
Assessing Safety Level of Bus Stops in the Absence of Crash Data 1 
 2 

Submission Date: 15
th

 November, 2015 3 
Words in Abstract: 216 4 

Words in Text: 4918 5 
Number of Tables: 02 6 
Number of Figures: 08 7 

Total word count (including Tables and Figures): 7634 8 
 9 

 10 
Munavar Fairooz Cheranchery 11 
Department of Civil Engineering,  12 
Indian Institute of Technology Kharagpur, 13 
Kharagpur - 721302, India,  14 
Phone: +91 – 75578 18784; Email: fairoozmunavarc@gmail.com 15 

 16 
Kinjal Bhattacharyya 17 
Department of Civil Engineering,  18 
Indian Institute of Technology Kharagpur, 19 
Kharagpur - 721302, India,  20 
Phone: +91 -98300 92700; Email: kinjalb.ce@gmail.com 21 

 22 
*Bhargab Maitra 23 
Department of Civil Engineering,  24 
Indian Institute of Technology Kharagpur, 25 
Kharagpur - 721302, India,  26 
Phone: +91 - 94340 40738; Fax: Email: bhargab@civil.iitkgp.ernet.in 27 

 28 
Manfred Boltze 29 
Department of Civil and Environmental Engineering,  30 
Technische Universität Darmstadt,  31 
64287 Darmstadt, Germany,  32 
Phone: +49 – 6151 16 – 2025 Email: boltze@verkehr.tu-darmstadt.de 33 
 34 
 35 
(*Corresponding Author) 36 
 37 

mailto:fairoozmunavarc@gmail.com
mailto:kinjalb.ce@gmail.com
mailto:bhargab@civil.iitkgp.ernet.in
mailto:boltze@verkehr.tu-darmstadt.de


Cheranchery, Bhattacharyya, Maitra and Boltze                                                                                                          2             

Abstract 1 
Road safety is a major concern in emerging countries such as India and bus stops are the major points of 2 
concern as they act as interfaces where the pedestrians interact with transit vehicles. However, it is a 3 
challenge to evaluate bus stop safety in the context of emerging nations as reliable crash data near bus 4 
stops are generally unavailable. This paper presents a four-step methodology to assess the safety level of 5 
bus stops by analyzing the existing bus stop facilities in the absence of crash data. The methodology has 6 
been applied to evaluate the safety level of 45 existing bus stops located along a typical urban corridor in 7 
the Kolkata metropolitan city, India. The unsafe acts were identified and causal factors were classified in 8 
terms of design and management deficiencies, safety levels of bus stops along the corridor were assessed, 9 
prioritization of the bus stops was carried out and appropriate recommendations were made to improve 10 
the safety levels. While the methodology developed in this study is expected to be of interest to the 11 
researchers in the field of public transport safety, the application of the methodology as demonstrated in 12 
this paper is likely to encourage the practitioners to apply a similar approach to identify safety lacunas at 13 
bus stops and take appropriate measures for improvement. 14 
 15 
Keywords: safety level, bus stop, prioritization, design deficiency, management deficiency, emerging 16 
countries 17 

 18 
  19 
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INTRODUCTION 20 
Bus system is the predominant public transport mode in majority of Indian cities, as it offers an 21 

