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This paper focuses on time series forecasting of monthly occurrence of fatal road accidents in Ondo State of 

Nigeria. Its aim, however, is to use time series analysis to analyze the data obtained from Federal Road Safety 

Corps (FRSC), Ondo State Command; which was considered in two cases: the total cases reported (TCR) and the 

number of deaths resulted from accidents (NOD). Various smoothing models for time series were used to analyze 

the two cases. Based on the models, predictions were made and the results show a steady increase as a result of 

long-term effects on road accidents for the two cases. It was found also that simple exponential smoothing model 

is the appropriate model for both TCR and NOD. 
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Introduction  

Before the advent of modern transportation system, Human beings either moved from one place to another 

by trekking or by using of animals like donkeys, camels and horses. But today, technology has brought about 

faster means of transportation from one place to another. There are three major means of transportation, they 

are: road, air and sea. 

Of these, the road is the cheapest, the most used and most accessible. The growth of all forms of economic 

and social activities is integrated with road transport. It facilitates mobility which is a requirement to the social 

economic well-being of the society [1]. Traffic and transport engineers have been working tirelessly for better 

road transport system particularly on its accessibility and mobility. 

However, the progress may not necessarily be a benefit to non-motorized traffic. On the contrary, it is 

more likely to enhance the risk for the severity of conflicts between road users and vehicles. Road transport 

results in maximum number of fatalities among various transportation modes. According to the world Heath 

Organization (WHO), more than a million people usually lose their lives on the World’s road each year [2]. 

The issue of road accidents has been a serious problem in the World, the transportation profession is 

facing the challenges of effective management of traffic safety. For instance, [3] opined that in the United states 

of America, road traffic accidents are the leading cause of death for the age between 4 through 34. As revealed 

by [4], road traffic accidents in Korea increased nearly eight-fold from 37,000 in 1970 to 290,481 in the year 
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2000, which was also the leading cause of death for people under the age of 29. As reported by [5] and the 

references therein, a total number of 28,890 road traffic accident deaths occurred in South Africa during the 

period 2001 – 2006; and in Ghana, about 1,900 persons are killed annually by road traffic accidents. 

In Nigeria, road traffic accident issues have become a national problem. Akpoghomeh in [6] stressed that 

from 1960 to 2011, a total number of 1,001, 775 recorded road traffic accidents occurred on Nigerian roads 

which resulted in at least one death every two hours and at least one injured every 30 minutes. This made 

Nigeria to be ranked the second highest in road traffic accident fatalities among 193 countries in the World. 

Statistics have shown that Ondo State is among the States that have highest numbers of road accident 

casualties in Nigeria [7]. In his work, he opined that between 2004 and 2007, the number of casualties is 3377 

which is 3.06% of the total number of casualties. This made Ondo State ranked medium among the grouping of 

States on severity of road traffic accidents’ casualties in Nigeria. 

Having given the above preamble, the remaining part of this work shall be structured as follows: In 

Section 2, the materials and the theoretical frameworks of the study are given. In Section 3, the data sets for this 

work are analyzed. Section 4 is dedicated to the discussion of results. The concluding remark is given in 

Section 5. Finally, a list of recommendations based on the established results is provided in Section 6. 

Materials and Theoretical Frameworks 

The data for the study were collected on monthly basis from the Federal Road Safety Corps (FRSC), Ondo 

State Sector Command for the period between January 2005 and December 2014. The data were classified into 

two types: the total cases reported of accident (TCR) and the number of deaths resulted from accident (NOD). 

Based on the fact that the data is a time-sequence data collected at regular interval (monthly), we would 

adopt the method of time series forecasting in analyzing the data. Time series forecasting is the use of a model 

to predict future value, based on previously observed values, and thus, time series analysis on the other hand 
refers to that body of principles and methods, which deal with analysis of the observed data , 1, 2, ,tY t n  . In 

this work, we shall employ the following forecasting models: moving average method and exponential 

smoothing models. 

