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Abstract
Objectives: To observe the road traffic accidents pattern across the states in India and to conclude whether the expenditure 
on road and transportation infrastructure is really justified with the traffic safety across the country. To decide the road 
safety policies across the states in India using backward elimination approach of regression model. Methods/Analysis: 
This study attempts to show statistical relations between road traffic accidents with predictive variables; number of vehicles 
registered, total length of roads, total number of road accidents and total expenditure on transportation infrastructure 
in the states of India. Time series data covering the period 2001 to 2013 was used on yearly road traffic accidents and 
other predictive variables for all 28 states of India. Findings: In recent decades, road accidents are becoming one of the 
most growing concerns in India. As mentioned in report of Ministry of Road Transport & Highways Government of India, 
road accidents impose significant costs which are about 3% GDP for India since 1999 to 2000. In 2004, India was 9th 
leading cause of death and expected to be 5th leading cause of death by 2030 worldwide. These facts are enough to catch 
attention of Government agencies and researchers towards safer traffic solutions. The results from the analysis shows 
few findings like expenditure on transportation infrastructure may not be an important predictive variable for road traffic 
accidents for pan India situations. Finally, if all the states of India partitioned in different clusters according to the behavior 
of states, the study states that there exists a strong positive correlation between road traffic accidents, number of vehicles 
registered and total length of roads. The relationship found to be statistically significant at 5% level of significance for each 
cluster of states. Applications/Improvements: The results obtained in study can assist transportation departments and 
Government bodies to implement better strategies across the country to ensure road traffic safety and reduce losses in 
terms of money and infrastructure costs.

1.  Introduction

Cities in developing countries like India are facing prob-
lem of heavy rise in the population. The cities are under 
burden being people from villages are migrating toward 
the cities. This surely leads to very high transport demand. 

The mobility of the people and the goods are the factors to 
define the growth of the cities. Hence, attention towards 
transportation system is one of the main issues for the all 
developing countries. Very few of the cities in India are 
equipped with good public transport facilities including 
city buses and railways. Still, these city traffic authorities 
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are lacking to provide the service for all people, because of 
many reasons like overpopulation, routes unavailability, 
long waiting queues, etc. This ultimately leads to heavy 
increase in private motor vehicle users and demands for 
more convenient public transportation in the country.

Since last few decades, India is facing the problems 
related to traffic accidents which resulted into injuries, 
fatalities, hospitalization and disabilities1. Large number 
of motor vehicle user and lack of proper infrastructure 
in India is one of the significant reason for this problem2. 
As mentioned in report Basic road statistics of India1, in 
year 2014, total number of road accidents encountered 
were reached to 4,89,400. Also, due to road accidents 
in year 2014, for every hour, on an average 56 accidents 
took place and 16 lives were lost in India. Study also 
states that, around 86.3 percent if accidents occurred in 
top thirteen states during 2014. These facts about Indian 
road traffic scenarios are enough to catch attention of the 
Government and researchers to think about it. The report 
of road accident in India2 also states that traffic junctions 
are most accidents prone areas, since about 57 percent of 
total accidents took place at the junctions itself, hence it 
is very important to use transportation budget efficiently 
to improve the infrastructure of the country in safer way.

An organization Ministry of Road transport and high-
ways under Central Government of India is working on 
making policies for road transportation, road infrastruc-
ture and research related to transportation to increase 
mobility and efficiency of road transport in country. The 
reports3,4 of the same organization states that, for year 
2012-13, planning commission have provided Rs. 32,600 
crores as the annual outlay. Out of this outlay, the amount 
around Rs. 21,515 lakhs are estimated for road safety 
budget. Also, the large amount of budget is estimated 
for various tasks like awareness of people, driver train-
ing, schemes for highways accidents, equipments for road 
safety and testing of pollution, maintaining transport 
database, R&D, formations of inspection authorities and 
many more. It can be very interesting to check whether 
the huge expenditure on such traffic facilities like road 
and bridges infrastructure really improved the road traffic 
accidents profile of the country. This article also focuses 
on different patterns of dependency of various predictive 
variables on the road accidents in different states of India.

Though the whole world is facing problems related to 
traffic accidents and its harmful results, developing and 
overpopulated country like India is facing same problem 
with higher risk of losses related to life and economy. 

