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ABSTRACT

The main objective of this research was to assess the risk faced by pedestrians near bus stops
considering the interactions between pedestrians and other road users as well as existing built-
environment near the bus stops. The assessment was conducted using four discrete approaches:
(i) evaluating impact of built-environment around bus stops on pedestrian safety, (ii)
developing crash prediction models for high risk bus stops, (iii) deriving crash modification
factors and (iv) evaluating safety perception of the pedestrians at high risk bus stops. The scope
of the research included identification of high risk bus stops with pedestrian fatalities in the
study area; select an appropriate sample of bus stops that can be a good representative of the
entire population; develop a checklist including potential factors that contribute to pedestrian
fatalities near a typical bus stop; conduct a robust video-graphic survey and built-environment
audit at all sites and analyse the data and identify significant attributes pertinent to pedestrian
fatalities at such locations.

The study was based on the police reported traffic fatalities (from First Information
Report data) for the time period of 2014-2016 that occurred in the NCT. Apart from the FIR
data, other sources of secondary data were Open Street Maps for obtaining the coordinates of
existing bus stops, shape files of administrative districts and road network of Delhi classified
as trunk, primary, secondary and tertiary roads. The study area was divided into 18 zones, based
on the administrative districts of Delhi and distance from the Central Business District (CBD),
that encountered multiple pedestrian fatalities. A total of 185 bus stops were selected from
these zones with 103 fatal and 82 non-fatal sites. Fatal bus stops thus indicated bus stops with
more than one pedestrian fatality within the buffer radius around each location while non-fatal
indicate bus stops with no pedestrian fatality within buffer radius in the period of 2014-2016.
This database was segregated into multiple subsets to create separate databases as per

requirement of the research. The entire study was conducted in two separate formats, namely

Vi



day-time and night-time, and the fatal locations were segregated based on the time of fatality
for that particular bus stop. Video-graphic survey and built-environment audits were conducted
to capture road user factors and infrastructure attributes around the sites for possible
identification of influencing factors. Moreover, average traffic speed was obtained using an
API system for all locations. Correlation and independency tests were conducted for identifying
strong association amongst the predictors. Furthermore, model estimations were followed by
Goodness-of-fit tests using Akaike Information Criterion and Bayesian Information Criterion
values.

For assessing the impact of built-environment attributes around bus stops on pedestrian
safety, firstly hotspot analysis was conducted. The purpose of this was to compare fatal and
non-fatal bus stops that although belonged from similar high to medium risk clusters (based on
number of pedestrian fatalities per square-km) incurred different outcomes. Kernel Density
Estimation was used to identify 177 bus stops, within the fatality-prone clusters, from the total
shortlisted sample sites. This dataset consisted of 103 fatal and 74 non-fatal bus stops. Logistic
regression was used for modelling the data and only categorical attributes were included for
this study. Some of the important outcomes indicated that presence of zebra marking at the
crosswalks near bus stops reduces the chances of fatal crashes by 23% for the night-time fatal
locations. During the day, a broader sidewalk enhances pedestrian safety while at night,
sidewalk height greater than 300 mm has resulted in 28% decline in fatalities. Also, the
presence of bus bays and on-street parking increases the likelihood of pedestrian crashes by
about three and four times respectively.

For developing Safety Performance Functions, separate day and night datasets were
prepared with a total of 148 bus stops such that the proportion of the fatal to non-fatal locations
in the sample datasets were equivalent to the proportion of the same in the actual population.

Negative Binomial and Hurdle regressions were applied to account for excess ‘sampling’

vii



zeroes in the dataset. Model estimations showed that bus stops with higher bus commuter
frequency report occurrence of more number of fatalities. For the night-locations, midblock
crossings are safer as compared to intersection crossing. Also, at-grade crosswalks with proper
zebra marking reduces crash probability as compared to grade-separated and unmarked at-
grade crossings. Besides, proper lighting conditions at shelters reduces chances of collision for
waiting pedestrians. Model comparison indicated Hurdle NB models to be more suitable for
similar datasets with excess ‘sampling’ zeroes.

A matched case-control study was carried out as an alternative for obtaining Crash
Modification Factor for pedestrian safety near bus stops. Eighty-two pairs of cases (fatal) and
controls (non-fatal) were matched based on study zones and similar road type. Conditional
Logistic regression was applied for modelling the data. Results from the fitted models indicated
that presence of foot-over-bridge or subways near bus stops increases the odds of fatality by
about 30 times. Also, a well-lit bus shelter offers a safer waiting environment for pedestrians
at night, reducing risk of pedestrian-vehicular collisions by approximately 16 times.

To understand the safety perception of pedestrians, top 10 high-crash bus stops were
selected and a questionnaire survey was conducted to collect the commuters’ personal details.
It was followed by a set of Likert scale-based questions and the participants were asked to rate
their opinion about the existing facilities. A total of 70 participants were interviewed, seven
from each location and targeting every third or fourth pedestrian irrespective of age and gender.

Preliminary data analysis indicates that majority of the pedestrians were unwilling to
opt for foot-over-bridges, unless they have elevators. Females and younger pedestrians were
more willing to use subways as compared to others. They were also considered safety near bus
stops as a more important attribute than comfort and convenience. Furthermore, the crossing
facility at most of the bus stops scored significantly low, which means that an emphasis needs

to be laid on improving the convenience and safety of pedestrians while crossing. Application
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of Principal Component Analysis and linear mixed-effects model showed pedestrian age, travel
frequency, trip purpose, median type, sidewalk quality and number of lanes as impacting
parameters on the perception of pedestrians who access such high-risk bus stops.

Overall, the research highlighted the existing condition of the road infrastructure near
bus stops in Delhi NCT and the attributes that require immediate attention in order to reduce

pedestrian fatalities in future.
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