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ABSTRACT

Background: As per World Health Organization (WHO) report 1.24 million people die each year as a result of road
traffic accidents (RTA) globally. A vast majority of 20-50 million people suffer from non-fatal injuries, many of them
ultimately end in disability. Forecasting RTA deaths could help in planning the intervention at the right time in an
effective way.

Methods: An attempt was made to forecast the RTA deaths in India with seasonal auto regressive integrated moving
average (SARIMA) model. ARIMA model is one of the common methods which are used for forecasting variables as
the method is very easy and requires only long time series data. The method of selection of appropriate ARIMA
model has been explained in detail. Month wise RTA deaths for previous years data was collected from Govt. of India
website. Data for 12 years (2001 to 2012) was extracted and appropriate ARIMA model was selected. Using the
validated ARIMA model the RTA deaths are forecasted for 8 years (2013-2020).

Results: The appropriate SARIMA (1,0,0) (2,1,0) 12 model was selected based on minimal AIC and BIC values. The
forecasted RTA deaths show increasing trend overtime.

Conclusions: There is an increasing trend in the forecasted numbers of road traffic accidental deaths and it also
shows seasonality of RTA deaths with more number of accidents during the month of April and May in every years. It
is recommended that the policy makers and transport authority should pay more attention to road traffic accidents and
plan some effective intervention to reduce the burden of RTA deaths.
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INTRODUCTION

Road traffic accidents (RTA) are major public health
problem to which inadequate attention has been usually
paid. Road traffic accidents are leading cause of death
among young people and death among those aged 15-29
years. According to World Health Organization (WHO)
report more than 1.25 million people died and 50 million
people were injured from RTAs every year." WHO report
2015 showed 90% of these deaths occurred in low and

middle income countries. If urgent action does not taken
to prevent RTAs, road traffic injuries could be the
seventh leading causes of deaths by the year 2030.% In
India, more than 1.2 million people die every year as a
result of road traffic accidents. Among them 48% people
were between 15 to 44 years. Males are more likely to be
involved than females in road traffic accidents and 73%
of all road traffic deaths occur among males.
Approximately, 20-50 million people suffered from non-
fatal injuries, many of them ultimately ends in disability.
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National Crime Records Bureau 2015 report showed, 53
cases of road accidents took place for every one hour,
among them 17 persons were died. A total of 464674
cases of road traffic accidents were occurred 482289
persons were injured and 148707 were died.?
Urbanisation and industrialization in India has resulted in
an increase in the number of motor vehicles usage.
Increase in the number of vehicles on the road drastically
elevated the RTAs and associated fatalities & disabilities
among the RTAs victims. With the use of statistical
methods & models it is possible to predict the future
occurrence of road traffic accidental deaths with the
available data. One of the most commonly used method
to predict or forecast the future events based on the
available data is time series analysis.

Forecasting road traffic deaths are useful to monitor the
effectiveness of various road safety policies that are
implemented to minimize the occurrence of accidents.
There is a need to forecast and understand the trend of
road traffic accidents. Predictive models are very useful
for identifying various related factors of road traffic
accidental deaths.®’ One of the most effective methods of
forecasting future events is time series analysis.?
Autoregressive Integrated Moving Average (ARIMA)
model is mostly commonly used predictive model for
aggregated time series data and it was proposed by Box
and Jenkins in 1976.° The objective of the current study is
to forecast Road Traffic Accidental Deaths in India with
step by step explanation of autoregressive integrated
moving average (ARIMA) model.

METHODS

To forecast the RTA deaths secondary analysis of the
available data of India from reliable source was planned.
The monthly RTA deaths data was available in Open
Government Data (OGD) platform, Government of
India.’® Data regarding RTA deaths from January 2001 to
December 2012 (144 months) were obtained from the
Open Government Data (OGD) platform, Government of
India for the forecasting of RTA deaths.