extensive and low cost service (1). While in many countries bus is serving only the mobility needs of the 22 
economically weaker segments of the society, or captive riders, it also has the potential to act as a demand 23 
management instrument by attracting private vehicle users, or the choice riders (2), (3). This shift in focus 24 
is necessary to address the growing imbalance between demand and supply of transport and the resulting 25 
negative externalities such as congestion and pollution (4), (5). In order to improve the bus system, it is 26 
necessary to focus on two major aspects: service quality (e.g., service headway, fare, schedule adherence, 27 
in-vehicle comfort, etc.) and safety standards. Road safety is a major concern in urban India as the 28 
country has witnessed an alarming increase in the number of road accidents. The total number of fatalities 29 
increased at an average rate of about 4% per year during 1997-2003 and the rate has increased to 8% per 30 
year beyond 2003 (6). In order to improve the safety standards of the bus system, it is necessary to 31 
address the passenger safety on-board, as well as at the transfer points or the bus stops. Bus stops are the 32 
interface where bus users initiate/terminate their journey by bus and, hence, are potential locations for 33 
vehicle-pedestrian interaction. This demands the need of a safe bus stop facility (7). Safety in and around 34 
bus stop is a crucial yet neglected aspect in Indian cities. Many of the bus stops do not have proper 35 
facilities which include passenger waiting area, loading area, sidewalk facility, and crosswalk facility (8). 36 
Design deficiencies, such as inadequate capacity of the facilities, inappropriate location of crosswalk, and 37 
improper management (i.e. maintenance and enforcement) which results in physical obstructions along 38 
sidewalk, on street parking etc. (Figure 1) are the major issues of concern. It is observed that these 39 
deficiencies in and around bus stops lead to violations, such as encroachment of bus user into the roadway 40 
while accessing and waiting for the bus, crossing the road at undesirable locations, loading/unloading of 41 
passengers at multiple points on the roadway, etc. Further, it leads to the vehicle-pedestrian conflicts and 42 
ultimately to accidents of different severity levels. Hence, there is a dire need to improve the safety 43 
standards at the bus stops. However, in the case of emerging countries, such as India, owing to the serious 44 
constraints in financial resources, institutional constraints etc. massive safety improvement works may not 45 
be possible to execute within a short time span (9). Therefore, it is essential to develop a methodology to 46 
prioritize the bus stop, which requires immediate attention, on the basis of safety level which will ensure 47 
the safety improvement works to be carried out in different phases based on priority rankings for the 48 
measures.  49 

The assessment of safety level and accident potential of bus stops has been investigated by 50 
several researchers. Pulugartha et al. (10) developed a methodology to identify the hazardous bus stop 51 
locations by using crash data. A similar risk based approach was proposed by Hazaymeh, K. (11) to 52 
identify the unsafe bus stops. Subsequently, Truong et al. (12) developed a methodology to rank unsafe 53 
bus stops by using crash data. Amadori et al. (7) developed a methodology to correlate the accident 54 
occurrence to the absence of a particular bus stop facility. It may be observed that the methodologies 55 
developed by researchers use crash data for evaluation of safety performance of bus stops. However, in 56 
the case of emerging countries, either the accident data is not available or it is not reliable (13). Therefore, 57 
this paper attempts to develop a methodology to assess the safety level and to prioritize bus stops 58 
regarding their need for safety improvements in the absence of accident data.  59 
 The paper is organized in four sections. Section 2 describes a four stage methodology to assess 60 
the safety level of bus stops and to prioritize them accordingly. The methodology has been demonstrated 61 
with reference to a case study in the Kolkata city and the results have been summarized in Section 3. The 62 
paper is concluded in Section 4 by summarizing the significance and applicability of the methodology in 63 
the context of emerging countries and its potential contribution in assessing the safety level of bus stops 64 
in the absence of crash data. 65 
 66 
 67 
 68 
 69 
 70 
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FIGURE 1 (a) Absence of passenger waiting area; (b) On-street parking in front of waiting area; 91 
(c) Physical obstruction on sidewalk; (d) Shops obstructing side walk facility. 92 

METHODOLOGY 93 
 A four step methodology to assess the safety level of the bus stops is discussed in this section and 94 
is illustrated in Figure 2. It includes identification of unsafe acts in and around the bus stops and its causal 95 
factors, classification of the causal factors under design and management deficiencies of bus stop 96 
facilities, development of a model to assess the safety level of the bus stops, and the prioritization of bus 97 
stops based on safety level. 98 
 99 
Unsafe acts and causal factors  100 
Unsafe acts may be defined as those practices performed by bus users or drivers, which may result in 101 
vehicle-pedestrian conflicts. For instance, encroachment of bus users to the roadway is an unsafe act 102 
which exposes the bus user to the traffic flow and leads to vehicle-pedestrian conflicts. Absence of 103 
waiting area, absence of sidewalk facility, presence of street vendors along the sidewalk etc. are some of 104 
the factors contributing to this unsafe act. Thus, the role of unsafe acts is crucial in assessing the safety 105 
level of the bus stops, and hence, it is necessary to identify the potential unsafe acts and its causal factors 106 
to quantify the safety level of the bus stops. Therefore, this stage of the methodology is focused on 107 
identifying various unsafe acts and its causal factors based on literature and field study.  108 
 109 
Classification of causal factors 110 
It was observed from the field that causal factors are the result of deficiencies in either design or 111 
management of bus stop facilities. Also, in emerging countries such as India, management deficiencies, in 112 
general, are more dominant and a major source of concern for the majority of bus stops. Even if the bus 113 
stop design is as per requirements in several cases, the management deficiency makes the bus stop unsafe. 114 
Therefore, in this stage, causal factors which are due to the deficiencies in capacity, location and 115 
supporting elements (lighting and drainage) of the bus stop facilities are classified under design 116 
deficiencies, and those which are due to the deficiencies in maintenance and enforcement are classified 117 

