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ABSTRACT:
Pedestrian Safety has become a major concern on Indian roads. The problem is especially serious and difficult when NH
and SH pass through villages and towns. Every day thousands of people are killed and injured on our roads. Men,
women or children walking, biking or riding to school or work, playing in the streets or setting out on long trips, will
never return home, leaving behind shattered families and communities. Studies show that there is no clear and evident
research which caters to the pedestrian accident. There is a dearth of strong evidence in terms of literature on Predictive
modelling of pedestrian accidents in India and especially nonurban areas roads. Accident patterns as they relate to
pedestrian and driver characteristics, type of vehicle involved in accident, road characteristics and time and location of
accidents were analysed. Although pedestrian accidents are usually severe, a mixed log it model was developed to
recognize the elements to work out injury severity in pedestrian accidents.
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INTRODUCTION AND LITERATURE REVIEW:
Pedestrian Safety has turn out to be a major concern on Indian roads. The problem is particularly serious and
difficult to handle when National and State highways (NH and SH) pass through villages and cities. The local
traffic and accomplishments around the highway cause congestion at daytime and become a bottleneck for fast
moving through traffic. However, at night and when the volume of traffic is low, these sections become a
safety hazard for pedestrians as well as other road user. Every day hundreds of pedestrians are killed and
injured on our roads. Men, women or children walking, biking or riding to school or work, playing in the
streets or setting out on long trips, will never return home, leaving behind shattered families and communities.
Millions of people each year will spend long weeks in hospital after severe crashes and many will never be
able to live, work or play as they used to do. Road traffic injuries constitute a major public health and
development crisis, and are predicted to increase if road safety is not addressed adequately.

Over 1.2 million people die each year on the world’s roads, and between 20 and 50 million suffer non-fatal
injuries. The World Health Organization (WHO) and the World Health Assembly has been concerned with
this issue for a long time. Among other international organizations, the United Nations Economic Commission
for Europe, the United Nations Development Fund and the United Nations Children’s Fund, have all stepped
up their road safety activities over the past decade.In most regions of the world this epidemic of road traffic
injuries is still increasing. Pedestrian Safety is a substantial traffic safety concern and recognizing the
elements contributing to the severity of pedestrian accidents will help policy makers and road designers to
work out measures to reduce the severity of pedestrian accidents.

There are various factors contributing to the frequency and severity of pedestrian accidents (Loo and Tsui
2009); (Shankar, Mannering et al. 1996); (Lee and Abdel-Aty 2005); (Pei, Wong et al. 2012); (Zegeer and
Bushell 2012). (Fontaine and Martin 2006)found that pedestrian accidents have a tendency tooccur away from
pedestrian crossings and occur mainly during winter months;under poor weather and lighting conditions and
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mainly involve children.Related findings were drawnfrom an American report on vehicle-pedestrian collisions
(Transportation Research Board 2014).

Many studies had been conducted that intended to find substantial factors affecting frequency and severity of
pedestrian accidents. (Quddus, Noland et al. 2002)found that intoxication was linked positively with
pedestrian accidents. (Ukkusuri, Hasan et al. 2011)acknowledgedroad related featuresthat affecting pedestrian
accident frequency in New York City. Researcher found a significant positive correlation between pedestrian
accident frequencies with a biggerpercentage of uneducated populations. It was also concluded from the study
that areas with more number of educational establishments and industries were a significant reason of
pedestrian accidents. (Azam, Shakoor et al. 2014)found that amplified pedestrian activities increases
pedestrian exposure and lead to pedestrian accidents.

(Ukkusuri, Hasan et al. 2011)and (Kravetz and Noland 2012)studied the associationof pedestrian accidents
with low-income communities.Another research conducted by (Ukkusuri, Hasan et al. 2011)found that areas
with more domesticareas had expressivelylesserchances of accidents involving pedestrians, which was
justified with the research by (Kim and Yamashita 2002). They also discussed likelihood of accidents
involving pedestrians are positively associated with road width. (Gårder 2004)also settledon the conclusion
that wider roads may possiblysurge pedestrian accidents.

(Prato, Gitelman et al. 2012)worked out pedestrian accident trends for suggesting precautionary measures.
The researchers conducted neural networks method to examineaccidents involving pedestrians during the
four-year period between 2003 and 2006 in Israel and found that old age pedestrians on crosswalks, male
pedestrians at night, and children and youngsterswere most vulnerable. The detectedaccident trends found the
significance of designing trainingand awareness drives for pedestrians.

(Miranda-Moreno and Fernandes 2011)evaluated 1,875 accidents involving pedestrians at signalized
intersections in Canada to work out probable geometric and road related factors related to safety of pedestrian
on roads. Negative Binomial model was used and established that AADT was the most important factor in
working out frequency and severity analysis of pedestrian accidents.