The factors responsible for road accidents may vary from 
region to region or culture to culture. Many research-
ers have worked to discover such factors from existing 
available data and also data generated in simulation envi-
ronments. The various factors those affecting on road 
accidents are economic status, development, population, 
driver behavior, education level and many such param-
eters of respective countries. Articles5–10 is the research 
articles showing relations between economic growth and 
road accidents. Most of those articles proved the posi-
tive relations between economic growths to rise in road 
accidents. Articles11,12 are showing relations between 
urbanization and industrialized development with road 
accidents. Articles13–15 discuss about how geographic 
variations affect on the road accidents in developed 
countries like USA, Spain and Netherlands. Whereas 
relation between population, number of vehicles and 
road accidents is discussed in articles16–18. Apart from this, 
researchers all over the world are trying find relation of 
various external factors like the effects of dietary habits of 
a driver on driving performance and its impact on road 
traffic accidents19. There can be many other solutions to 
avoid such traffic fatalities with help of Intelligent Traffic 
Systems (ITS)20 which ensures the more safety on roads. 

2.  Methodology

In current study, a linear regression model was used to 
analyze the dynamics of changes and variations in road 
traffic accidents with respect to number of vehicles regis-
tered, total length of roads, total number of road accidents 
and total expenditure on transportation infrastructure in 
the states of India through time-series data as described.

2.1  Data Source
The study is relied on data obtained from the Ministry of 
Road Transport and Highways, Government of India1–4.  
The data specifically comprised of time series data on 
yearly road traffic accidents and other predictive variables 
values for all 28 states of India covering the period 2001 
to 2013. The original data is treated for missing values 
and screened outliers. In the current study, the statistical 
operations on all the variables were examined.

2.2  Method of Data Analyses
Data analyses were performed using R language in 
R-Studio. Exploratory data analyses were conducted to 
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examine the patterns and relationships among dependent 
variable number of road accidents and logarithmic values 
of other predictive variables underlying the use of regres-
sion with backward elimination approach. Also, before 
finalizing the fitted model, the correlation coefficients of all 
the variables were investigated to ensure the significance 
of each predictive variables. It is important to state that, 
to finalize the model was fitted perfectly, for all analyses P 
value < 0.05 was considered to be statistically significant. 

3.  Observations

The dependent variable in the study was the total number 
of road accidents across the country and it was tested with 
other predictive variables. The regression analysis tech-
nique with backward elimination approach is used to find 
these relations and dependency on other variables. Table 
1 shows the regression analysis results between number of 
road accidents and other predictive variables.

Table 1.  Regression analysis results between number of 
road accidents and predictive variables: Total Expenditure, 
Total Road length and No. of Vehicles
Regression Model
Dependent Variable: Total number of Road traffic 
accidents
Method: least squares
Variable Coefficient t-Statistic Prob.
Intercept 5.075686 9.814 0.0102
Total Expenditure 0.107805 1.36 0.3068
Total Road length 0.007989 0.056 0.9607
No. of Vehicles -0.028006 -0.318 0.7806

Regression Statistics
F-statistics 2.141
Prob. (F-statistics) 0.3341
Adjusted R-squared 0.4064

The insignificant R squared value in Table 1 states that 
something is wrong with the model. So, it will be better to 
observe effect of all the predictive variables on number of 
road accidents individually. 

Many research articles are in favor to conclude that road 
traffic accidents are directly dependent on the number of 
vehicles registered in that region. While observing the data 
for pan India (including UTs), there is strong correlation 

factor between road accidents and the number of regis-
tered vehicles in India. Apart from this, while considering 
same relationship among all the 28 states in India individu-
ally, 14 states shows strong positive correlation coefficients 
while 4 states shows strong negative correlation coefficient 
and remaining few states don’t significantly strong correla-
tion between number of road accidents and the number of 
registered vehicles as shown in Figure 1.

Figure 1.  Correlation between road accidents and the 
number of registered vehicles.

While observing regression analysis between these 
two factors, 96% of the states, out of those which were 
showing strong correlation coefficients are also giving 
very high R squared value and less than 5% significance 
level of the P value. This indicates that a mathemati-
cal regression model is possible to explain the relation 
between number of road accidents and number of vehi-
cles for those particular states. This regression model may 
be useful to predict the effect of the number of vehicles 
on road traffic accidents in future, if expected number 
of registered vehicles are known. For pan India (includ-
ing UTs) situation, the same regression coefficients are as 
mentioned in Table 2(a). The significant P and R squared 
values indicates the success of the fitted model. 