(a) 

(c) (d) 

(b) 
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under management deficiencies. Further, the fundamental relationship between causal factors and unsafe 118 
acts, which forms the basis for the safety assessment model, were also demonstrated in a tabular form.  119 
 120 

 121 
FIGURE 2 Flow chart showing methodology to assess safety level of bus stops. 122 

 123 
Model for assessing safety level 124 
In this stage, an attempt has been made to relate the safety level of bus stops to the unsafe acts and its 125 
causal factors. Accordingly, the independent variable being a categorical variable, a linear model is 126 
adopted (13). The model developed to assess the safety level of the bus stops may be expressed as:  127 

S =     ∑       
 
   )                                                                                                             (1) 128 

Where,  129 
S   : safety level of a bus stop,  130 
xi   : a dummy variable representing the presence (xi=1) or absence (xi=0) of a causal factor in a bus 131 
stop, 132 
wi   : weightage of the causal factor. 133 

 134 
Further, weightage of the causal factor can be expressed mathematically as:  135 

 wi =cip*dp                                                                                                                       (2) 136 
Where,  137 

cip  : contribution index, which indicates the relative contribution of i
th
 causal factor to the p

th
 138 

unsafe act,  139 

dp   : degree of danger associated with the p
th
 unsafe act. 140 

 141 

See Table 1 

See Figure 6 See Table 2 
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There may be more than one causal factor for the same unsafe act; as a result, the relative contribution of 142 
each causal factor to the respective unsafe act will be different, and it has been denoted as contribution 143 
index (cip). The cip values of the causal factors with respect to an unsafe act are normalized to 1. 144 
Similarly, different unsafe acts will have different degrees of danger. For example, crossing road at any 145 
undesirable point may be more hazardous than loading/unloading passengers at multiple locations other 146 
than designated bus stops. Therefore, dp indicates the degree of danger associated with p

th
 unsafe act. 147 

In general, the safety level of the bus stop is a function of three important parameters: causal factor (xi), 148 
contribution index (cip), and degree of danger (dp).Therefore, by considering all three parameters, the 149 
safety level equation can be modified as follows:                                                        150 

S =10(1 - ∑ ∑          
 
   

 
    )                                                                                               (3) 151 

where, n and j are the total number of causal factors and unsafe acts respectively. In the present work, an 152 
expert scoring method was adopted to obtain the contribution of various causal factors to the respective 153 
unsafe acts, and an Analytical Hierarchy Process (AHP) was performed to obtain the degree of danger 154 
associated with various unsafe acts. 155 

 156 
Prioritization of Bus stops  157 
As discussed in the previous section, the safety level of the bus stops is calculated from the values of cip, 158 
dp and xi (obtained through field investigation of the bus stop) by using equation 3.  Accordingly, the 159 
prioritization of the bus stops is performed based on the fact that „the lower the safety level the higher is 160 
the priority for improvement‟.  161 
 162 
APPLICATION  163 