(Xu, Li et al. 2009) found that the accident in U.S. and China followed the same decreasing trends. An
important conclusionwas derived from the study that drivers were mainly responsible for the
prevalentaccidental death percentage in China and U.S.A. Additionally, if pedestrian fatalities were
considered in both the countries males were more vulnerable than females. They also conclude that in China,
people between 36-45 years were the peakunsafeage group in accidents involving pedestrians, in U.S., people
in the age group of 16-24 were more susceptible. The researcher discussed the importance of pedestrian
facilities like overpass, refuge islands, and informativedrives to enhance safety of pedestrian on roads.

(Howard, Desai et al. 2004)established that more male pedestrian were involved in fatal accidents in every age
group, which was also concluded by (Lee and Abdel-Aty 2005), and (Al-Shammari, Bendak et al. 2009).

(Lee and Abdel-Aty 2005)discussed the severity analysis of pedestrian accidents at intersections in Florida.
Researcher established that maledrivers in the young age and pedestrians have greater probability of
associated in accidents than other combination of gender and age; and involvement of cars in accidents
involving pedestrians than other vehicles.They also concluded that more accidents happened on roads with
more lanes. Certainnoteworthy factors responsible for accident severitycomprised pedestrian gender, time of
accident, and vehicle type.

(Yeo, Jang et al. 2013)established that pedestrian physiognomiesthat amplifiedaccidents were intoxication,
mobile, and pedestrian age group. Environmental characteristics like nighttime, weekends, and rainy weather
were also associated high pedestrian severity. Intoxication was one of the primefactors associated with the
pedestrian accidents. They also found that heavy vehicles were linked with more fatal pedestrian accidents
compared to passenger cars.

(Khattak, Schneider et al. 2003) measured that pedestrian accidents were maximum at intersections having
least pedestrians and accident threatin night time is triple than that of in day time.
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(Abdel-Aty and Wang 2006)concentrated on the safety of minor pedestrians and found that school going
children were more vulnerable, specifically on highways having more than one lane. Noteworthyvariables of
pedestrian accidents comprisedinformation about driver and pedestrian, intoxication, road lanes, provision of
median, road width and speed.

(Kibar, Celik et al. 2013) found that the factors caused accidents and to develop a prediction model which
comprisesof relationships between these factors. With this model, the expected number of accidents at divided
highways can be predicted and suitable measures for providing road safety can be defined. For this study, 5
years’ accident data of113.5 km road sections of Trabzon coastal divided highway, traffic and highway
characteristics of these sections were collected, then an accident prediction model was formed. The technique
of generalized linear models (GLMs) was applied to the data. Because of over dispersion of Poisson
regression model, a Negative Binomial regression model was found to be the most appropriate approach for
analysis of this data. This model indicates that the vehicle kilometres of travel, the number of pedestrian
crossing and average posted speed are significant variables on traffic accident occurrences.

(Singh and Suman 2012) studied that rapid growth of population coupled with increased economic activities
has favoured in tremendous growth of motor vehicles. This is one of the primary factors responsible for road
accidents. It is observed that few works have been carried out on statistical analysis of accidents particularly
on two-lane National Highways. For this paper stretch of NH-77 has been selected from Hajipur to
Muzaffarpur. The accidental data was collected for last eleven years, 2000-2010 from the Police Stations
where FIR was lodged. The collected data were analyzed to evaluate the effect of influencing parameters on
accident rate. Heavy vehicles like truck are involved in maximum number of accidents on the selected stretch.
It is estimated that a heavy vehicles is involved in almost 48% accidents followed by two-wheelers 16%, car
12% and bus10%. There is no definite trend for monthly variation in accident on a study section but the
accidents in month of July and January are generally higher. Accident rate in terms of number of accidents per
km-year increases with traffic volume. But the accidents rate in terms of number of accident per million-
vehicle kilometre-year (MVKY) decreases with increase in traffic volume. Accident rate per MVKY increases
during the study year, whereas both injury and fatality rate per MVKY show a declining trend over the study
period. The developed model for accident prediction represents that the number of accidents per-km-year
increases with AADT and decreases with improvement in road condition.

(Pei, Wong et al. 2012), studied the effect of exposure and speed on crashes in Hong Kong. Results
indicated a positive correlation between speed and crash risk when distance exposure is considered, and
negative when time exposure is used. However, speed was found positively associated with the injury
severity.

