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Abstract 
This paper proposes a modeling Flow airport landing in Aracaju Santa Maria. 
The Aracaju airport needs to expand to meet the demand of passengers, due to 
the fact that the city is growing and the airport does not match this growth, 
with its airport complex as a limiting factor. Were collected from INFRAERO 
and administration of Aracaju airport data for the years 2007, 2008, 2009, 2010 
and 2011. The methodology of intervention models (BOX AND TIAO, 1972). 
The software used for the analysis of the results was the STATISTICA 11. We 
tested several models with intervention variable landing and it was observed 
that the best model that fits the series was ARIMA (0,1,1) with its MAPE of 
5.71%, which demonstrates a good fit and predictive power model. We also 
noticed the nonstationarity of the series, in addition to autocorrelations. The 
observation intervened for landing was 28 (March / 2009). 
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INTRODUCTION  
There is an increasing interest both nationally and internationally on entrepreneurship. It is linked to the 
process of In Brazil, the 5th largest country in the world, the air transportation industry has been 
increasing alongside the economy since the 1920s.Although there were some ups and downs, its 
performance is quite good when analyzed in the long term. The importance of air transportation is 
growing steadily in the Brazilian transport matrix (SILVA, 2012). 
According to INFRAERO, Santa Maria airport in Aracaju, registered the highest growth in the passenger 
flow in the first semester of 2012. It was recorded a growth of 26.3%, considering the period of January-
May, when compared to the same period in 2011. According to the INFRAERO superintendent in 
Sergipe, Luiz Alberto Bittencourt, two industry sectors contributed to the growth in Aracaju airport. 
“This increase is due to the actions of referring Sergipe as a tourism destination in other states, as well as 
Sergipe economic growth. These two sectors boosted the passenger flow at Santa Maria Airport in the 
first semester of 2012” (INFRAERO, 2012). 
The Santa Maria Airport (Sergipe) is situated in an area of more than five million square meters. In a daily 
basis, about six thousand people pass through the terminal. Over 900 employees work in the airport 
complex to meet a monthly average of 100,000 passengers. This airport has 48 daily flights, 24 arriving 
flights and 24 departing flights (EMSERGIPE.COM, 2011). 
The Aracaju airport needs to expand to meet the demand of passengers, due to the fact that the city is 
growing and the airport does not match this growth, with its airport complex as a limiting factor. 
The objective of the present work is to identify a model that fits the passenger flow in the Santa Maria 
airport, using the intervention model for analysis. 
 
LITERATURE REVIEW 
Box and Jenkins Methodology 

According Box and Jenkins (1970), the simplest time series model, which deals with one only type of data, 
has three components to describe the linear stochastic process: autoregression (AR), integration (I) and 
moving average (MA) which can be combined as the autoregressive integrated moving average (ARIMA) 
model (NIGAM ET ALL, 2014).  
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First of all, a graph of the series for visual inspection of the stationary is constructed. Then, it is calculated 
the average, variance, autocorrelations and partial autocorrelations. The stage of identification requires 
automatic computation and inspection of the estimated autocorrelations, (INFRAERO, 2012). It is also 
mandatory to calculate, for each identified model, the initial estimates of the parameters and the variance 
of the white noise. The model that does not apply to the admissibility restrictions - stationarity and 
conversibility – is going to be, in principle, rejected. The significance of each parameter must also be 
tested, comparing its estimative with the associated deviation (SHUKLA, 2011; RUSSO, et al, 2013). 
The Iterative Cycle of Modeling 
According Box; Jenkins; Reinsel (1994), after the identification of the generic ARMA (p, q) model was 
made, it is transferred to obtain the estimative of maximum probability (efficient) for the (p+q+2) 

parameters (     1 1

2,..., , ,..., , ,p q a  ). Subsequently, follows the diagnosis of the model, analyzing the 

