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Introduction:   

            The time series prediction corresponds regularly to the analysis of observations 

occasional in the time. In this article, the monthly time step has been chosen for discharge and 

rainfall data.   

           The study of the forecasting done early uses the classic statistical methods, to know the 

forecasting by adjustment of law of distribution of the extreme values, and the frequencies 

study based on the Fourrier analysis.  

           In this article, the combination of the self regressive methods and moving average has 

been used in order to forecast the evolution of the rainfall and the discharge. The first, 

ARMA(p,q) model, the second, the ARIMA(p,d,q) model integrates the data, and the 

ARIMA(p,d,q)(P,D,Q) process that takes in account the seasonal variations.    

           The purpose of this paper is to know which of these three models is the more adapted 

to the forecasting of the rainfall and discharge data.   

Methodology:   

 Study area:    

      Our site of study is the Vohiparara station. It is find in 21°14' Latitude South - 47°23' 

Longitude East. This station controls a drainage basin of 445km2. The middle altitude of the 

basin is 1250m        

       A scale had been implanted in 1929 for the study of discharges to hydroelectric use. The 

ORSTOM scale has been installed in November 1951, downstream the first, to 400m 

upstream of the first falls. Remove in 1960, on the occasion of the road repairing, it has been 

reinstalled in October 1960, then in January 1970 after the passage of the JANE cyclone. The 

period of study spreads of 1952 à1989.   

      Soil is constituted of a pedestal “migmato-gneissique”, sometimes covered of clay 

“latéritique”,   

      On the West part of the drainage basin, there are some savannas, prairies and of the 

replanted forests, and also of numerous rice fields.    

      In the part is, one finds some forests secondary, with, in part, of the primary forest shreds 

(Joël Danloux, Luc Ferry, Pierre Chaperon, Paris 1993).     

Data:   

      The rainfall data in millimeter, and of discharge in cubic meter per second have been 

gotten in the meteorological station, at the hydrological service of Ampandrianomby in 

Antananarivo. The data spread on about thirty years.   

ARMA(p,q), ARIMA(p,d,q), and SARIMA(p,d,q)(P,D,Q) models:    

The ARMA model is a mixture of the self regressive models and moving average.   

A process ( )tX  is an ARMA(p,q) process if it is stationary, that means their white noises tε  

and t kε −  are independent, for all k, for all t, as:   

1 1 1 1... ...t t p t p t t q t qX X X ε θ ε θ ε− − − −= Φ + + Φ + + + +  , for all t. 

These processes are stationary under some conditions, and can be writing as:   

( ) ( )t tL X Lθ εΦ =  

Where  1( ) ... p

pL II L LΦ = − Φ − − Φ  

And 1( ) ... p

pL II L Lθ θ θ= + + +  

   



II is the matrix identity, L represents the delay operator, to the sense where 1t tLX X −= , and 

with the convention 1p p
L L Lο −= , either: p t t pL X X −= , the serie (Yt), as t p tY L X=  is then the 

serie ( tX ) retarded of p periods.   

In the same way, a non stationary process is integrated of order 1, differentiated until it 

becomes a stationary process; (
tX ) non stationary will be said integrated of order 1 if the 

process (
tY ) defines by:  

1t t tY X X −= −  (1 ) tL X= −  is stationary.    

The process (Xt) can be written like this:   

( ) ( )(1 ) ( )d

t t tL X L L X Lθ εΠ = Φ − =  

Will be the ARIMA(p,d,q process), tε  is a white noise.   

For the real data, d will be noted d = 1, 2 or 3 (to the maximum). It means that (Yt) defines 

like difference of d order of the process (Xt). ( )LΠ is the product of delay operators L. 

SARIMA models it is a model ARMA integrated and taking into account the seasonal part of 

the data (Arthur Charpentier,2000).   

Estimate of the models parameters:   

For the model of p and q order, i for 1 to p and j for 1 to q, the parameters [ ]iΦ  and jθ  will 

be determine by the maximum verisimilitude method. The probability of apparition of the 

elements is raised if the verisimilitudes function ( , , )V θ σΦ is maximum, that means:  

( , , )V θ σΦ ( , , )P θ σ= Φ  

  The variables valuers Φ and θ  that would return the probable forecasting values areϕ  and 

ϑ as : ( | , ) ( | , )t tp X p Xϕ ϑ φ θf  What comes back to maximize its logarithm, either:   
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∑  is absolutely minimal.   

All these models of forecastings, to know ARMA(p,q),ARIMA(p,d,q) and 

SARIMA(p,d,q)(P,D,Q), are based on the DURBIN-LEVINSON algorithm: 

1
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k
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=∑  

The kα  parameters is choose in order to minimize the prediction error.(Arthur 

Charpentier,2000).   