(Mustakim, Yusof et al. 2008) established pedestrian accident prediction model based on the data collected at
rural roadway in Malaysia. Multiple non-linear regression method was used. The result verified that, the
existing number of major access points, without traffic light, rise in speed, increasing number of AADT,
growing number of motorcycle and motorcar and reducing the time gap are the potential contributors of
increment accident rates on multiple rural roadway. National Cooperative Highway research program,
NCHRP, TRB, US, has done a very exhaustive work to suggest multivariate models were lane width, shoulder
width, no of intersections and number of horizontal curves were considered as significant variables.

Gap in Previous Studies
From the extensive literature review the researcher found out the following gap in the previous studies:

 There is no clear and evident study which caters predominantly to the pedestrian accident on Indian roads.
 There is a dearth of strong evidence in terms of literature on severity analysis of pedestrian accidents in

India and especially non-urban areas roads.
 Non-urban highways have not been considered evidently in context of pedestrian accident research in

India.
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Objective of the study
The main aim of this research is to find out variables responsible to the severityof pedestrian accidents on
Indian roads. Using accident related data, a multinomial logit model is standardizedusing SPSS includes a
number of variables, comprising road features, pedestrian, vehicle and driver’s characteristics. By this
research engineers and policymakers will able to suggest important recommendations tomoderate the severity
of accidents involving pedestrians on Indian roads. This study was executed in the following way:

1. The traffic volume, accidents and road related data for the study was collected from various intercity
roads of Sonipat City.

2. Traffic volume data was collected from various state government agencies.
3. The Accident data (FIRs) of vehicle accidents was collected from various police headquarters and police

stations.

4. Methodology and Data Analysis
The severity of a pedestrian accident is generally categorized intodiscreteclassificationsdefinesthe injury level
of pedestrianaccidentfrom fatal as most severe accident and minor injury or no injury as the least severe
accident in case of pedestrians.Ordered response models are most widely used model for modelling accident
severity(Duncan, Khattak et al. 1998); (Khattak, Schneider et al. 2003); (Lee and Abdel-Aty 2005); (Tay and
Rifaat 2007); (Barua and Tay 2010). Though, certain researchers have instead chosen multinomial logit
modelto study non-monotonic effect of independent variables (Shankar, Mannering et al. 1996). The
multinomial logit model was worked out for modelling and to match studies using the logit model (Tay, Choi
et al. 2011).

Table 1 Likelihood Ratio Tests

Effect Model Fitting Criteria Likelihood Ratio Tests

AIC of Reduced
Model

BIC of Reduced
Model

-2 Log
Likelihood of

Reduced Model

Chi-Square df Sig.

Intercept 2944.352 3383.358 2780.352a .000 0 .

Gender of pedestrian 2941.835 3370.132 2781.835 1.482 2 .477

Victim age 2945.160 3341.335 2797.160 16.807 8 .032

Driver Gender 2951.480 3369.070 2795.480 15.127 4 .004

Hitting veh 2980.415 3355.175 2840.415 60.062 12 .000

Day 2940.737 3315.498 2800.737 20.385 12 .060

DN 2949.729 3367.319 2793.729 13.376 4 .010

Month 2993.097 3314.321 2873.097 92.745 22 .000

Driver age 2946.607 3353.490 2794.607 14.255 6 .027

intoxication 2938.867 3356.457 2782.867 2.514 4 .642

LOA 2947.102 3353.985 2795.102 14.749 6 .022
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The table 2 mentioned below shows the Distribution (%) of various factors.

Table 2 Table Distribution (%) of contributing factors

Table Distribution (%) of contributing factors for different severity levels

Fatal Serious Minor Total

42.25% 54.99% 2.75%

DN Total
Day 41.38% 41.18% 48.97% 42.25%

Night 54.98% 57.35% 48.45% 54.99%

Unknown 3.64% 1.47% 2.58% 2.75%

Count of day

Sunday 13.96% 14.52% 12.89% 14.02%

Monday 16.63% 18.38% 14.95% 17.03%

Tuesday 14.32% 15.07% 13.92% 14.53%

Wednesday 15.29% 12.50% 15.46% 14.34%

Thursday 12.26% 11.03% 11.86% 11.77%

Friday 16.63% 15.26% 22.16% 16.84%

Saturday 10.92% 13.24% 8.76% 11.45%

Count of month
January 12.38% 9.56% 14.43% 11.65%

February 8.01% 5.70% 6.70% 7.04%

March 7.40% 9.01% 5.15% 7.68%

April 9.47% 7.72% 11.34% 9.09%

May 9.10% 7.17% 7.22% 8.19%

June 10.56% 6.25% 10.82% 9.09%

July 11.53% 14.52% 5.15% 11.77%

August 7.04% 9.74% 2.06% 7.36%

September 6.92% 6.43% 7.22% 6.78%

October 8.50% 8.09% 8.76% 8.38%

November 4.73% 9.19% 8.76% 6.78%

December 4.37% 6.62% 12.37% 6.15%

Count of hitting veh.