This section briefly explains the application of the aforementioned methodology to assess the 164 
safety level of the bus stops in a traffic corridor in the Kolkata metro city, India. A corridor of 8.2 km 165 
starting from K.C. Das intersection to Tollygunge tram depot, via Shyamaprasad Mukherjee road and 166 
Deshapran Sashmal road, in Kolkata metropolitan city, India, was selected for the study (Figure 3). It 167 
includes 45 bus stops by considering both sides of the corridor. The corridor serves high pedestrian and 168 
traffic volumes, consisting of 4 lanes separated by a median. It allows two-way traffic except for the 169 
section between Exide junction and Tata center junction. The traffic from KC Das junction to Exide 170 
junction travels through the Jawaharlal Nehru road and the opposite direction traffic travels through 171 
Cathedral road, for this particular one way section. This one way section of length 1.7 km ends at the Tata 172 
center junction and again follows two-way traffic for the rest of the corridor. 173 

 174 
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 175 
FIGURE 3 Study Corridor in the Kolkata metro city. 176 

 177 
Unsafe acts and causal factors 178 
Based on field observations and review of literature, five important unsafe acts in and around bus stops 179 
were identified. These are (a) encroachment of bus users to the roadway (u1) (14), (b) crossing road in 180 
front of a stopped bus (u2) (15), (16), (c) crossing road at locations where sight distance with bus is 181 
inadequate (u3) (16), (17), (d) crossing road at undesignated locations (u4) (18), (19) and (e) 182 
loading/unloading of passengers at multiple locations other than the designated bus stop locations (u5) 183 
(20). The unsafe acts are further discussed below. 184 
 185 
Encroachment of the bus users to the roadway (u1) 186 
Bus users may encroach the roadway when they walk by using carriageway instead of using sidewalk or 187 
wait for the bus on the carriageway rather than at the waiting area (Figure 4a). The factors which 188 
predominantly contribute to this unsafe act include: Absence of/ inadequate waiting area (u1f1), absence 189 
of/inadequate sidewalk facility (u1f2), lack of lighting facility along the sidewalk (u1f3), lack of drainage 190 
facility (u1f4), untidy surrounding (u1f5), encroachment of sidewalk by parked vehicles (u1f6) and 191 
presence of street vendors along the sidewalk (u1f7). 192 
 193 
Crossing road in front of a stopped bus (u2) 194 
Field observations revealed that, in several cases, pedestrians attempt to cross road in front of a stopped 195 
bus immediately after alighting from the bus (Figure 4b). As a result, pedestrians were unable to see the 196 
vehicle approaching in the same direction as that of the stopped bus. Locating crosswalk at far-side of the 197 
loading area (u2f1) and locating bus stop at nearside of the intersection (u2f2) are the potential factors 198 
contributing to this unsafe act. 199 
 200 
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Crossing road at locations where sight distance with bus is inadequate (u3) 201 
In several cases, sight distance may become inadequate for the bus drivers to stop the bus at a safe 202 
distance from the pedestrians who are either waiting for the bus in the travel way or are crossing the road 203 
in front of the bus stop (Figure 4c). Factors which may contribute to such unsafe acts include: On street 204 
parking (u3f1), locating the waiting area immediately after a curve or at the crest of a hill (u3f2), lack of 205 
lighting facility at bus stop (u3f3), and physical obstruction (u3f4). 206 
 207 
Crossing road at undesignated locations (u4)  208 
The following factors may force bus user to cross road at undesirable locations by not using the provided 209 
crosswalk facility, while accessing/departing the bus stop (Figure 4d): inadequate width of the crosswalk 210 
(u4f1), locating crosswalk far away from the bus stop (u4f2), invisible crosswalk marking (u4f3),  and 211 
vehicle not stopping at a safe distance from the crosswalk (u4f4).  212 
 213 
Loading/unloading of passengers at multiple locations other than the designated bus stop locations (u5)  214 
Passengers, in some cases, are forced to board/alight the bus at multiple locations along the roadway 215 
which expose them to the traffic at different locations along the roadway as they are unable to access the 216 
pedestrian facilities immediately (Figure 4e). Inadequate capacity of the loading area (u5f1), bus not 217 
stopping at the designated loading area (u5f2), unreasonably high dwell time (u5f3), and lack of drainage 218 
facility (u5f4) are the potential factors which may contribute to such unsafe act. 219 