series of residues proceeding from the adjustment. Being accepted the model as adjusted; the next step is 
the phase of forecast, otherwise, the analysis of the residues should indicate the new current model 
(PHADAN, P.C., 2012).  
After obtain the estimates of the parameters, it remains to decide if the model is adjusted. This decision is 
taken by means of the verification of the estimated residues. The verification can be made through the 

autocorrelation of the residues, or either, the inspection of the graph rk ( a ). If the model is adjusted, the 

autocorrelations rk ( a ) must practically be all inside of the limits of  2 standard deviation. If the 
verification of the diagnosis accuses inadequacy of the model, it is necessary to find a new model for 
study (CHATFIELD, 2004; RUSSO, et al, 2013)). 
Intervention Model 

By an intervention understand the occurrence of some kind of event at a given instant of time t, known a 
priori. Such an occurrence may be manifested by a subsequent time slot, which affects temporarily or 
permanently in series study (MORETTIN AND TOLOI, 2004). According to Box; Jenkins; Reinsel (1994), 
the intervention analysis is to evaluate the impact of such an event in the behavior of the series. A general 
class of models that take into account the occurrence of multiple interventions, is given by: 

 

      
 
                                                              (1) 

 
Where v (B) is the transfer function of the form: 
 

       

    

     
   

                     

                                   (2) 

δi is the effect of intervention to reach a new level in the time series. The transfer function      of type 
(1), is considered a permanent gradual intervention, and the type (2) is taken as equal to a permanent 
abrupt intervention (BOX; JENKINS; REINSEL, 1994; ). A general class of models that take into account 
the occurrence of multiple interventions, is given by: 
 

            

              
 
     

                                                                   (3)       

         
Where 
 

     , j=1, 2,..., k, intervention variables are of type (1) or (2); 

   (B), j = 1,..., k, are rational functions of the form
       

 

     
, where 

                        
                      

 are polynomials in B,  is the lag in 

time for the start of the jth effective intervention and 
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   is the time series free of the effects of interventions and is called residual series 
 
The model residual series is a SARIMA model represented generally by: 
 

                                                                                        (4) 
 

The first parameter ω (Omega) is the magnitude of change in the level of asymptotic after the 
intervention.  
The second parameter δ (Delta) reflects the beginning of change, the rate at which the post-intervention 
series approaches its asymptotic level.  
In general, the effect of an intervention and to change the grade level or else the slope. The usefulness of 
SARIMA models is that the three elements mentioned above are taken into account when the residual 
component of   (3) is modeled (MORETTIN AND TOLOI, 2006).  
Validation Criteria 
Trying to validate the adjusted model, on the way to accomplish the forecasts, the MAPE (Average 
Absolute Percentile Error Criterion) is going to be used. The MAPE will be calculated from the forecast of 
a step ahead generated for each estimated model, (RUSSO, S. L. 2002).  
 
METHODOLOGY 
At first, data regarding the landings variable was collected, and the period of 2007 to 2011 was taken into 
consideration. This data was gathered from the administration of Aracaju airport, alongside with 
INFRAERO. 
The procedure used in the present study was to construct a model be means of the ARIMA model with 
intervention for the variable landings. The software used for analysis and graphs was the STATISTIC 11. 
In order to validate the choice for the best fitting model, MAPE (Mean Absolute Percentual Error) was 
used. MAPE is computed based on the predictions one step ahead, generate by each estimated model [8]. 
 
RESULTS AND CONSIDERATIONS 
Descriptive Analysis 
The Aracaju airport landing data of the years 2007 to 2011 were provided by INFRAERO. To understand 
the behavior changes in each year of the studied variables, we performed a descriptive analysis. 
Results shown in Table 1 describe the data for passengers’ arrival. It is important to notice that the 
average number of passengers in 2007 was 28,791.In 2008 there was a lower average of 27,956 passengers, 
though. In 2011 there was average increase of 58% of landings when comparing to 2007. The decrease in 
2008 is associated with aviation accidents, among other problems. 
The variation coefficient remained low in all years, showing that the mean represents the database. 

