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Abstract

One of the most important needs of pedestrians is safety at crossing points, especially at intersections.
Intersections are important parts of the urban road network because any disruption in them reduces the
capacity of the entire network. The main objective of this research is to propose an appropriate method for
prioritizing urban intersections with considering the important factors affecting pedestrian crashes to
promote the safety level of pedestrians at intersections of the 11th district of Tehran. In this paper, after
comparing different models, finally, the negative binomial model was developed to predict the effects of a
set of factors expected to the frequency of pedestrian crashes. According to the proposed model, a larger
volume of pedestrians and vehicles reduced the safety of intersections. Also imposing traffic restrictions in
the central business district causes increasing motorcycle flows and has led to more dangerous area. Also,
according to the results of prioritization using this method showed that the intersection of Imam Khomeini
and Valiasr with an improvement potential of 6.93 has the most potential of improvement. Based on crash
reduction factor, a method for estimating the effect of a variable on crash frequencies, one-unit increasing
in natural logarithm of average pedestrian and vehicle volumes, commercial land use and number of public
transport stations will increase the crash frequencies by 29.82, 83.49, 56.99 and 14.34 percents,
respectively. Also, when sidewalk effective widths increased by one-unit, the probability of pedestrian
crashes at intersections will reduced by 14.87 percent.
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1. Introduction

Walking is the most fundamental form of human
movement as well as the most unprotected mode
of transportation. According to the report
published by the European Union in 2015,
pedestrian crashes account for about 23% of
fatality crashes in European countries [National
Highway Traffic Safety Administration, 2017]. In
Australia, pedestrians also account for 17% of
total transport damage and 13% of total deaths
[European Commission, 2016]. In the United
States, it was estimated that pedestrian crashes
caused 5,376 fatalities and 70,000 injuries,
accounting for 15% of overall deaths caused by
crashes [BITRE, 2013]. According to a report
published in March of 2018 by the Tehran
Municipality, pedestrian fatalities in Tehran
account for 50% of the total deaths caused by
traffic crashes.

According to the data including a large number of
pedestrian crashes, it was necessary to investigate
the prioritization of crash prone intersections by
pedestrian crash prediction models. Also
nowadays, traffic attributes are usually the more
preferred than safety status in the design of an
intersection  [Mirbaha,  Saffarzadeh, and
Noruzoliaee, 2013; Ticali and Corriere, 2018; Li
et al.2019].

This paper is structured as follows: Section 2 is
about literature reviews while section 3 describes
the methodology while in section 4 conducted a
pedestrian crash data analysis and modeling
process was introduced in section 5, and section 6
outlines the major conclusions.

2. Literature Review

It is obvious that the better solution for
eliminating pedestrian crashes at the intersections
is to use pedestrian overpass or underpass and
banning on entering pedestrians to streets, but this
is not social and economically feasible at most of
the intersections, or it encounters to budget
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constraints. Financial constraints make the point
that investments should take place where the
return on capital occurs at the right time [Qureshi
et al.2003]. Therefore, prioritization of urban
intersections improvement seems to help to
allocate appropriate funding for increasing
pedestrian safety. Using prediction models can be
a good way to prioritize urban intersections
improvement, which has also been considered in
previous studies [Xie et al. 2017; Ayati, Zaker,
and Sadeghi, 2010]. Estimating an appropriate
model for prioritizing based on pedestrian safety
requires the identification of factors affecting
pedestrian crashes and how each of these factors
affects the frequency of crashes. In the following
has been provided several previous articles that
focused on developing pedestrian crash
prediction models at intersections or somehow the
safety of pedestrians at intersections was taken
into consideration.

Siddiqui, Abdel-Aty and Choi. (2012) focused on
investigating the effect of spatial correlation on
pedestrian and bicycle crashes at Traffic Analysis
Zones (TAZ) in two counties of Florida. They
used Bayesian Poisson-lognormal model that
including roadway characteristics and various
demographic and socio-economic factors. They
found that average household income has been
significant with a negative sign in pedestrian
crashes at TAZs. Also, total number of
intersections per TAZ, total number of dwelling
units, logarithm of population per square mile of
a TAZ, and logarithm of the total employment in
a TAZ were positively associated with pedestrian
crashes in TAZs. [Siddiqui, Abdel-Aty and Choi,
2012].

Miranda-Moreno, Morency and EI-Geneidy,
(2011) focused on the effects of built environment
— including land use types, road network
connectivity, transit supply and demographic
characteristics — on pedestrian activity and
pedestrian-vehicle  crashes  frequency  at
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signalized intersections. They applied standard
negative binomial model, generalized negative
binomial model, and latent class negative
binomial model, using Montreal Transportation
Department and Montreal Public Health
Department databases. They found to decrease in
traffic volume would be associated with great
improvements in pedestrian safety [Miranda-
Moreno, Morency and El-Geneidy, 2011].