Moving Average Model 

One of the easiest and the commonest time series forecasting methods is that of the moving average. It can 

be defined as an artificial series which describes the overall behaviour of a time series [8]. The method is based 

on averaging a fixed number of consecutive terms of a time series. The averaging “moves” over time, in that 

each data point of the series is sequentially included in the averaging, while the oldest data point in the span of 

the average is removed. In general, the longer the span of the average, the smoother is the resulting series. 

Generally, the moving average method is given by 
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where 
1tY 


 is the predicted value for the series at time t , tS is the smoothed value at time t , iY  is the value 

of the series at time i and n is the number of values needed for the calculation of the moving average [5]. 

Moving average is simple and easy to calculate but have some drawbacks. Depending on the number of 

values used in the average, a moving average may obliterate periodic fluctuations in the data or rather; it may 
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create false ones not present in the original series. Also, it is not easy to extrapolate with moving average model 

as it is possible with other models. When a moving average is used for forecast, it always tends to lag behind 

trend. To circumvent these problems, an alternative method (exponential smoothing methods) is used. 

Exponential smoothing 

This procedure as first suggested by [9] in 1957 is a forecasting method which largely overcomes the 

shortcomings of moving averages. It involves the automatic weighting of past data with weights that decreases 

exponentially with time. That is, most current values receive the weighting and the older values receive a 

decreasing weighting [10, 11] 

Simple exponential smoothing forecasting model. This forecasting method is most widely used of all 

forecasting techniques. It requires little computation. This method is used when data pattern is approximately 

horizontal (i.e., there is no neither cyclic variation nor pronounced trend in the historical data). 
Let an observed time series be 1 2, , , nY Y Y . Formally, the simple exponential smoothing equation takes the 

form of 

1
ˆ ˆ(1 )t t tY Y Y                                        (2) 

where tY  is the actual, known series value for time period t , t̂Y  is the forecast value of the variable Y for 

time period t , 1t̂Y   is the forecast value for time period 1t   and   is the smoothing constant [12]. 

Holt forecasting model. In [9], the extension of simple exponential smoothing was done to allow 

forecasting of data with a trend. That is, the model is good for non-seasonal data with a trend which involves a 

forecast equation and two smoothing equations (one for the level and one for the trend): 

1t̂ t tY S T                                         (3) 

1 1 1 1 1(1 )( ) , 0 1t t t tS Y S T                                  (4) 

2 1 2 1 2( ) (1 ) , 0 1t t t tT S S T                                 (5) 

where 1t̂Y  is the forecast, tS  is the component of level, tT  is the component of the trend, 1 is the smoothing 

parameter for the level and 2 is the smoothing parameter for the trend. 

For a longer range forecasts, the forecast function follows the trend: 

t̂ m t tY S mT                                       (6) 

Holt-Winters’ forecasting model. Holt-Winters’ model in honour of P. R. Winters pioneering work of 

1960 is a generalized exponential smoothing procedure which deals with time series containing trend and 

seasonal variations. The trend and seasonal variations used in this procedure are updated by exponential 

smoothing method [13]. The Holt-Winters’ method has two versions, additive and multiplicative, the use of 

which depends on the characteristics of the particular time series. We shall first discuss the multiplicative 

Holt-Winters’ model. 

(a) Multiplicative Holt-Winters’ model 

The general forecast function for the multiplicative Holt-Winters’ method is: 

|
ˆ ( ) 1, 2,t m t t t t L mY S mT SM m                                (7) 
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where |t̂ m tY  is the forecast, tS  is the component of level, tT  is the component of the trend, and tSM  is the 

relevant seasonal component, with L signifying the seasonal period. Since our work is basically a monthly 
time series, we therefore have a one-step ahead forecast and thus (7) reduces to 

1| 1
ˆ ( )t t t t tY S T SM                                     (8) 

The updating formulae for the three components are given below: 

1 1 1 1 1(1 )( ) , 0 1t
t t t

t L

Y
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                             (9) 

2 1 2 1 2( ) (1 ) , 0 1t t t tT S S T                               (10) 

3 3 1 3(1 ) , 0 1t
t t

t

Y
SM SM

S
                              (11) 

where S , T and SM are respectively the smoothed value of the diseasonalized time series, trend and seasonal 

index and tY  is the actual data set. 