 220 

 221 

 222 

 223 

 224 

 225 

 226 

 227 

 228 

 229 

 230 

 231 

 232 

 233 

 234 
 235 
 236 
 237 
 238 
 239 
 240 
 241 
 242 
FIGURE 4 (a) Encroachment of bus users to the roadway (u1); b) Crossing road in front of a 243 
stopped bus (u2); c) Crossing road at locations where sight distance with bus is inadequate (u3); d) 244 
Crossing road at undesignated locations (u4); e) Loading/unloading of passengers at multiple 245 
locations other than the designated bus stop locations (u5) 246 
 247 
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Classification of causal factors  248 
The identified causal factors were classified under design and management deficiencies of bus stop 249 
facilities, and the relation between causal factors and the unsafe acts are also demonstrated in Table 1. For 250 
this purpose, a bus stop facility was broadly divided into four segments, viz., passenger waiting area, 251 
loading area, sidewalk facility and crosswalk facility (15), (21). While the left side of the table is showing 252 
the unsafe design characteristics for each segment, the right side deals with the management issues. The 253 
middle portion of the table describes the resulting unsafe acts due to deficiencies in design and 254 
management.  255 
 256 
TABLE 1 Classification of causal factor under design and management deficiencies of bus stop 257 
facilities

1
 258 
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Inadequate distance from 

intersection 
u1 

u1 Water logging  

u1 Dirty surroundings 

Near side of intersection u2 u5 On-street Parking Enforcement 

Immediately after a 

curve/ at the crest of hill 
u3 u4 Invisible marking Maintenance 
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Absence of lighting  u3 

u4 
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Enforcement 
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 Capacity Inadequate width u4 u1 Physical obstruction  
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Too far from bus stop u4 u1 Patches and potholes 

Far side of Loading area u2 u1 untidy surroundings 

Supporting  
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Absence of lighting  u3 

u1 Sidewalk Parking 

Enforcement 
u1 Hawkers and vendors 

S
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 Capacity Inadequate width u1 

Supporting  

Elements 

Absence of lighting  u1 
u5 Waterlogging  Maintenance 
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 Capacity 
Length not satisfying bus 

frequency  
u5 u5 On-street Parking 

Enforcement 

Supporting  

Elements 

Absence of lighting  u3 
u5 

Unreasonably higher 

dwell time Absence of drainage u5 

 259 
Capacity, location, and supporting elements (lighting and drainage facility) are the design related 260 
characteristics of the waiting area. For example, inadequate waiting area is an unsafe design related to the 261 
„capacity‟ characteristic of the waiting area, which may result in unsafe act u1. Similarly, locating the bus 262 
stop immediately after a curve or at the crest of a hill is an unsafe design related to the „location‟ 263 
characteristic of the waiting area, which may result in unsafe act u2. Moreover, lighting and drainage 264 
facilities are considered as the supporting elements of the bus stop, and their absence is also considered as 265 
an unsafe design practice. Likewise, unsafe design related to the characteristics of other segments like 266 
sidewalk facility, crosswalk facility and loading area may also result in unsafe acts around the bus stop, 267 
and all the factors which may cause potential unsafe acts are comprehensively shown in Table 1. 268 

It was also observed that, lack of proper enforcement and maintenance, collectively called as 269 
management deficiency can also result in unsafe acts around the bus stop. For instance, waterlogging in 270 

