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Abstract 

 
Exponential smoothing methods are widely used for forecasting demand because they are very efficient and 

easy to apply. Holt Winters algorithm can be classified into Additive and Multiplicative seasonal Variations. In 
this algorithm there are three smoothing parameters associated with level, trend and seasonal factors. Among the 

seasonal variations Multiplicative method is the widely used for forecasting purposes as it works better than 

additive in most of the cases. The problem lies when the data series contains some values equal to zero, then the 

multiplicative HW algorithm cannot be applied. In this paper we propose an improved additive HW method and 

we treat the initial values for the level, trend and seasonal components as well as three smoothing constants as 

decision variables. The presented new method is applied to the rainfall dataset and comparisons with other 

methods are made on this case study data. 

 

Keywords:Holt Winters Algorithm, Multiplicative HW method, Additive HW method,Rainfall Prediction, Big 

Data 

 
 

1. Introduction 
 

Exponential smoothing is a rule of thumb technique for smoothing time series data using the 

exponential window function.Mining and extracting meaningful patterns from massive input data for decision-

making, prediction, and other inferencing is at the core of Big Data Analytics [1]. The leapfrogging of the 

discourse on big data to more popular outlets implies that a coherent understanding of the concept and its 
nomenclature is yet to develop [2].  To perform any kind of analysis on such voluminous and complex data, 

scaling up the hardware platforms becomes imminent and choosing the right hardware/software platforms 

becomes a crucial decision if the user’s requirements are to be satisfied in a reasonable amount of time [3]. In 

line with the scales of data explored into the big data volume, attempts to manage the wide range of sources 

including structured and unstructured data should concisely proceed into the velocity with the way in streaming 

data to be analysed in further [4]. 

 

A method of simple exponential smoothing is used to remove noise or to forecast the time series that do not 

show a clear trend and seasonality [5], whereas in the simple moving average the past observations are weighted 

equally, exponential functions are used to assign exponentially decreasing weights over time. It is an easily 

learned and easily applied procedure for making some determination based on prior assumptions by the user, 
such as seasonality. It is particularly suitable for production planning and stock control, where forecasts are 

made with large numbers of variables (stock accuracy forecasts are particularly important, because excessive 

forecasts lead to over-stocks and insufficient forecasts lead to stock shortages) [6].  

 

Simple exponential smoothing does not do well when there is a trend in the data, which is inconvenient.In such 

situations, several methods were devised under the name "double exponential smoothing" or "second-order 

exponential smoothing, which is the recursive application of an exponential filter twice, thus being termed 

"double exponential smoothing". Triple exponential smoothing applies exponential smoothing three times, 

which is commonly used when there are three high frequency signals to be removed from a time series under 

study. There are different types of seasonality: 'multiplicative' and 'additive' in nature.The HW method estimates 

three smoothing parameters which level, trend and seasonal factors. The seasonal factor can be of the 

multiplicative or additive form. On an average multiplicative method is preferred over additive method because 
it yields better results. There is a drawback when multiplicative versions is considered, all the values provided in 

the dataset should be non-zero values. 
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The aim of this paper is to introduce an improved forecasting method that will provide as good results as the 

multiplicative HW method and at the same time can be used for the data containing values as zero. In this paper 

we present an improved Holt winters method which helps in reducing the mean square error (MSE) and work 

for dataset values which contains zeroes. 

 

 

2. Related Works 
 

“A collection of data with complexity, diversity, heterogeneity, and high potential value that are difficult to 

process and analyse in reasonable time” and “a new type of strategic resource in the digital era and the key 

factor to drive innovation, which is changing the way of humans’ current production and living.”[7] Data 

mining is a process of secondary data analysis, and unlike the heavily model-driven modern statistics, data 

mining gives prominence to algorithms. In addition, it is important to note that while data mining techniques are 
computer-intensive, it poses no threat to the employability of humans as human expertise and intervention in the 

process continues to be mandatory [8]. While large VARs have been used for unconditional forecasting and 

structural analysis, limited attention has been devoted thus far to conditional forecasting [9]. 

