by: 

, where n = sample size. 

Gujarati (2000) concluded that the autocorrelation coefficients and partial 

autocorrelation outside that range, except for a lag, are statistically different from 

zero, suggesting non-stationarity of the series.  

Another widely used type of test to verify the stationarity is the Dickey-Fuller (DF), 

which tests the null hypothesis of the existence of a unit root in the series. If this hypothesis is 

not rejected, the series possesses a unit root, therefore, it will not be stationary. To avoid the 

problem of autocorrelation of residuals, it is recommended to use the ADF test (Augmented 
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Dickey-Fuller), which includes the equation of lags to eliminate the problem of autocorrelation 

of residuals. 

 

 

 

 

2.3. Test of autocorrelation 

 
The Ljung-Box (1978) statistics is often used to diagnose whether the series has 

autocorrelation. Its representation follows the following logic:  

 

 

 

  Where n represents the number of observations and K is the number of estimated 

parameters. This test statistic also follows a chi-square distribution with k-p-q degrees of 

freedom. The great emphasis placed on the Ljung-Box statistic is the fact that this 

methodology has the best properties for finite samples than the Box and Pierce (1970) 

statistic, but both follow the same interpretation.  

According to Sáfadi (2004) and Gujarati (2000), if the  for a 

given level of significance, we cannot accept the null hypothesis (  that the residuals are 

not autocorrelated. But this implies accepting the hypothesis, alternative that at 

least one  autocorrelation is statistically different from zero, thus the error is not white noise. 

 

2.4. Selection criteria (penalizing of models) 

 

  The selection criteria based on the estimated variance most commonly used are AIC and 

BIC, which can be defined by: 

AIC (Akaike’s Information Criteria): AIC = T ln (SQR) + 2n   

BIC (Bayesian Information Criteria): BIC = T ln (SQR) + n ln(T) 

where: T is the sample size, SQR is the sum of the squared of the residuals and n is the number 

of parameters (MARCHEZAN, 2007).  

  In general, among the various models presented, it`s choosen one that has the lowest AIC 

and BIC. It is worth noting that the choice should take into account the parsimonious models, 
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i.e., those with the fewest parameters. Finally, it is recommended that these 

criteria are considered together, as they are complementary, not exclusive. 

As in this article a few sets of ARIMA models will be tested, only one will be chosen, 

which will represent significantly the original series through penalizing criteria, in this case 

the AIC.  

 

 

3. Methodological Procedures 

 

  The data collected refer to the daily prices of soybeans marketed in Northern Parana, 

between the historical periods of January 2012 to October 2011, totaling 2672 observations, 

obtained from the Bloomberg database. Briefly, the following procedures were made:  

a) Stationarity Test (FAC and FACP);  

b) Verification of Unit Root (ADF test);  

c) Test with the set of ARIMA models found;  

d) Application of  Penalizing Criteria (AIC) and finally checking the quality of the 

model to perform forecasting prices. 

 For handling such procedures, the following computer software were used in this 

study: Microsoft Excel 2010 and S-Plus 8.0. 

 

4. Results 

 

It can be seen by a fast graphical inspection that soybean prices in northern Parana, show 

a non-uniform trend in their prices, that is, at certain times the price undergoes several 

changes in time, which shows that the series under study in reality has a great variability, so 

that it can be considered as non-stationary.            
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          Figure 1 - Index Series of soybeans prices in northern Parana 

 

In order to obtain a parameter in linear terms to study this series of prices, it was 

created a lagged series that was called return series - soybean price , where was observed that 

the returns present  given time dependence over the past period, which can be seen in the 

histogram and the plots below. 

 

Plot da Serie de Retornos - Preço soja

-0.05 0.0 0.05

0
5

1
0

1
5

2
0

2
5

3
0

Histograma da Serie de Retornos - soja

QQ-Plot da Serie de Retornos - soja

 

Figure 2 - Plots, Histogram and QQ-Plots of the series of soybean returns 

   
 
   

Analyzing the correlograms showed below, it is clear that 

the original data series (2nd graph) shows a time dependence in relation to the days 

observed in the relationship present-past. And in the 1st graph (lagged series), we note the 
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structural presence of randomness in the observed data, because there is little time 

dependence between prices in the relationship present - past of the series under study. 

