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Abrstract : 

The purpose of this project is to model in order to short term forecast the rainy seasons. One grid point (19°S, 47°E) located 

in the region of Miarinarivo-Itasy was taken as an example for the application. The data are the daily precipitations within 

the last 38 years (from 1979 to 2017). The rainy seasons were determined through the Anomalous Accumulation Method 

(AA). Two models were compared: the additive and the multiplicative seasonal model of the Holt-Winter’s exponential 

smoothing (HW). The Mean Absolute Percentage Error (MAPE) was used to check the quality of the model. The findings 

show that the additive seasonal model of Holt-Winter (α=0.1; β=0.3; ϒ=0.3) is a good forecasting model with a value of 

MAPE equal to 12.1%. Rainy season 2018-2019: November, 10th 2018 – March, 21st 2019. 
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1. Introduction: 

Madagascar is located in the south-West of the Indian 

ocean and possesses two seasons: wet season and dry 

season. Previously, onset and ends dates forecast of rainy 

seasons over different zones were determined [1], [2], 

[3]. In this project, the study is going to be at one grid 

point within Itasy. It is one of 22 regions of the island 

where 20.1% of the soil is arable [4]. Actually, the rainy 

seasons of this region start in November [5]. The 

determination of the specific onset and end dates of its 

rainy seasons can help avoid early sowing dates and 

improve the crop yields. However, the effect of the 

climate change makes the determination of the rainy 

seasons calendar difficult. 12 [6]. Moreover, this event is 

felt through the distribution of rainfall, its quantity, and 

through the early or late onset of rainy seasons in the 

island [7].  
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This is the reason why this project aims to model in order 

to forecast rainy season by minimizing the errors. A 

climatological study, from 1979 to 2017 was done. place 

of study is within Miarinarivo at a grid point (latitude 19°S 

and longitude 47°E).   

2. Methods: 

2.1 Zone of study  

As can be seen on figure 1, the study was done at a grid 

point (19°S, 47°E) within Miarinarivo-Itasy.  
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Figure 1: Representation of the place of study 

(19°S, 47°E) 

On this map, the grid point is represented by a blue star.  

2.2 Materials 

The data are daily precipitations, from 1979 to 2017, 

which were uploaded from the ECMWF (Europe Center 

for Medium Range Weather) site through ERA-Int 

experiences.  

The software MATLAB was used throughout the research 

for programming. Excel and XLstat, were used for 

compilation and for checking the results respectively. 

2.3 Methods 

The first step is the determination of the onset dates and 

the end dates of rainy seasons through the application of 

the Anomalous Accumulation method [8], [9], [10] on the 

daily precipitation. This method is described as: 

A(day) =  ∑ ( R(n) − R̅)
day
n=1                                             (1) 

with R(n): Daily precipitation   and  R: statistical mean 

Then these onset dates and end dates of rainy seasons 

from 1979 to 2017 were gathered to compose a new 

datum.  

Once the new datum is formed, the second step 

corresponds to the determination of the forecasting 

model trough the analysis of the new datum curve shape 

[11]. The Holt-Winter’s exponential smoothing was in use 

as a short time [12] forecasting model. Two models are 

discussed: the additive seasonal model and the 

multiplicative seasonal model. Each model possesses 

three parameters 0< α<1, 0<β<1, and 0<γ<1 

corresponding respectively to level, trend and seasonality 

[13]. Then, the three smoothing parameters is 

determined by comparing the values of the Mean 

Absolute Percentage Errors (MAPE) [14] corresponding to 

different triplets (α, β, γ). Once the parameters are 

determined, they are applied to both models: the additive 

and the multiplicative models.  

The Holt Winter’s Additive model: 

Level bt =  α(yt − St−s) − (1 − α)(bt−1 + at−1)        (2) 

Trend at = β(bt − bt−1) + (1 − β) at−1          (3) 

Seasonal St =  ϒ(yt − bt) + (1 − ϒ)St−s          (4) 

forecast Ft+h = bt+ hat + St+h−s           (5) 

The Holt Winter’s Multiplicative model: 

Level bt =  α
yt

St−s
+ (1 − α)(bt−1 + at−1)         (6) 

Trend at = β(bt − bt−1) + (1 − β) at−1         (7) 

Seasonal St =  ϒ
yt

bt
+ (1 − ϒ)St−s          (8) 

forecast Ft+h = (bt + hat)St+h−s          (9) 

h is the horizon and yt is the actual observation. 