 

 

3. Applied Methodology 
 
In this paper we have applied three methods and compared them to obtain results. “The ETS model considers 

the error, trend and seasonal components in choosing the best exponential smoothing model from over 30 

possible options by optimizing initial values and parameters using the MLE for example and selecting the best 

model based on the AIC”[10]. Holt-Winters adopts the maximum order of lags, set by the software, and applies 

the BIC. Accordingly, the Holt-Winters forecasts are obtained by minimizing the BIC in contrast to automatic-

arima which minimizes the AIC [11]. Exponential smoothing methods deal with smoothing parameters which 

are determined according to the past data. Recent observations are given relatively more weight in forecasting 

than the older observations [12]. We have applied the Multiplicative Holt Winters (MHW), Additive Holt 

Winter (AHW) and Improved Additive Holt Winters (IAHW) methods to predict the rainfall for a given dataset. 

The decision in choosing between additive method and multiplicative method depends on the time series 

characteristics as well because different methods will be suitable for different data and each method has its 
drawback as well. When the seasonal component is directly proportional to trend level the additive method 

should be preferable, whereas if size of the seasonal component is directly proportional to trend level 

multiplicative method should be preferable.  

 

Table 1. Training Dataset 
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3.1 Multiplicative Holt Winters method (MHW)  

 

This scheme is based on four equations, reported below for the sake of completeness, that compute the average 

value of the sequence in the past (Level), the trend of evolution in the future (Trend) and a seasonal term 

(Seasonality, which allows to exploit the presence of repetitive patterns), finally the last equation computes the 

weighted sum of the previous terms as forecast [13]. It has earlier been found that the overall out - of sample 

forecasting performance of ETS and ARIMA models evaluated via RMSE, MAE and MAPE is quite similar on 

both one-step and multi-step forecasts [14]. 

(1) Lt =  (Yt/ St-s) + (1 - )(Lt-1 + bt-1) 

 

(2) bt=Lt – Lt-1) + (1 – )bt-1 

 

(3) St =  (Yt / Lt) + (1 - )St-s 

 

(4) Ft+m= (Lt + btm) +St-s+m 

 

Here are the smoothing parameters (where lies in the interval [0, 1]), length of the seasonality is s, 
number of forecast ahead is m and observed data at time t is Yt. 

 
To calculate the level, Ls= (Y1 + Y2 + … + Yn) / s (in our case s = 4(Quarters)) is used. For initializing the trend, 

we do bs= (Ys + 1 – Y1) / s is used and for initial seasonal indices we calculate Sp= Yp / Ls, p = 1, 2, …, s 

 

. 

 

 
 

Fig 1. Rainfall prediction of velacherry using MHW 

 

3.2 Additive Holt Winters method (AHW)  

 

Equation for level, trend, seasonal factors and forecast are: 

 

(5) bt=Lt – Lt-1) + (1 – )bt-1 

 

(6) Lt =  (Yt/ St-s) + (1 - )(Lt-1 + bt-1) 

 

(7) Ft+m= Lt + btm + St-s+m 

 

(8) St =  (Yt - Lt) + (1 - )St-s 
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Equation (6) is similar to (2). As it can be observed by looking at the AHW and MHW equations the main thing 

that is different from the MHW and now is that previously the seasonal indices are divided and multiplied, 

whereas they are added and subtracted in this case. To initialize the seasonal indices we use Sp = Yp – Ls, p = 1, 

2, 3…, s. 

 

 

 

 
 

Fig 2. Rainfall prediction of velacacherry using AHW 

 

 

3.3 Improved Additive Holt Winters method (IAHW) 

 

The main and only difference between AHW and IAHW method is that equation (6) for level now changes to 
(9), while the equations (7), (5), (8) – for forecast, trend factors and seasonal factors remain the same. 