A time series data is defined as a set of observations or
events arranged in a chronological order, i.e., a sequence
of observations or events usually ordered in time.'* The
time series is used to draw patterns of changes in
statistical data over regular intervals of time.* In the
current study the seasonal auto regressive integrated
moving average (ARIMA) models was used to forecast
the RTA deaths which was proposed by Box and Jenkins
in 1976 The ARIMA model consists of two
components in representing the behaviour of the observed
time series data. In one component the current
observation depends on its previous values which are
explained by the autoregressive (AR) component of “p”
order, whereas the second component, moving average
(MA) component of “q” order, is used to describe a time
series process as a linear function of current and previous
random errors.”® In case seasonal components are

included in the model, then it is called as the seasonal
auto regressive integrated moving average (SARIMA)
model. A general form of SARIMA model is given as
follows,

#,(B)P,(B*)1—-B)"(1-B)°Z, =6,(B)®,(B%)a,

Where, B =the backward shift operator, d and D are non-
seasonal and seasonal order of differences respectively,
and usually abbreviated as SARIMA (p,d,q) (P,D,Q)
where (p,d,q) represents the model parameter for non-
seasonal part and (P,D,Q) represents the model
parameters for seasonal part. When there is no seasonal
effect, a SARIMA model automatically reduces to pure
ARIMA (p,d,q) and when the time series dataset is
stationary a pure ARIMA reduces to ARMA (p,q). In the
current study secondary data analysis was done for the
time series data of road traffic accidents deaths in India
from January 2001 to December 2012 with the seasonal
component S=12, because the data was available month
wise, 12 observation per year. Forecasting the event using
time series model consists of three steps, model
identification, parameter estimation and model validation.

In the first step, that is model identification the available
data has to be checked for stationarity, in the current
study the stationarity was checked by using auto
correlation function (ACF) and Partial Auto Correlation
Function (PACF). The ACF & PACF of RTA deaths
showed that the time series data does not follow
stationarity, to make it stationary we took the difference
of historical time series data (d, D) into consideration. In
the second step of Parameter estimation, taking different
permutation and combination of (p, P, q, Q) with the
difference of order (d, D) had taken earlier, the value of
akaike information criterion (AIC) and bayesian
information criterion (BIC) for different suggested
models were estimated. As the criteria for the best model
is lowest value of AIC &BIC, the appropriate model for
the available data was selected as SARIMA (1,0,0)
(2,1,0). Diagnostics checking or model validation is the
last step in SARIMA/ ARIMA model analysis, the model
adequacy was examined by residual Auto Correlation
Function and Partial Auto Correlation Function. The
forecast accuracy of the model was evaluated using Mean
Absolute Percentage Error (MAPE) as follows.

1 (y[_ytj
MAPE ==>"| ~——~

L= Y

Where y; is the observed number of deaths;
);( is the forecasted number of deaths at time point t.

After the validation of the selected SARIMA model, it
was used to forecast the monthly road traffic accident
deaths between January 2013 and December 2020. The
modelling had been done by Gretl software.
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RESULTS

Table 1 and Figure 1 show the month wise number of
RTA deaths and the trend of RTA deaths in India
(January 2001- December 2012) respectively.

In the current study, we developed a univariate time
series seasonal autoregressive integrated moving average

model for predicting road traffic accident deaths in India
from January 2013 to December 2020 by using the
available data on RTA deaths. As per the data there was
overall increase in number of deaths in December 2012
(>40%) as compared to January 2001 but the increase in
RTA deaths was not uniform. The deaths were less in few
specific months as compared other months in the same
year.

Table 1: Month wise number of RTA deaths in India (January 2001- December 2012).