Whereas, while observing relation of number of road acci-
dents with the total length of roads across the states on India, 
very strong positive correlation coefficients are found among 
most of the higher population states as shown in Figure 2. 
About 92% states of India shows strong correlation coefficient 
for relation of number of road accidents with the total length of 
roads in the respective states. Though some of the states show 
the negative correlation, count of such states is negligible. The 
situation is almost similar for pan India scenarios (including 
UTs). The correlation factor between road accidents and total 
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number of length of roads for pan India is 0.7044, which indi-
cates the strong positive relation between them.

Figure 2.  Correlation between road accidents and the total 
length of roads.

To check the exact mathematical relation between 
those factors, regression analysis is applied for available 
data, considering total length of road as predictive vari-
ables. In this regression model for each state in India, 18 
of total 28 states, especially more populated states give 
more significant P values and squared R values. Also, the 
pan India situation is perfectly matched with it. It shows 
the regression model as shown in Table 2(b). The model 
seems fitted perfectly, since, the R squared value is 0.6243 
and P value is 0.0341, which are significant enough.

The third factor is total expenditure on road and 
bridges in India. Out of 28 states in India, only 15 states 
show strong correlation coefficients with the number of 
road traffic accidents. That is about only 50% of the total 
number of states. Out of those 15 states, 8 states show 
strong positive correlation coefficients, whereas 7 states 
show strong negative coefficients as shown in Figure 3. 
For pan India, the correlation coefficient between number 
of road accidents and total expenditure on transportation 
infrastructure is 0.576, which is not that much significant 
to state any relation between those factors. 

Figure 3.  Correlation between road accidents and total 
expenditure on transportation infrastructure.

Table 2.  Regression analysis results between number of road accidents (a) No. of Vehicles (b) Total Road length (c) Total 
Expenditure on transportation infrastructure.
Regression Model
Dependent Variable: Total number of Road traffic accidents
Method: least squares

(a) (b) (c)
Variable Intercept No. of 

Vehicles
Intercept Total Road 

length
Intercept Total Expenditure

Coefficient 4.89116 0.15637 4.44179 0.18975 5.39271 0.04528
t-Statistic 23.021 3.717 9.409 2.626 28.677 1.578
Prob 4.4E-7 0.00989 3.19E-5 0.0341 9E-7 0.175

Regression Statistics
F-statistics 13.81 6.895 2.491
Prob. (F-statistics) 0.009891 0.03411 0.1754
Adjusted R-squared 0.6467 0.6243 0.199
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Along with this, as shown in Table 2(c), the regression 
model for number of road accidents versus total expendi-
ture of transport infrastructure as predictive variable does 
not reflect any attractive and significant relations. Out of 
28 states, 19 states in India don’t have significant P values 
and R squared values. Hence, the model associated with 
factor total expenditure on transport infrastructure is not 
reliable.

From results observed in Table 2, it is clear that the 
factor, total expenditure on transport infrastructure 
is not affecting the number of road traffic accident 
fatalities as that much regularly and significantly as of 
other two factors, total number of vehicles registered 
and road lengths present in respective regions. Hence, 
backward elimination approach is used to fit the new 
model for pan India scenario by omitting the insignif-
icant factor from the regression model expressed in 
Table 3. After fitting the model with number of vehi-
cles registered and total length of roads as predictive 
variables affecting on road accidents, the regression 
coefficients with their significance and R squared 
value are calculated.

Table 3.  Regression analysis results between number of 
road accidents and predictive variables: Total Road length 
and No. of Vehicles
Regression Model
Dependent Variable: Total number of Road traffic 
accidents
Method: least squares
Variable Coefficient t-Statistic Prob.
Intercept 5.07089 4.456 0.0066
Total Road length -0.04754 -0.161 0.87815

No. of Vehicles 0.18216 1.095 0.32348

Regression Statistics
F-statistics 5.799
Prob. (F-statistics) 0.04981
Adjusted R-squared 0.5782

Table 3 states that model is not perfectly fit, since 
the regression coefficients are not significant up to 0.05 
values of P. Observed value of R squared is very low. 
Also, condition t>2 is also not satisfied. Hence, for pan 
India situation, this regression model does not seem 
to be convenient. This failure of model fitting may be 

because the states of India may show entirely differ-
ent behavior from each other. This behavior can be 
inspected by observing the correlation factors for each 
states of India. Some states are showing strong positive 
relations and some are showing strong negative rela-
tions with road accident fatalities. Figure 4 shows the 
relation between the state wise correlation coefficients 
of number of vehicles registered and length of roads in 
states with the total number of road accidents in states. 
Three clusters are formed by K-mean clustering algo-
rithm. It can be observed in Figure 4, all the states in 
India are divided in three clusters. It might be possible 
that, states in each cluster can have similar behavior 
regarding transportation system. Though regression 
model for pan India criteria was unsuccessful, it may 
be possible that, each cluster of states may success-
fully fit in a model. After trying same regression model 
as in Table 3 to all of the clusters of states, results are 
obtained as in Table 4.