 

(9) Lt = Yt – St-s + (1 – )(Lt-1 + bt-1) 

 

If we compare the IAHW and AHW method, smoothing parameter) occurs only at Yt(Observed data at time 
t) and not at St-s. This is done to eliminate seasonal fluctuations from the smoothing value of Yt. When the 

average in its seasonality in period t-s is lesser than the smoothed value in time t (Yt> St-s) there will be an 
increase in level in comparison with the level in earlier period. When the average in its seasonality in period t-s 

is greater than the smoothed value in time t (Yt< St-s) there will be a decrease in level in comparison with the 
level in earlier period. The initial values for level, trend and seasonal indices are same as that of AHW method. 
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Fig 3. Rainfall prediction of velacherry using IAHW 

 

 

4. Results and Discussions  
 

We calculate the forecasts by using AHW, MHW and IHW method and compare results with each other. After 

calculating the Values using AHW, MHW and IHW we find that AHW has the highest error percentage among 

the three methods. Earlier, it has been found that the Multiplicative model is more smooth and reliable for use in 

forecasting.[15] The results suggest that there is not a single model that its forecasting accuracy consistently 

outperforms that of all other models for any of the countries under investigation and any of the forecasting 

horizons [16]. Some of the predictions were more accurate for MHW but most of the predictions were accurate 

for the IHW method. We get an error percentage of 36.489 with MHW whereas we get 30.205 error percentage 
for the IHW method. Our calculations have shown that MHW is better for rainfall prediction than that of IHW 

method. From our observations we have found out that for rainfall prediction we have 6% less error percentage 

for IHW algorithm. The main advantage here is that IHW algorithm is also applicable for both non-zero and 

zero valued data. 

 

Table 1. Rainfall data Calculation for the location velacherry 

 

IHW MHW 

Actual Predicted Error % Actual Predicted  Error % 

2.99 3.45 15.38 2.99 2.90 3.01 

2.776 3.446 24.13 2.776 0.84 69.7 

4.78 0.3475 92.73 4.78 0.635 86.7 

7.98 1.1.425 6.55 7.98 3.125 60.83 

2.78 1.44 48.21 2.78 3.05 9.71 

Average Error % 37.4 Average Error % 45.9 

 

Table 2. Rainfall data Calculation for location: aminjikarai 

 

IHW MHW 

Actual Predicted Error % Actual Predicted  Error % 

6.54 9.73 48.77 6.54 9.733 48.82 

6.14 6.15 1.62 6.14 6.385 4.07 

7.04 4.72 32.95 7.04 5.55 21.18 

8.79 7.02 19.67 8.79 7.89 10.23 

7.34 8.225 12.05 7.34 8.87 20.84 

Average Error % 23.01 Average Error % 21.075 

 

 
Table 3. Error Percentage of MHW and IHW 

 

Method Error% 

MHW 36.489 

IHW 30.205 

 

 

5. Abbreviations 
 

AIC: Akaike Information Criterion, ETS: Exponential Smoothing, BIC: Bayesian Information Criterion, RMSE: 

Root Mean Squared Error, MAE: Mean Absolute Error, MAPE: Mean Absolute Percentage Error, MHW: 

Multiplicative Holt Winters, AHW: Additive Holt Winters and IAHW: Improved Additive Holt Winters 

6. Conclusion 
 

Here we use demand forecasting to predict the rainfall. Choosing which method to apply for forecasting depends 

on various factors. Choosing the correct method depends on the data characteristics and the level and trend of 

the data. Exponential smoothing is one of the most frequently used forecasting methods because it is simple to 
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apply, fast, efficient and it is inexpensive for application. We have used Holt Winters algorithm methods to 

predict rainfall data from the past data. The aim of this paper was to introduce a method which is at least as 

accurate and efficient as Multiplicative Holt Winters method. Here in this paper we have introduced another 

method called Improved Additive Holt Winters method which is not only approximately 6% more accurate than 

that of multiplicative Holt Winters method. We have found out that the IAHW is on an average more accurate 

method than that of the MHW method but in some cases it is found that MHW is a bit accurate, but it can be 
concluded that data prediction is a tricky job and there will not always be one correct method for all datasets are 

considered.  
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