Jan-01 28799  Jan-03 29942  Jan-05 37619  Jan-07 38700 Jan-09 37647 Jan-11 40915
Feb-01 28465 Feb-03 27969 Feb-05 35843 Feb-07 35900 Feb-09 36472 Feb-11 38750
Mar-01 30048 Mar-03 28947 Mar-05 38346 Mar-07 38231 Mar-09 38453 Mar-11 41849
Apr-01 29806 Apr-03 28590 Apr-05 37062 Apr-07 40198 Apr-09 37650 Apr-11 38590
May-01 31956 May-03 32258 May-05 42022 May-07 41706 May-09 41519 May-11 44534
Jun-01 28565 Jun-03 30358 Jun-05 35060 Jun-07 37356 Jun-09 38984 Jun-11 40758
Jul-01 27132  Jul-03 29075  Jul-05 31221  Jul-07 35013  Jul-09 35352  Jul-11 38191
Aug-01 27527 Aug-03 29294 Aug-05 30961 Aug-07 35256 Aug-09 36343 Aug-11 36542
Sep-01 27641  Sep-03 29224  Sep-05 30211 Sep-07 34811 Sep-09 36196 Sep-11 36637
Oct-01 28103 Oct-03 30848 Oct-05 31829 Oct-07 36893 Oct-09 37398 Oct-11 38206
Nov-01 28412 Nov-03 30177 Nov-05 31746 Nov-07 36790 Nov-09 37013 Nov-11 38589
Dec-01 29262 Dec-03 31166 Dec-05 32477 Dec-07 37381 Dec-09 38256 Dec-11 39523
Jan-02 29022 Jan-04 32557 Jan-06 35731 Jan-08 38213 Jan-10 39067 Jan-12 41103
Feb-02 27895 Feb-04 32101 Feb-06 33517 Feb-08 36502 Feb-10 37482 Feb-12 39712
Mar-02 29872 Mar-04 32998 Mar-06 36693 Mar-08 38883 Mar-10 40447 Mar-12 40642
Apr-02 30486  Apr-04 32302 Apr-06 36138 Apr-08 40491  Apr-10 39612 Apr-12 41127
May-02 33585 May-04 33801 May-06 39555 May-08 40507 May-10 42546 May-12 41892
Jun-02 30561 Jun-04 31958 Jun-06 35500 Jun-08 36555 Jun-10 39846 Jun-12 40091
Jul-02 28936  Jul-04 30427  Jul-06 33352  Jul-08 35257  Jul-10 36779  Jul-12 38181
Aug-02 28579  Aug-04 30225 Aug-06 33345 Aug-08 35521 Aug-10 35901 Aug-12 37402
Sep-02 28350 Sep-04 31320 Sep-06 33503 Sep-08 34812 Sep-10 35553  Sep-12 36066
Oct-02 29371 Oct-04 31634 Oct-06 35033 Oct-08 36919 Oct-10 37486 Oct-12 38166
Nov-02 29139 Nov-04 32060 Nov-06 34391 Nov-08 35340 Nov-10 38469 Nov-12 38555
Dec-02 30198 Dec-04 33140 Dec-06 36668 Dec-08 36468 Dec-10 38569 Dec-12 40479
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Figure 1: Trend of RTA deaths in India (January 2001- December 2012).
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As we have earlier mentioned that SARIMA model
consisted of three steps such as model identification,
parameter estimation, diagnostic checking or model
validation of the time series data, the current study was
gone through the three steps.

Model identification: Figure 1 shows the time
distribution of RTA death cases, more number of
accidents deaths occurred during the month of April &
May of every year (2001-2012). Stationarity was also
checked by ACF and PACF of RTA deaths which
showed that the data was not stationary and also
irregularly increase in the number of accident deaths with
a particular season of a year (seasonality). Stationarity
means the historical time series data vary over time only
around a constant mean and constant variance. Hence for
the available data was not fit for SARIMA model as it is
applicable only the time series data which is stationary.
To stabilize the mean and variance of monthly road
traffic deaths, first order of difference of historical time
series data was considered. Here, first order difference
was enough to reach the stationarity, only for seasonality
(d=0, D=1).

Parameter estimation: After making the data stationary
and confirming the value of difference of order for non-
seasonality and seasonality (d=0, D=1), different models
were suggested by permutation and combination of
different values of (p, P, g, Q) and the value of Akaike
Information Criterion (AIC) and Bayesian Information
Criterion (BIC) were estimated. As the criteria for the

best model to fit for the available data is the model with
lowest AIC (2246.13) &BIC (2260.55) the best model fit
for the current data was selected as SARIMA (1,0,0)
(2,1,0);, (Table 2).

Table 2: Proposed SARIMA models with AIC and

BIC values.
Models AlIC BIC
SARIMA (0,0,1) (0,1,1) 2273.29 2284.82
SARIMA (0,0,1) (1,1,1) 2265.92 2280.33
SARIMA (1,0,0) (1,1,0) 2249.03 2262.56
SARIMA (1,0,0) (2,1,0) 2246.13 2260.55
SARIMA(1,0,1) (2,0,1) 2452.04 2472.83

Diagnostic checking or model validation: The ACF and
PACF of residual of SARIMA (1, 0, 0) (2,1,0);, model is
presented in Figure 2. It showed residual of ACF and
PACEF are nearly zero, this indicates that the residuals did
not vary from zero mean and variance. Adequacy of the
SARIMA (1, 0, 0) (2,1,0);, was good and the model was
appropriate to forecast the RTA deaths based on available
data. Based on the selected SARIMA (1, 0, 0) (2,1,0):,
model the number of road traffic accident deaths has been
forecasted up to the year 2020. The performance of the
forecasting was examined by Mean Absolute Percentage
Error (MAPE) which is an indicator for the accuracy of
the forecast by considering the real deaths and forecasted
deaths in the sample period. The MAPE estimated for the
current model developed and used was 2.293 which was
minimal and acceptable.
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Figure 2: Residual ACF and PACF of RTA deaths.