                                                 
1
 The used symbols for the unsafe acts are explained in the text above. 
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front of the bus stop may force the bus users to move away from the bus stop and wait for the bus by 271 
encroaching the roadway. Similarly, on-street parking in front of the waiting area may force the bus users 272 
from the dedicated waiting area to encroach the roadway. While waterlogging in front of the waiting area 273 
is a result of improper maintenance, on-street parking is a result of improper enforcement, yet both 274 
contribute to the same unsafe act u1. Likewise, improper management related to each segment may result 275 
in unsafe acts around the bus stop and they are again comprehensively demonstrated in Table 1. 276 
 277 
Model for assessing the safety level  278 
As discussed in the methodology section, a linear model for assessing the safety level of the bus stop is 279 
suggested in Equation (1). Weightage of any causal factor is the product of its relative contribution to the 280 
unsafe act cip and the degree of danger associated with the unsafe act dp. In order to establish the cip and dp 281 
values, an analytical approach has been adopted. Expert scoring method was used to estimate cip. For 282 
estimating dp values, expert‟s pairwise comparison on each unsafe act was obtained, followed by AHP to 283 
transform it into a normalized matrix. A panel of 15 experts (same experts for both scoring and AHP 284 
method) including traffic engineers, safety engineers and researchers of transportation engineering were 285 
approached for conducting the survey. 286 
 287 
Determination of cip  288 
An expert scoring survey was conducted to determine the relative contribution of each causal factor to the 289 
corresponding unsafe acts. The questionnaire was given to the experts and they were asked to give their 290 
score (out of 10) on the contribution of each factor to the unsafe act. The normalized score of the factors 291 
was taken as the contribution index of the causal factors. 292 
 293 
Determination of dp 294 
An AHP survey questionnaire was developed to facilitate a pairwise comparison on the degree of danger 295 
among the five unsafe acts. SAATY‟s 9 point scale (22) was used to compare them. After conducting the 296 
pairwise comparison survey, the response from each expert was transformed into a standardized matrix. 297 
The responses obtained from the experts were checked for consistency and those responses with a 298 
consistency ratio of less than 0.1 were accepted (12 responses) (22). After checking the consistency, 299 
normalized matrix was formed by performing AHP computations on standardized matrix. Finally, dp 300 
values of unsafe acts were obtained by taking the arithmetic mean of rows of the normalized matrix. 301 
„Crossing at undesignated locations (u4)‟, „crossing road at locations where sight distance with bus is 302 
inadequate (u3)‟ and crossing road in front of a stopped bus (u2) were found to be the most dangerous 303 
with dp values 0.3, 0.24, 0.19 respectively, whereas „loading/unloading of passengers at multiple locations 304 
other than the designated bus stop locations (u5)‟ and „encroachment of bus users to the roadway (u1)‟ 305 
were found to be least dangerous with dp values 0.13 and 0.14 respectively.  306 
 307 
Weightage of the causal factors 308 
As mentioned earlier, weightages (wi) of the causal factors were obtained by taking the product of 309 
contribution index the (cip) and degree of danger values (dp). Initially, weightages given by the individual 310 
experts were calculated, and then the arithmetic means of these individual weightages were reported as 311 
the weightages of causal factors (Figure 5). It was found that, „vehicle not stopping before crosswalk 312 
(u4f4)‟ got maximum weightage (10.2%), followed by „Locating crosswalks at the nearside of the 313 
intersection (u2f2)‟ (9.8%) and „locating the cross walk at far side of the loading area (u2f1)‟ (8.9%). On 314 
the other hand, „lack of drainage facility (u1f4)‟ (1.6%), „encroachment of sidewalk by parked vehicles 315 
(u1f6)‟ (1.7%) and „physical obstruction and untidy surroundings (u1f5)‟ (1.8%) were found to be the 316 
causal factors with least weightages.  317 
 318 
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     319 
FIGURE 5 Variation of weightage among causal factors 320 
 321 
Calculation of the safety level of bus stops 322 
After obtaining the weightage of the causal factors, the presence/absence of the causal factors (whether xi 323 
is 1 or 0) in each bus stop were checked by visiting aforesaid traffic corridor. Finally, the safety level of 324 
each bus stop was calculated as shown in Table 2. Safety levels of the bus stops were found to be varying 325 
in the range 3.7 to 9.7. Nearly 40% of the bus stops were having a safety level less than 7.5. 326 

 327 
TABLE 2 Calculation of safety level of Charu market Bus stop 328 

Bus stop name: Charu market bus stop     Landmark: SBI 

Causal 

factors 

wi 

(a) 

xi 

(b) 

wi xi 

 (a) *  (b) 