(2) Additive Holt-Winters model 

If the additive version of Holt-Winters was used, the seasonal factor is simply added as opposed to 

multiplied into the one step ahead forecast function and thus (8) becomes 

1| 11t̂ t t t tY S T SM                                   (12) 

and hence the level and seasonal updating equations involve differences as opposed to ratios: as follows: 

1 1 1 1 1( ) (1 )( ) , 0 1t t t L t tS Y SM S T                               (13) 

3 3 1 3( ) (1 ) , 0 1t t t tSM Y S SM                            (14) 

The trend component, tT , remains unchanged. 

Data Analysis 

In this section, we shall carry out time series analysis and forecast on the two data sets (i.e. the TCR and 

the NOD) using Zaitun time series package. These shall be on moving average model (MAM), the simple 

exponential smoothing model (SESM), Holt model (HM), Holt-Winters multiplicative model (HWMM) and 

Holt-Winters additive model (HWAM). 

Discussion of Results 

From the data sets in Tables 1 and 2, the time series plots in Figures 1 and 2; exhibit a stochastic linear 

trend. These show that there was a great variation in occurrence of the total cases of accident reported and the 

number of deaths resulted from accident between 2005 and 2014 in Ondo State. Descriptively, it is evident 

from these tables and Figure 3 that the month of December of every year has the highest number of both total 

cases reported of accident and the number of death resulted from accident. This may be due to the festive nature 

of this period. However, March and August have the lowest number of total cases reported of accident and the 

number of deaths resulted from accident respectively. 

From the analysis and Figures 4 and 5, it is evident that there is no pronounced trend in both the total cases 

reported of accident and the number of death resulted from accident in Ondo State. This is exhibited in the 

results of the models. Hence simple exponential smoothing model is the most appropriate model for both the 

total cases reported of accident (TCR) and the number of deaths resulted from accident (NOD). 
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Table 1 

The total case reported of accident between 2005 and 2014 

Year / Month 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 
Total in a 
month 

January 3 6 9 24 18 31 28 22 26 29 196 

February 6 4 16 25 26 28 33 36 14 32 220 

March 5 7 20 23 18 56 15 30 34 17 225 

April 5 8 31 14 25 21 19 34 29 28 214 

May 5 5 23 21 4 28 22 26 20 25 179 

June 3 8 17 19 22 20 23 29 21 12 174 

July 1 8 24 18 30 29 28 41 30 20 229 

August 2 8 19 15 16 22 42 21 36 26 207 

September 9 5 24 10 15 25 31 25 25 22 191 

October 6 3 18 23 17 21 25 19 20 29 181 

November 5 1 17 24 35 16 23 28 23 22 194 

December 3 4 18 32 14 7 50 38 34 26 226 

Total in a year 53 67 236 248 240 304 339 349 312 288 2436 

Source: Federal Road Safety Corps: Ondo State Command 
 

Table 2 

Number of deaths resulted from accident between 2005 and 2014 

Year / Month 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 
Total in a 
month 

January 5 4 4 26 3 24 10 24 21 15 123 

February 12 0 18 15 10 26 31 20 7 15 154 

March 3 2 14 15 15 21 13 23 13 6 125 

April 5 2 24 20 13 28 20 18 15 18 163 

May 21 11 16 12 0 20 10 10 11 15 126 

June 0 6 9 4 19 19 34 15 5 5 116 

July 2 2 26 13 5 43 21 22 22 9 165 

August 0 0 6 5 25 10 52 20 21 18 157 

September 1 8 17 1 8 5 27 23 18 7 115 

October 7 10 10 14 7 33 19 14 27 21 162 

November 8 0 14 9 32 27 8 19 12 15 144 

December 0 26 18 12 4 0 45 112 18 22 257 

Total in a year 64 71 176 133 141 256 290 320 190 166 1807 

Source: Federal Road Safety Corps: Ondo State Command 
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Figure 1. Time series plot of Ondo State total reported cases of accident data 
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Figure 2. Time series plot of Ondo State number of death resulted from accident data 
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Figure 3. Bar Graph showing the comparison between the total number of cases reported of accident and the number 
of death resulted from accident. 