 
Table 1-Descriptive Analysis for Landings 

Year Mean Median Minimum Maximum 
Standard 
Deviation 

Standard 
Error 

CV% 

2007 28791,42 29087,00 22013,00 35281,00 3702,165 1068,723 12,86% 
2008 27956,25 27719,50 22801,00 35569,00 3667,492 1058,714 13,12% 
2009 30195,67 29637,00 21814,00 40428,00 4841,884 1397,732 16,04% 
2010 39584,75 40162,00 28835,00 49099,00 5354,563 1545,729 13,53% 
2011 45521,25 45568,00 35213,00 57314,00 5521,912 1594,039 12,13% 

 
Series Analysis 
Identification of the model structure 
Figure 1 shows that the number of landings in June and between December and January has increased 
considerably when compared to the other months. This may be due to the period of June festivals and 
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holiday season. After 2009, the series showed a tendency to grow. This tendency is not stationary in mean 
and in variance. 

 
Figure 1 - Series Graph (Landings) 

 
 

The graph of the autocorrelation coefficient function (ACF) and partial autocorrelation coefficient 
function (PACF), Figure 2, shows a non-stationary series, as the correlation coefficients are outside the 
confidence limits. The autocorrelation of the landing series slowly decays to zero as the lag increases. The 
partial autocorrelation functions exhibit characteristics of sinusoid. 
 

Figure 2: ACF (a) and PACF (b) for Landing 

 
 
Parameter Estimation of the ARIMA model with one Intervention 

Several ARIMA tests were performed with intervention for the variable landing. The best model with one 
intervention was the ARIMA (0,1,1), which showed better MAPE results, landings (MAPE = 5.71%), and 
autocorrelations within the confidence limit(Table 2). 
Summary of Model Parameters 
The Table 2 shows the summary of the model. 
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Table 2 - Summary of Model Parameters with Intervention for Landing 

 
 
Autocorrelation Analysis of Waste 

After finding the best model, the autocorrelations of the modeled series were also analyzed (Figure 3). 
The autocorrelation coefficient functions and partial autocorrelation coefficient function are within the 
confidence limits, this implies that the number of arrivals is stationary. The intervened observation for 
landing was observed in the point 28 (March / 2009). 

 
Figure 3: ACF (a) and PACF (b) modeled with point 28intervention 

 
 
Predictions 
The predictions were made for the last 5 observations of 2011. The predicted values showed a small error 
when compared to the observed, this shows that the model thus fits well to the series. 

 
 

 
 
 
 
 
 
 
 
 
It is shown in Figure 4 the observed behavior of the variable and the modeled data with one intervention 
of the model ARIMA(0,1,1). 

 
 

IMA(1,1) Estimate Standard Error Ttest p-value MAPE (%) 

q(1) 0,85 0,07 11,45 0,00 5,71 

Omega (1) 756,89 367,24 2,06 0,04  

Delta (1) 0,99 0,03 32,01 -  

Table 3 – Arrivals Predictions 

Forecasting Observed Residue 

46629,34 43006,00 0,084251996 

47273,82 48362,00 0,022500639 

47914,74 49067,00 0,023483319 

48552,12 47914,00 0,013318042 

49185,97 57314,00 0,141815721 



                Business Management Dynamics  

Vol.4, No.6, Dec 2014, pp.01-07 

   

©Society for Business and Management Dynamics 

Figure 4 - Model ARIMA (0,1,1) with one intervention for landing 

 
 
 
CONCLUSION 
The number of passengers arriving at the Aracaju airport is continuously growing. It was observed that 
only in the year of 2008 there was a decrease in this, when compared to the arrivals in the previous year. 
The model found for the variable landing was the ARIMA (0,1,1) with MAPE of 5.71%, and one 
intervention. Among the evaluated models, the ARIMA (0,1,1) was the best fit for the series. The 
autocorrelation values were within the confidence limits and the MAPE results were below 10%. The 
predicted values were similar to the observed ones, what shows that the model describes the variable 
under study. 
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