The best model is the one which possesses a minimum 

value of MAPE. The evaluation of the model quality was 

done through the standard accuracy measure MAPE [14]. 

It is described by this equation: 

𝑀𝐴𝑃𝐸 =
100

𝑛
∑ |

𝑦𝑡−𝐹𝑡

𝑦𝑡
|𝑛

𝑡=1            (10) 

Actually, there is classification of the model quality 

corresponding to the value of MAPE (Table 1).  
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Table 1: Quality of the model corresponding to the value 

of MAPE [15] 

Value of the MAPE(%) Quality of the model 

MAPE < 10 Excellent 

10 < MAPE< 20 Good 

20 < MAPE< 30 Mean 

MAPE > 30 Bad 

 

After the determination of the best model, the fird and 

last step is the application of this model over the grid 

point. This consists in the validation of the model and the 

forecasting of the onset and end dates of the next rainy 

season. 

To give an idea of the methodology, here is a diagramm 

(figure 2).

 

 

 

 

 

 

 

 

 

 

 

 

  

 

                                                        

 

 

 

 

 

 

                                                                   

 

 

 

 

                                                                    

 

Figure 2: diagramm of the mothodology 

 

+: corresponding to the Additive seasosnal model 

*: corresponding to the Multiplicative seasonal model 
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3. Results: 

3.1 The evolution of the rainy seasons  

After applying the AA method on the daily precipitation, 

the onset dates and the end dates of the rainy seasons, 

from 1979 to 2017, were determined in order to create a 

new datum (figure 3). The minima represent the end 

dates of rainy seasons. The maxima correspond to the 

onset dates.  

 

Figure 3: Representation of the new datum formed with onsets and ends of rainy seasons from 1979 to 2017 at 

(19°S, 47°E) 

To have a specific look of the onsets and end dates of 

rainy seasons over this place, the fluctuation of both 

dates which limit rainy seasons will be represented 

separately (figure 4 and figure 5).  

 

Figure 4: Start dates of rainy seasons from 1979 to 2017 at (19°S, 47°E) 

The start dates of the rainy seasons at 19°S, 47°E fluctuate 

between the 278th (05th of October) and the 351th (17th 

of December) day of the year from 1979 to 2017. In 

average, statistically, the rainy seasons at this place start 

on the 11th of November. The minimum and the 

maximum were observed respectively in 1986 and in 

1993. 
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 Figure 5: End dates of rainy seasons from 1979 to 2017 at (19°S, 47°E) 

The end dates of the rainy seasons at the grid point (19°S, 

47°E) vary between the 45th (14th of February) and the 

114th (24th of April) day of a year. In average, statistically, 

the rainy seasons at this place end on the 19th of March. 

The minimum and the maximum were observed 

respectively in 2006 and in 2012. 

  3.2 Modeling and forecasting of the rainy 

seasons 

After compiling 729 times the code program and after 

comparing the value of the MAPE corresponding to the 

different triplet (α, β, ϒ), the best parameters 

corresponding to the minima values of MAPE for both 

models are shown on table 2. 

Table 2: The best smoothing parameters for both 

methods corresponding to the new datum at (19°S, 47°E) 

Type of the 

model 

MAPE(%) Alpha  Beta  Gamma  

Additive 

seasonal 

model 

12.72 0.1 0.2 0.4 

Multiplicative 

seasonal 

model 

12.68 0.1 0.3 0.3 

 

The comparison of the MAPE values corresponding to 

both models shows that the MAPE of the Multiplicative 

seasonal model is less than the Additive one. So, the best 

smoothing parameters are (α=0.1, β=0.3, ϒ=0.3).   

The application of these smoothing parameters (α=0.1, 

β=0.3, ϒ=0.3) to the two models leads to the comparison 

of the values of MAPE corresponding to both models 

(figure 6). 