 

Table 3 

Models forecast of TCR for 2014 using 2005 – 2014 data 

Month Actual values 

Models (Predicted values) 

MAM 
Exponential smoothing 

SESM HM HWMM HWAM 

Jan 29 29 27 26 24 24 

Feb 32 32 27 27 25 24 

Mar 17 31 28 28 30 30 

Apr 28 25 26 26 29 30 

May 25 23 26 26 25 29 

Jun 12 27 26 26 25 24 

Jul 20 19 23 23 26 24 

Aug 26 16 23 22 26 26 

Sep 22 23 23 22 22 26 

Oct 29 24 23 22 21 21 

Nov 22 26 24 23 24 24 

Dec 26 26 24 23 25 26 
 

Table 4 

The models and their corresponding mean square error (MSE) for TCR 

Models MSE 

MAM 75.40 

SESM 60.13 

HM 64.05 

HWMM 63.48 

HWAM 63.41 



On the Time Series Forecasting of Road Traffic Accidents in Ondo State of Nigeria 

 

160 

 0

 10

 20

 30

 40

 50

 60

 2006  2008  2010  2012  2014

Ac
tu

al
 /

 P
re

di
ct

ed
 V

al
ue

s

Months / Years

TCR (Actual data)
MAM

SESM
HM

HWMM
HWAM

 
Figure 4. Graph showing the actual data and the forecast of the various models for TCR. 

 

Table 5 

Models forecast of NOD for 2014 using 2005 – 2014 data 

Month Actual values 

Models (Predicted values) 

MAM 
Exponential smoothing 

SESM HM HWMM HWAM 

Jan 15 15 20 20 14 14 

Feb 15 17 20 19 16 16 

Mar 6 15 19 18 16 17 

Apr 18 11 18 16 16 23 

May 15 12 18 16 11 11 

Jun 5 17 18 15 13 13 

Jul 9 10 16 14 10 12 

Aug 18 7 16 12 13 20 

Sep 7 14 16 12 9 8 

Oct 21 13 15 11 9 9 

Nov 22 14 15 11 11 10 

Dec 15 18 16 11 16 19 
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Table 6 

The models and their corresponding mean square error (MSE) for NOD 

Models MSE 

MAM 230.38 

SESM 157.53 

HM 163.26 

HWMM 175.46 

HWAM 185.22 
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Figure 5. Graph showing the actual data and the forecast of the various models for NOD 

Concluding remark 

In this paper, we have studied the time series trend of the total cases reported of accident and the number 

of deaths resulted from accident in Ondo State. Various smoothing models were used to analyze the data sets. 

Simple exponential smoothing model emerged the most appropriate model for the total cases reported of 

accident in Ondo State since, it has the lowest mean square error of 60.13 in an out of sample performance. 

Also, simple exponential smoothing model has the lowest mean square error of 157.53 in an out of performance 

and thus emerged the most appropriate model for the number of deaths resulted from accident in Ondo State. 

Thus, these models can be used in Ondo State by FRSC and the government in their policy formulations and 

implementations. 
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Recommendations 

Based on our results, the following recommendations were made: 

(1) The Federal Road Safety Commission (FRSC) should place appropriate sign posts at strategic places 

on the highways. 

(2) The government of Ondo State needs to pay more attention to the improvement of safety on roads in 

the state. 

(3) Attention should be paid to the festive periods when there is always increase in mobility which results 

to an increase in road traffic accidents, 

(4) Road users should be educated and informed on how to make use of the roads and avoid reckless 

driving, smoking while driving, e.t.c. 

(5) There is need for the government of Ondo State to strengthen the effort of the FRSC for more effective 

coverage and monitoring of roads. This improvement includes man-power equipment, vehicles and good 

working conditions. 
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