The forecasted RTA deaths [Table 3, Figure 3] shows a
gradual increase in number of deaths with seasonality of
deaths. Figure 3 shows the forecasted RTA deaths in

sample (2001-2012) and post sample period (2013-2020).
The sample period forecasting will give confidence to the
model. In the current study the forecasted values are
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overlapping with the actual value in the sample period large as the forecasted deaths are in months and the
with a negligible difference. There will be a 20% increase forecasting period is for 8 years (2013-2020) still it could
in number of deaths in December 2020 as compared to give an idea on the burden of road traffic accident deaths
December 2012. The confidence interval for 2020 is very in India.

Table 3: Post sample forecasted RTA deaths with 95% confidence intervals.

;ie:]rtsh . Forecasted 95% Cl Years Forecasted 95% Cl Years Forecasted 95% ClI

RTA deaths months RTA deaths months RTA deaths
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200400 87874 0o 201705 as2648  GOBT 200001 dss48  GROD
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Continued.
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Years Forecasted Years Forecasted Years Forecasted
months RTA deaths vl months RTA deaths 2ol months RTA deaths 2l
. (40579.0, . (37054.7, . (45615.9,
2015:01 44255.6 47932.2) 2017:09 41740.2 46425.7) 2020:05 51281.2 56946.5)
. (38910.1, . (38989.0, . (43173.9,
2015:02 42680.1 46450.0) 2017:10 43674.6 48360.3) 2020:06 48842.3 54510.7)
. (40576.5, . (39449.4, . (40947.3,
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. (37684.7, . (42486.1, . (41494.6,
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. (36682.6, . (41805.3, . (42928.0,
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60000 T
Accident
forecast
95 percent confidence interval —%—
55000
g T‘ |
50000 [ | { rl T T 1|4 J ]
q i
=T -.;? | " T’{" W[ 1“ w “ x i 11
AN el | _‘4 il i: i 2
x \ H r‘ i I IS
‘ ' ,' | Il l Al L1f
40000 |- 1 ‘ ‘\ ““ ‘A ‘-:: P ‘
/ o / " | - i 1|
| f I\ l 3 - P J | = 1
ARV P
35000 [ 9 N
30000 4 4 L - L L 7
2008 2010 2012 2014 2016 2018 2020
Figure 3: Forecasted RTA deaths in sample and post-sample period.
DISCUSSION periods, for the sample period and for the post-sample

The available data on RTA deaths shows that RTA is a
major public health problem in India which is avoidable
to some extent. The trend of RTA deaths in India has a
seasonal pattern. The number of deaths are high in the
months of April & May every year. If the expected
number of deaths in a month is known then the concerned
authority can plan the intervention accordingly and it will
also help for preparedness. The forecasting of number of
cases/events is possible by many statistical methods
including SARIMA model. In the current study,
SARIMA model has been used and secondary data
analysis was done of the available data as per the required
steps in SARIMA. The forecasting can be done for two
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period. The gap between actual data and forecasted data
in the sample period is an indirect indicator of the
accuracy of the SARIMA model selected. For the RTA
deaths in the sample period (2001-2012), there is
negligible gap between the actual deaths and the
forecasted deaths, which gives confidence to the
SARIMA model selected for the available data. The post
sample period (2013-2020) forecasting shows an
increasing trend of RTA deaths with seasonal variation
like the available data (2001-2012). The forecasted RTA
deaths can help the concerned authority to plan for
intervention to reduce the burden of mortality due to
Road Traffic Accidents.
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CONCLUSION

In the current study, SARIMA was developed to predict
the road traffic accident deaths and the appropriate
SARIMA (1,0,0) (2,1,0);, model was selected based on
the minimal Akaike Information Criteria and Bayesian
Information Criteria (BIC) values. The forecasted road
traffic accident deaths showed an increasing trend of
RTA deaths in upcoming months/years. Also, the results
reveal that more number of accidents deaths occurred
during the month of April and May of every year (2001-
2012). This study showed the increase burden of RTA
deaths in future and recommends the policy makers and
transport authority to pay more attention on preventive
measures for road traffic accidents so that the burden can
be reduced and more lives can be saved.
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