 

Figure 6: Comparison of the two models 

through their values of MAPE with  

(α=0.1, β=0.3, ϒ=0.3) at 19°S, 47°E 

As shown on this figure, the MAPE of the Multiplicative 

seasonal model is upper than the MAPE of the Additive 

seasonal model with a value equal to 12.15%. Then, the 

Additive seasonal model of the Holt-Winter’s exponential 

smoothing with α=0.1, β=0.3, and ϒ=0.3 is going to be 

kept for the application.  As the model is determined, let 

us validate it through the comparison of the theoretical 

values and the values of the new datum. The year 2017 

was kept for the validation of the model (table 3). 
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Table 3: Validation of the Additive seasonal model (α=0.1, 

β=0.3, ϒ=0.3) at (19°S, 47°E) in 2017 

Data Additive 

seasonal 

model  

95% 

lower 

band 

95% upper 

band 

April, 01st  March, 

21st  

February, 

12th  

April,  

27th  

November, 

14th  

November, 

10th  

October, 

04th  

December, 

18th   

The value of the MAPE corresponding to the validation of 

the model is 6.6%. So, the validation of the model is 

excellent. There is 10 days and 4 days between the datum 

and the model for end date and onset date respectively.  

The forecast of the onset and end dates of the next rainy 

season, I mean for rainy season 2018-2019 is shown on 

table 4.  

Table 4: Forecast of rainy season 2018-2019 at (19°S, 

47°E) 

Year  Forecast 

dates 

95% lower 

band 

95% upper 

band 

Onset 

 2018/2019) 

November, 

10th  

February, 

08th  

May, 01st  

End  

(2018/2019) 

March, 21st September, 

30th  

December, 

22nd  

In this table, the year of the forecast is written in bold.  In 

fact, the rainy seasons of Madagascar start within the 3 

last months of the year and end within the 3rd and the 4th 

month of the next year. So, the next rainy season is 

supposed to start on the 10th of November 2018 and end 

on the 21st of March 2019. An error of ± 42 days and a 

value of error being ± 45.5 days are observed for the 

onset date and the end date respectively.  

The new datum, the model, and the application of the 

model are represented on the figure 7 for a sight.  

 

Figure 7: The modeling of rainy seasons at (19°S, 47°E) from 1979 to 2017 

Large time lags are observed between the datum 

curve(blue) and the model curve(red) on 1993, 1995, 

2001, and 2006. For example, in 1993, the onset date of 

the model(red) lags behind the datum(blue) one. Despite 

these errors, the datum curve(blue) overlaps with the 

model curve(red). The validation(magenta) and the 

forecast(black) curves are limited by a 95% confident 

band(green).  

 

4. Discussion and conclusion: 

The new datum is a periodic curve (figure 3) with a period 

equal to two. In fact, there is one wet season and one dry 
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season over all regions of Madagascar each year [16]. The 

onset of the wet seasons is within the 3 last months of the 

year, especially in November [5] over the central part of 

Madagascar. As can be seen on figure 4, the start dates of 

rainy seasons at (19°S,47°E) is in November, dates within 

the period of the onset of wet season. The end of the wet 

seasons is between March and April [3]. The end dates of 

rainy seasons at (19°S, 47°E) (figure 4) are within this 

period. Actually, there is no link   

between the onset dates and the end dates of rainy 

seasons at the grid point (19°S, 47°E) from 1979 to 2017. 

Among 729 values of MAPE, 12.68 was the minimum one 

which corresponds to α=0.1, β=0.3, and ϒ=0.3 (table 2). 

The values of smoothing parameters are less than 0.4. 

With a value of MAPE being 12.15% (figure 6), the 

Additive seasonal model is classified as a good [15] model 

with an excellent [15] validation (table 3) with a value of 

MAPE equal to 6.6%. The application of the model shows 

that the rainy season 2018-2019 is supposed to start on 

the 10th of November 2018 and end on the 21st of March 

2019 with an error being ± 43.5 days (table 4). It is the 

time lags between some onset and end dates of actual 

data and the model (figure 7) which makes this error large 

enough.  This error is large enough if we want to forecast 

rainy seasons with specific onset and end dates. So, a 

future project is dedicated to minimize this error. May be, 

the analysis of other validation error measures such as the 

Mean Absolute Deviation(MAD), Mean Square 

Error(MSE), … and the reduction of the parameters step 

into less than 0.1 can make the model more specific. 

Another outlook is the determination of two independent 

forecasting models: for the onset dates and for the end 

dates. 
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