Causal 

factors 

wi 

(a) 

xi 

(b) 

wi xi 

 (a) *  (b) 

u1f1 0.026 1 0.026 u3f3 0.052 1 0.052 

u1f2 0.023 1 0.023 u3f4 0.068 1 0.068 

u1f3 0.019 0 0 u4f1 0.049 0 0 

u1f4 0.016 0 0 u4f2 0.083 1 0.083 

u1f5 0.018 0 0 u4f3 0.073 0 0 

u1f6 0.017 0 0 u4f4 0.102 1 0.102 

u1f7 0.020 1 0.020 u5f1 0.035 0 0 

u2f1 0.089 1 0.089 u5f2 0.035 0 0 

u2f2 0.098 1 0.098 u5f3 0.028 0 0 

u3f1 0.052 0 0 u5f4 0.031 0 0 

u3f2 0.065 1 0.065     

 A = 0.321  B = 0.305 

Safety level = 10*(1-(A+B)) = 10*(1-(0.321+0.305))= 3.74 

 329 
Prioritization of bus stops  330 
In this stage, based on the safety level obtained for various bus stops, prioritization of the bus stops was 331 
carried out for the fact that lower the safety level higher the priority for improvement. It was found that, 332 
Jeevan Deep (Safety Level = 9.7), Hazra junction (Safety Level = 9.6) and Rashbehari (Safety Level = 333 
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9.6) bus stops respectively were at the bottom three positions in terms of the priority, and on the other 334 
hand, Charu market (Safety Level = 3.7), Park street (Safety Level = 4.3), and Dharmatala (Safety Level 335 
= 5.1) bus stops were at top three positions respectively. In addition, the variation of the safety level of 336 
the bus stops along the corridor is plotted (Figure 6), so that it helps in identifying segments of the 337 
corridor with low safety levels. 338 
    339 

                340 
FIGURE 6 Variation of the safety level of bus stops along the study corridor 341 
 342 
Discussion and Recommendations  343 
After determining the safety levels of 45 bus stops, it was observed that the safety level is varying from 344 
3.7 to 9.7 (10 being best and 0 being worst in terms of safety) and about 40 % of the bus stops have safety 345 
levels less than 7.5. The frequency of occurrence of the safety deficiencies at the bus stops which were 346 
investigated is illustrated in Figure 7. Vehicle not stopping at a safe distance from crosswalk (u4f4), 347 
presence of street vendors along the sidewalk (u1f7), on street parking (u3f1), and absence of waiting area 348 
(u1f1) were the most common deficiencies associated with the bus stops that were investigated. Also, it is 349 
evident from the figure that management deficiencies are dominant over design deficiencies at the bus 350 
stops along the study corridor. Although the study included a safety level assessment (as illustrated for 351 
Charu market bus stop in Table 2) and recommendations to improve the safety level for all 45 bus stops 352 
along the corridor, in the present paper, safety levels and recommendations based on the observed 353 
deficiencies are reported only for the three worst and best cases, as examples.  354 
 355 
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 363 
FIGURE 7 Frequency of safety deficiencies along the study corridor

2
. 364 

 365 
Analysis of the worst three Bus Stops  366 
Charu market (Figure 8a) (Safety Level = 3.7), Park street (Figure 8b) (Safety Level = 4.3), and 367 
Dharmatala (Figure 8c) (Safety Level = 5.1) bus stops were found to be the worst three among 45 bus 368 
stops in terms of safety level.  369 
Measures for improving the safety deficiencies of the bus stops are classified under design and 370 
management measures. Based on the safety deficiencies observed in the design, it is recommended to (i) 371 
increase the waiting area capacity (ii) provide adequate sidewalk and lighting facilities to improve the 372 
safety level of these bus stops. In case of Charu market and Park Street bus stops, it is recommended to 373 
provide a crosswalk facility near the bus stop.  374 
Based on the safety deficiencies observed in the management, it is recommended to carry out regular 375 
maintenance works to remove physical obstructions, and to strengthen the enforcement measures to avoid 376 
vehicle-pedestrian conflicts at the crosswalks. It is observed that the street vendors and parked vehicles 377 
encroach into the designated side walk facility, thereby significantly reducing the pedestrian walking 378 
space along these bus-stops. While a control on the encroachment of vendors into the walking space of 379 
pedestrians is necessary, it is important to provide a designated space for these vendors. Therefore, it is 380 
recommended to segment the available footpath space into pedestrian zone (as per the standards, a 381 
continuous unobstructed minimum width of 1.5 m (23)) and vendors‟ zone, and strictly enforce the use 382 
respective zones to prevent encroachment of pedestrian space by vendors or parked vehicles.  383 
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In principle, while designing the urban road network, it is important to consider the requirements of all 384 
users especially pedestrians; so that pedestrians do not feel the need to encroach the right of way of cars 385 
in an unsafe manner, which will improve safety, mobility, and efficiency around the bus stops(8). 386 
Analysis of Best Three bus stops  387 
Jeevan Deep (Figure 8d) (Safety Level = 9.7), Hazra junction (Figure 8e) (Safety Level = 9.6), 388 
Rashbehari (Figure 8f) (Safety Level = 9.6) bus stops were found to be the best in terms of safety level. 389 
All three bus stops were devoid of any deficiencies related to passenger waiting area and crosswalk 390 
facility.  In order to further improve the safety level, it is recommended to discourage the buses at Jeevan 391 
deep from stopping for unreasonably long durations to pick up more passengers and to remove physical 392 
obstructions along the sidewalks in Hazra and Rashbehari.  393 
 394 