  

 

 

 

 

 

 

 

 

 

 

 

 

 



Results:   

Results of the discharges forecasting:   

ARMA(2,12) forecasting of the monthly discharge of 1952 to 1979:   

The monthly data of discharge spread from January 1952 to December 1979. The forecasting 

with the ARMA(2,12) method had begun the January 1980 and have been finished in 

December 1980.   
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Figure1: Comparison of the ARMA(2,12) forecasting and the real value of the monthly 

discharge.  

 For the ARMA forecasting of the monthly discharge of the year 1980, the months of January, 

June, September, October, presents a deviation.   

 

ARIMA(2,1,12) forecasting of the monthly discharge of 1952 to 1979:   

The forecasting with the ARIMA model has been made on the same period that with ARMA.   
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Figure 2: Comparison of the ARIMA(2, 1, 12)  forecasting with the real value of discharge.   

At the time of the use of the ARIMA(2, 1, 12) forecasting, that means when the process was 

integrate once, a reduction of difference between the forecasting and the real value of monthly 

discharge has been observed.   

 

SARIMA(2,1,12)(1,1,1) forecasting of the monthly discharge of 1952 to 1979   

The forecasting with the SARIMA method has been made on the same period that the two 

previous methods.   
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Figure 3: Comparison of the SARIMA (2, 1, 12) (1, 1, 1) forecasting with the real value of 

discharge.   

While introducing the seasonal components, an improvement has been noticed for the 

forecasting.   

 

Mistakes of forecasting of the three models(ARMA,ARIMA, and SARIMA) for the monthly 

discharge data:   
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Figure 4: Mistake of three models ARMA, ARIMA and SARIMA forecasting of the monthly 

discharge data.   

    For the first four months of forecasting that means from January to April, the method 

ARMA (2,1) estimates the real values of discharge better, but for the other months, of May to 

December. The forecasting with seasonal components SARIMA (2, 1,12) (1, 1, 1) is the best 

model.   

 

Results of rainfall forecasting:   

ARMA(24,12) forecasting :    
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Figure 5: Values forecast by ARMA(24,12) and values real of the monthly rains.   

A gap is noticed enter the forecasting with the ARMA(24,12) model and the real values, this 

distance is constant safe for the first and the last month of forecasting.    

   

 



 

   ARIMA(24,1,12) forecasting:     
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Figure 6: Values foreseen by ARIMA (24,1,12) and values real of the monthly rains.   

The ARIMA(24,1,12) model estimates the values of rain better. On this figure, the difference 

between the ARIMA(24,1,12) forecasting and the real value is less important than the one 

observed with the model ARMA.     

 

  SARIMA(24,1,12)(1,1,1) forecasting:   
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Figure 7: Values forecasting by SARIMA(24,1,12)(1 ,1,1) and real values of rains.   

On this figure, the difference between the forecasting values and the real values are minimal.      

 

Mistakes of forecastings of the monthly rainfall data by the three methods ARMA, ARIMA 

and SARIMA:   
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Figure 8: Mistakes of forecasting of the three ARMA, ARIMA and SARIMA models.   

On this figure, it is the ARIMA model that presents the mistake the more close to zero, 

however, the committed mistake as using the SARIMA model is therefore constant while 

multiplying by a factor; It is the SARIMA model that is the best.    

  

 Discussion and Conclusion: 

During this study, ARMA(2,12),ARIMA(2,1,12), and SARIMA(2,1,12)(1,1,1) are the pattern 

fixed to foresee the monthly discharge data.   



With the ARMA(2,12) model, the mistakes of forecasting are big enough. It is due that the 

data must be integrated. With the ARIMA(2,1,12 )model which integrates the data once, the 

forecasting improved, nevertheless, it remains always a some difference. The figure 

illustrating the mistakes committed while using the three models watch that the 

SARIMA(2,1,12)(1,1,1) model that is the best model to foresee the monthly discharge data. 

It’s explained that the data must be integrated, and they also present a marked seasonal part 

that requires the hold in account of the seasonal components. It is the case of the 

SARIMA(2,1,12 model).   

For the rainfall data, the p and q parameters used are not the same that those used at the time 

of the forecasting of the discharge data. It is due in fact that the parameters used changes in 

functions of the data to foresee. The choice of these parameters is made while using the 

method of maximum verisimilitude that gives the parameters for which the forecasting value 

is the likeliest. Model them used are: ARMA(24,12), ARIMA(24,1,12) and  

SARIMA(24,1,12)(1,1,1).  

         Among these models talked, SARIMA estimates best the real values for the rain 

forecasting, because on the discharge data, it is necessary to integrate the data first once, and 

the rainfall data present a seasonal part that divides the year in two, of November to April, the 

strong rains periods and May to October the dryness periods.        

  In conclusion, it is the SARIMA model that is the best model to forecast the rainfall and the 

discharge.      
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