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Abstract 

An approach to investigating the existence of trend and seasonal patterns in a time series is 

proposed. The approach utilizes well known exponential smoothing methods: single 

exponential, double exponential and Holt-Winters’. The approach was applied on monthly 

maximum temperature data. Three measures of accuracy (Mean absolute percentage error, 

Mean absolute deviation and Mean squared deviation) were used as performance indicators. 

The double exponential smoothing method recorded higher values of the three performance 

indicators than the single and hence, performed worse than the single exponential method, 

suggesting absence of trend in the series. The Holt-Winters’ method on the other hand, 

performed better than the double exponential method having recorded lower values of the 

performance indicators. This implies that the series is seasonal. A comparison of this 

approach to existing standard testing procedure for trend and seasonal forms should be an 

appreciable contribution to the literature, and is hence, worth investigating. 
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1. Introduction 

Time series modeling is carried out with the ultimate aim of forecasting the future values of 

the series. So we hear of stock price forecasting, exchange rate forecasting, weather 

forecasting, demand forecasting, population forecasting and so on. All these forecasts have 

the aim of aiding planning. Stock price forecast will for instance aid the investor in 

determining when best to buy or dispose stocks; exchange rate forecasts will aid foreign 

currency dealers in making investment decisions; weather forecast can aid travellers in 

planning trips and could also help the farmer in planning farming activities; it could also aid 

social event planners. 

Various approaches exist for modeling time series. Among these is the exponential 

smoothing family of models. The most fundamental of these models is the single exponential 

model. The model models only the level of the series. It was extended to include trend 

component by Holt (1957). The Holt’s model is also referred to as double exponential 

smoothing model. Winters (1960) extended Holt’s model to incorporate seasonal component 

to cater for seasonal data. Modeling involving exponential smoothing based models include 

Taylor (2003), Bermudez, Segura and Vercher (2007), Gelper, Fried and Croux (2010), 

Adhikari and Agrawal (2012), Vercher, Corberan-Vallet, Segura and Bermudez (2012), 

Tratar (2013), Hansun (2017) and Bolarinwa and Bolarinwa (2021). 

Trend is currently being studied through graphical means and statistical tests 

including parametric t-test for linear trends and nonparametric Mann–Kendall and 

Spearman's rho tests for monotonic trends. Seasonality can also be investigated through 

graphical means (See Chambers, Cleveland, Kleiner, and Tukey, 1983; Box, Jenkins, and 

Reinsel, 1994). Kendal and Ord (1990), Rogerson (1996), Chatfield (2004), Iwueze and 

Nwogu (2004, 2014) are contributors to the literature on statistical tests of seasonal effect. 

The focus of this article is to investigate the existence of trend and seasonal patterns 

in a series through exponential smoothing rather than usual statistical test. It is based on the 

principle that if fitted Holt’s model does not perform better than single exponential model 

based on a performance indicator, it may imply absence of trend in the series; so also, if 

Winters’ model does not improve fit over Holt’s model it may also mean that the series does 

not contain seasonal effect. It is a suggested approach to bypassing statistical tests for trend 

and seasonal effects. 

The rest of the article is organized this way: Section 2 discusses Methodology and 

Section 3 discusses Results and Discussion. The last section discusses Conclusion. 

2. Methodology 

Data 

Data are monthly average maximum temperature data covering January 2003 to December 

2017. The data were collected from National Cereals Research Institute (NCRI), Baddegi, 

Bida, Niger State, Nigeria.  

 

Model 

Single exponential model 

The single exponential model is the oldest and most fundamental of exponential smoothing 

methods. It is of form: 

ttt yyy ˆ)1(ˆ
1                       (1) 

where 11
ˆ yy  and 10  . 
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The quantity, α is the only smoothing parameter and it accounts for the level. The model does 

not perform well in the presence of pronounced trend and or seasonal patterns. The smaller 

the value of α is, the smaller the influence of recent values on forecasts. 

Double exponential smoothing model 

The double exponential smoothing is of form 

))(1( 11   tttt blyl 
                                                            (2a)

 

11 )1()(   tttt bllb 
                                                           (2b)

 

ttkt kbly 
ˆ

                                                                                        (2c)
 

where  10 ;10    are smoothing constants accounting for the level and trend 

respectively. Quantities lt and bt respectively, denote smoothed estimates of the level and 

trend at time t. kty ˆ
 
is the k-step-ahead forecast. 

 

The Holt-Winters’(H-W) Model 

The H-W method has the additive and the multiplicative versions. The additive model, being 

the one of interest is of form 

))(1()( 11   ttpttt blsyl 
                                  (3a)

 

11 )1()(   tttt bllb 
                              (3b)

 

ptttt slys  )1()( 
                              (3c)

 

pktttkt skbly  ˆ
                             (3d)

 

where 10  10 ;10   and  ;   , are as initially defined and δ is smoothing 

constant accounting for the  seasonal component. Quantity p represents seasonality and 

assumes 4 and 12 respectively, for quarterly and monthly data. As usual, kty ˆ is the k-step-

ahead forecast. 

 All the models were estimated such that forecast error sum of squares were 

minimized. That is, the parameters of the models were not arbitrarily but optimally 

determined.  

Performance Criterion 

Performance indicators used are Mean Absolute Percentage Error (MAPE), Mean Absolute 

Deviation (MAD) and Mean Squared Deviation (MSD). 

 

3. Results and Discussion 

 

 
Fig. 1. Plot for single exponential smoothing          Fig. 2. Plot for double exponential smoothing    
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Fig. 3. Plot for Winters’ model (Alpha level=0.4; Beta level=0.1; Delta level=0.1) 
 

Figures 1 to 3 display true and fitted values for the three smoothing methods under 

investigation. Precise differences cannot be understood from these diagrams. However, 

accuracy measures available will be of great help in gauging differences in performance.  
 

Table 1. Forecast accuracy measures 

 Exponential Model Type 

 Single Double Holt-Winters’ 

MAPE 4.35571 4.44873 2.14111 

MAD 1.49070 1.52242 0.73044 

MSD 3.52383 3.68790 0.87588 

 

Three forecast performance indicators have their values for the three models summarized in 

Table 1. The double exponential model has produced performance indicators that are higher 

than those of the single exponential model. Since the former has trend incorporated into it, 

emergence of higher values of indicators implies that involvement of trend in the model has 

resulted into lower performance when compared to single exponential model that contains no 

trend. Therefore the series does not contain trend. Lower values would have suggested 

otherwise. On the other hand, lower indicator values are recorded for the Holt-Winter’s 

model compared to the double exponential model, implying the existence of seasonal pattern. 

The results have therefore suggested that the series contains no trend but harbors seasonal 

pattern. Higher values would suggest otherwise. This is a suggested alternative to performing 

statistical tests for the existence of trend and seasonal patterns. Results also suggest that it is 

best in this instance to make forecasts using the Holt-Winters’ model. 

 

4. Conclusion 

This research has proposed use of exponential smoothing methods to ascertaining presence of 

trend and seasonal effects in a series. It is proposed as an alternative to standard statistical 

testing procedure for doing same. An improvement of double over single exponential 

smoothing model means presence of trend in series while poorer performance suggests 

otherwise; also an improvement of Holt-Winters’ over double exponential model implies 

presence of seasonal pattern in series while a poorer performance suggests otherwise. Results 

obtained on data suggest absence of trend and presence of seasonal pattern in the series. 

Application of this approach on other series and comparison to standard statistical testing 

procedure is worth exploring and should be an appreciable contribution to the literature on 

the subject. 
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