 

 Series : soja.rt

 Series : soja.rt

 

Figure 3 - Correlogram of the series under study 

 

 

According to the autoregressive models tested in this study (Figure 4), the one that best 

fits in terms of statistical significance was ARIMA (5,0,0), where by which we achieved 

greater randomness in the behavior of prices, it was hardly noticed the presence of 

autocorrelation in the data (ACF), there was also low partial autocorrelation (PACF) and the 

p-values of the series under study were below 5% of statistical significance, 

indicating a strong degree of fit of the model chosen (see Table 1 and Table 2). 
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Plot of Standardized Residuals
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       Figure 4 - Correlogram of the series under study 

 

 

Table 1 - Set of ARIMA models tested 
Call: arima.mle(x = soja.rt, model = list(ar = c(0.1, 0.1, 0.1, 0.1, 0.1)))  

Method:  Maximum Likelihood  

Model :  5 0 0  

 

Coefficients: 

 AR : 0.15724 0.00065 0.00671 0.04053 -0.04903  

 

Variance-Covariance Matrix: 

ar(1)          ar(2)          ar(3)          ar(4) 

ar(1)  3.741921e-004 -5.823551e-005 -1.193795e-007 -2.503579e-006 

ar(2) -5.823551e-005  3.828503e-004 -5.829929e-005  2.663250e-007 

ar(3) -1.193795e-007 -5.829929e-005  3.828336e-004 -5.829929e-005 

ar(4) -2.503579e-006  2.663250e-007 -5.829929e-005  3.828503e-004 

ar(5) -1.231061e-005 -2.503579e-006 -1.193795e-007 -5.823551e-005 

 

               ar(5)  

ar(1) -1.231061e-005 

ar(2) -2.503579e-006 

ar(3) -1.193795e-007 

ar(4) -5.823551e-005 

ar(5)  3.741921e-004 

 

Optimizer has converged 

Convergence Type: relative function convergence 

AIC: -15351.52 
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Table 2 - Values of AIC's found 

AR 1 AR 2 AR 3 AR 4 AR 5 

10.00

0,00 

-

15.381, 61 

-

15.380,17 

-

15.378,21 

-

15.382,54 

-

15.376,64 

-

15.374,67 

-

15.375,57 

-

15.370,20 

-

15.373,36 

-

15.367,16 

-

15.367,99 

-

15.365,24 

-

15.361,43 

-

15.370,02 

-

15.360,23 

-

15.358,24 

-

15.358,91 

-

15.361,22 

-

15.361,70 

-

15.355,94 

-

15.356,85 

-

15.352,61 

-

15.350,39 

-

15.351,52 

  

 

 

The plot of the prediction made in the prices showed a strong adjustment regarding the 

trend for the price series, which can be shown in the graph above, where it`s shown 

the average accuracy of prediction is represented by the points highlighted, which in 

turn denote a cyclic behavior around the mean of future forecast expectations. 

 

Ploting the forecasts

 

       Figure 5 – Plot of Forecast 

 

To prove the expectations of the quality of the chosen model to make prices forecast, a 

test was made to verify the quality of the prediction (Figure 6), where it was seen that 

the prediction made by the ARIMA model (5,0, 0) proved to be increasingly positive and very 

close to the reality of the series of prices of soybeans in northern Parana, therefore, for 

the analyzed data series that was the best model with strong statistical significance. 
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Figure 6 – Test of forecast quality verification 

 

5. Final Considerations 
 
 
           Through the application of time series methodology developed by Box and Jenkins 

(1976), the researcher can model a series that has temporal behavior present in the 

data collected, and choose the best model in terms of statistical significance between a set of 

possible models competitors. With the manipulation of statistical tools has become possible the 

choice or suggestion of a representative mathematical model for the prices of soybeans in 

northern Parana. 

The Auto-Regressive Integrated of Moving Averages [ARIMA (5,0,0)] model was used 

to model the price series  with a lag  (called return of soybean prices). 

  Finally, it should be noted that this study emphasized the presentation and 

manipulation of the Box and Jenkins (1976) methodology, serving as a basis for further 

studies after the event. Moreover, it was concluded that this method met the requirements for 

choosing the most appropriate model to make predictions and represent the behavior of prices of 

soybeans in northern Parana. 
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