 395 
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 399 

 400 

 401 
 402 

 403 
 404 
 405 
 406 
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 409 
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 412 
 413 
 414 
 415 
 416 
 417 
FIGURE 8 (a) Charu market bus stop; (b) Park Street bus stop; (c) Dharmatala bus stop;              418 
(d) Jeevan Deep bus stop; (e) Hazra junction bus stop; (f) Rashbehari bus stop 419 
 420 
CONCLUSIONS  421 

The study presents a novel methodology to assess the safety level of bus stops by analyzing the 422 
existing bus stop facilities in the absence of crash data. This methodology provides a rational basis to 423 
investigate bus stop safety at majority of the emerging countries where reliable accident records are not 424 
available. The methodology includes the identification of potential unsafe acts and its causal factors, the 425 
classification of causal factors under design and management deficiencies of bus stop facilities, 426 
establishing a model to assess the safety level of bus stops, and prioritization of the bus stops for 427 
improvements based on their safety level.  428 

The methodology was applied successfully to evaluate the safety level of 45 existing bus stops 429 
located along a typical urban corridor in the Kolkata metropolitan city, India. The causal factors were 430 
identified in terms of design and management deficiencies, safety levels of bus stops along the corridor 431 
were assessed, prioritization of the bus stops was carried out and appropriate recommendations were 432 
made to improve the safety levels of the unsafe bus stops. Vehicle not stopping at a safe distance from 433 
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crosswalk, presence of street vendors along the sidewalk, on-street parking, and absence of waiting area 434 
were the most common deficiencies associated with the bus stops investigated in the present work. It was 435 
also observed that management deficiencies were dominant over design deficiencies at these bus stops. 436 
Safety levels of the bus stops ranged between 3.7 and 9.7 (10 being the best and 0 being the worst), and 437 
nearly 40% of the bus stops have a safety level less than 7.5. The recommended measures are expected to 438 
improve the safety deficiencies of these bus stops.  439 

Although the methodology was developed to assess bus stop safety in the context of emerging 440 
countries where exhaustive and reliable accident data for bus stops are unavailable, it would be interesting 441 
to apply the methodology in cases where crash data are available and relate the findings with the actual 442 
crash data. While the methodology developed in this study is expected to be of interest to the researchers 443 
in the field of public transport safety, the application of the methodology as demonstrated in this paper is 444 
likely to encourage the practitioners to apply a similar approach to identify safety lacunas at bus stops and 445 
take appropriate measures for improvement. Further, the methodology developed provides an insight into 446 
the safety related to design and management of the bus stops, which could be instrumental in formulating 447 
appropriate policies. Also, the findings from the present work encourage the need for identifying potential 448 
solutions for safety improvements in challenging environments prevailing in developing countries. The 449 
perception of safety may vary with respect to different classes of pedestrians based on their age, gender 450 
etc. Therefore, it may be necessary to extend the work further to account the perception of different 451 
classes of pedestrians to improve the safety level of bus stops.  452 
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