3 wheeler 6.92% 6.43% 7.73% 6.85%

Bus 8.25% 8.46% 10.31% 8.57%

2 wheeler 3.88% 4.23% 4.05% 3.52%

Cars 38.35% 37.32% 37.70% 38.42%

Truck 18.57% 24.26% 9.79% 19.46%

Others 11.17% 12.87% 12.89% 11.97%

Unknown 12.86% 6.43% 17.53% 11.20%

Count of driver age
under 26 28.03% 30.88% 26.29% 28.81%
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26—60 55.83% 55.51% 61.34% 56.40%

over 60 2.31% 2.76% 1.03% 2.30%

Unknown 13.83% 10.85% 11.34% 12.48%

Count of Driver Gender
Male 68.33% 76.47% 68.04% 71.13%

Female 15.78% 13.79% 16.49% 15.17%

Unknown 15.90% 9.74% 15.46% 13.70%

Count of intoxication

Yes 37.62% 40.26% 36.60% 38.41%

No 45.39% 41.91% 46.39% 44.30%

Unknown 16.99% 17.83% 17.01% 17.28%

Count of victim age
0—5 0.73% 0.37% 2.06% 0.76%

5—15 37.38% 34.38% 35.57% 36.11%

16—25 43.93% 49.45% 39.18% 45.26%

25—60 10.80% 8.64% 17.53% 10.88%

over 60 7.16% 7.17% 5.67% 6.97%

Count of Location of accident

Cross Walk 53.28% 50.55% 45.88% 51.41%

Standing 8.37% 6.43% 6.19% 7.42%

Side Walk 26.94% 29.04% 30.41% 28.10%

Unknown 11.41% 13.97% 17.53% 13.06%

Count of Gender of pedestrian
Male 63.11% 65.81% 61.34% 63.83%

Female 36.89% 34.19% 38.66% 36.17%

Results and Conclusion
The significance of various variables is marked in Table 1 and shows that hitting vehicle, month, driver
gender and time of accident are most significance factor responsible for pedestrian accidents.

The factors studied in the model and were mentioned and stated in Table 2. Amongst thepedestrians injured in
anaccident, 42.25% were classified by thepolice as fatal, 54.99% were classified as serious accidents, and
2.75% were classified as minor or no injury accidents. In the estimation of model,one of the severity
categories had to be eliminated from the model and used as a reference case. In this study, the minor injury
was taken as reference andfatal and serious injury were modelled. Most of the factors were recorded in
categories; severaldichotomous variables were generated to signify each factor. The selection of the base case
was random as it would not affect the results if all the other categories were included in the model. Therefore,
alldichotomous variables would be taken in the model for simplicity anduniformity in understanding the
outcomes however some of the variables might not be statisticallysignificant.

As shown in Table 2 many of the variablesappeared to have a non linear relationship with the severity of the
collision.

For example, the percentage of drivers involved in serious injury accidents who were intoxicatedwas lower
than the corresponding shares in fatal and minor accidents. Thesenon-monotonic relations proposed that an
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ordered response model might notbe as suitable as an unordered response model for our study, which
providedsome realistic support for the choice of the multinomial logit model.In this research the multinomial
logit model was used to identify the factors determining the severity of pedestrian accidents in the study area
(Rural roads of Sonipat District). The parameters of the study were time of accident, day, Month, hitting
vehicle, driver age and gender, intoxication, pedestrian age and gender, Location of accident.

Our results showed that serious injury accidents were associated with collisions involving heavy vehicles.
Similarly, it was found that there is a high probability of accidents of male pedestrians. Driver’s age group
involved in fatal accident is 26 – 60 years. Maximum fatal and serious injury accidents took place during the
night time. Significant levels of accidents were found to happen on Monday and Friday. January and July are
the two months of the year having maximum fatal accidents. Probability of Victim’s age involved in fatal
accidents is found to be maximum in the age group of 16 – 25 years.

In conclusion, with respect to engineering, it can be recommended that road safety audits should be conducted
at black spots, with an emphasis on pedestrian safety. Special consideration should be dedicated to improving
pedestrian facilities on roads. Special attention is needed in the months of January and July be due to less
visibility in the month of January and rainfall in the month of July on roads. Strict enforcement for
intoxication, over-speeding for drivers and educating and aware traffic rules to pedestrians also.Refining the
separation between pedestrian and vehicles on roads by, providing over/ under passes for pedestrians is also
very important to reduce pedestrian accidents.
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