Figure 4.  Relation between the state wise correlation 
coefficients of number of vehicles registered and length of 
roads with the total number of road accidents in India.

Table 4 reveals that the model is fitted perfectly for 
each cluster of states, since P values for all predictive vari-
ables are lower down significantly and R squared values 
are large enough.

4.  Discussion

In current study, state wise data of road traffic acci-
dents, number of vehicles registered, length of roads 
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across country and the total expenditure on traffic 
infrastructure is examined from year 2001 to 2013 and 
effect of these predictive variables on number of road 
accidents are examined. Initially, correlation coeffi-
cient of all of these predictive variables with respect 
to road accidents is observed. In most of the states 
of India, correlation coefficient of number of vehicles 
registered and total length of roads find strong rela-
tion with road traffic accidents, whereas the total 
expenditure shows very weak relations with it. The 
regression analysis also shows the similar results in 
Table 2.

Table 3 discusses about the regression analysis 
by omitting the predictive variable total expendi-
ture on transportation infrastructure for pan India 
situation. Still the analysis results don’t show any sig-
nificant relations. That may be because of the drastic 
change in the behavior of various states. Figure 4 
shows the relation between correlation coefficient of 
the number of vehicles registered, total road length 
in country and number of road traffic accidents. K 
mean clustering algorithm leads to three clusters 
formations and the regression analysis model for 
each of these clusters reflects the significant result. 
This concludes that, each cluster of states follows the 
same traffic behavior according to the observed pre-
dictive variables. 

5.  Conclusion

Following results can be concluded related to study, based 
on the analyses and interpretations of the available data:

Firstly, expenditure on transportation infrastructure 
may not be an important predictive variable for road traf-
fic accidents for pan India situations. In other way, it can 
be said that, government agencies which are spending on 
expenditure of traffic infrastructure should spend it by 
considering safety point of view. Secondly, there exists a 
strong positive correlation between road traffic accidents, 
number of vehicles registered and total length of roads 
in India. But these variables are unable to fit a significant 
regression model while considering pan India situation. 
Finally, if all the states of India partitioned in 3 different 
clusters according to the behavior of states, the relation-
ship was found to be statistically significant at 5% level 
of significance for each cluster of states. The study also 
revealed that model of each cluster fits the data very well 
as it shows very high R squared values. 

It will be very interesting to find out the factors 
which may lead to differentiate the states in three dif-
ferent clusters. Out of these clusters, one cluster consists 
of Maharashtra, Gujarat and Kerala, which are signifi-
cantly leading in GDP growth, high capita income, high 
literacy rate and high consumption of alcohol. But, in 
present study, effect of these variables on number of road  

Table 4.  Regression analysis results between number of road accidents with Total Road length and No. of Vehicles for (a) 
states in Cluster 1 (b) states in Cluster 2 (c) states in Cluster 3
Regression Model
Dependent Variable: Total number of Road traffic accidents
Method: least squares

For States in Cluster 1 For States in Cluster 2 For States in Cluster 3
Variable Total Road 

length
No. of 

Vehicles
Total Road 

length
No. of 

Vehicles
Total Road 

length
No. of 

Vehicles
Coefficient 1.2477 0.9258 0.49947 0.75891 0.177431 0.64957
t-Statistic 2.5981 3.448 6.459 14.822 2.127 9.628
Prob 0.01458 0.00175 1.25E-08 < 2e-16 0.0363 2.89E-15

Regression Statistics
F-statistics 172.6 589.7 117.91
Prob. (F-statistics) 2.20E-16 <2.20E-16 <2.20E-16
Adjusted R-squared 0.9172 0.9431 0.7288
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accidents is not studied. The usefulness of this study is 
that, it can be helpful to decide various policies for safer 
traffic system according to the behavior observed by 
various states of India. Further in detailed study may 
investigate the present needs, weakness and failure of the 
states of India and may be helpful to design the statewide 
policies for safer transportation to lower down the road 
traffic accidents across the country.
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