Pulugurtha and Sambhara (2011) used negative
binomial models for examining pedestrian
crashes at signalized intersections in the City of
Charlotte, North Carolina. Variables including
Pedestrian volume, vehicle volume, number of
bus stations, land use categories and population
found to be significant in three proposed models.
Population, number of bus stations, number of
approaches at an intersection, and the pedestrian
volume found to increase the number of
pedestrian crashes [Pulugurtha and Sambhara,
2011].

Bennet and Yiannakoulias (2015) focused on
finding out, and contrast crashes involving child
pedestrian risks at mid-block and intersection in
Hamilton, Ontario, Canada. They developed
conditional logistic regression to predict the log-
odds of collision risk at intersections and mid-
blocks. Intersection control type, traffic volume,
and land use characteristics found to be
statistically significant in the proposed model
[Bennet and Yiannakoulias, 2015].

In 2016, Kim investigated the impact of
intersection features on pedestrian and vehicles
crashes. The impact of several features of
intersections such as various locations of
constructed intersections, geometric design
factors, traffic control devices, and socio-
geographic features of adjacent neighborhood
intersections on pedestrian crashes. In this study,
first it was reviewed the archives of all pedestrian
crashes then dangerous intersections identified by

using a negative binomial regression model.
Finally, found that some factors such as number
of lanes, sequence of the entrance streets to the
intersection and the presence of on-street parking
near the intersections were negatively associated
with pedestrian safety [Kim, 2016].

Mooney et al. (2016) have applied negative
binomial model for examining the relationship
between intersections’ characteristics and
frequency of pedestrian injuries at intersections in
New York City. They concluded that marked
crosswalks, pedestrian signals, nearby billboards,
and bus stops were positively associated with
frequency of pedestrian injuries at intersections
[Mooney et al. 2016].

Murphy, Levinson and Owen (2017) developed
log-linear regression models for estimating risk
factor (either crashes per pedestrian, or crashes
per car) at urban intersections for automobile-
pedestrian crash in Minneapolis. They used 6-
hour pedestrian traffic flow and AADT as
dependent variables. Based on the findings of this
article, pedestrians were at a lower risk of being
hit by a car at intersections with higher pedestrian
traffic, and individual cars were at a lower risk of
hitting pedestrians at intersections with more car
traffic [Murphy, Levinson and Owen, 2017].
Xieetal. (2018) had an effort to identify the effect
of potential factors contributing to the occurrence
of pedestrian crashes. They used Poisson
lognormal models for the pedestrian crash
frequency at signalized intersections in Hong
Kong. So, the number of crossing pedestrians, the
number of passing vehicles, presence of curb
parking and presence of ground-floor shops were
found to increase pedestrian crash frequencies
[Xie et al.2018].

According to the previous studies mentioned
above, in most countries, models have been
proposed to identify the factors affecting
pedestrian crashes at intersections. These

articles have significantly differed in their
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goals. In most of them, the purpose is to
identify the factors affecting the frequency of
pedestrian  crashes at intersections.
Considering the wvery limited studies in
determining the factors affecting pedestrian
crashes at urban intersections in Iran, this
study attempted to calibrate a model for
predicting the frequency of pedestrian crashes
at intersections with the aim of prioritizing
intersections in conditions of Tehran, Iran.

3. Methodology

At this section, an appropriate model was
developed to predict the frequency of crashes at
intersections. A current approach to model crash
frequency is to develop univariate models, such as
Poisson or negative binomial models, to predict
the number of crashes for different categories
independently [Hauer et al.2004; Noland and
Quddus, 2005; Chang, 2005; Kim et al.2006;
Jonsson et al.2007; Hosseinpour et al.2014;
Mohammadi et al.2014; Kim, 2016; Mothafer et
al.2017]. In this paper, the number of pedestrian
crashes at intersections of the 11th district and
their boundary conditions (50 m) was modeled by
negative binomial regression model. Pedestrian
crash statistics for at least two years are required.
After identifying the intersections, an appropriate
model was developed based on the distribution of
the dependent variable. An important issue in
calibration of a suitable model for a dependent
variable is to examine independent variables that
affect the dependent variable. By reviewing
previous studies and consulting with experts,
suitable variables that affect the occurrence of
crashes were identified. Finally, it was concluded
that traffic characteristics, geometric design and
crash-related characteristics are effective factors.
Therefore, in this research various variables
including: average daily traffic volume, average
pedestrian volumes, presence of central business
distinct, land use categories, number of entry and
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outlet lanes to the intersection, number of
exclusive lanes, sequence of input streets to the
intersection, sidewalk average width, hawker
presence and their sidewalk blockages, sidewalk
average effective width, number of bus and metro
stations in vicinity of the intersection, intersection
control type were considered as an independent
variables in the modeling. Finally, after the
modeling process, concerning the potential for
improvement, the intersections were prioritized.

3.1 Statistical Models

Various methods have been used in recent years
to analyze the frequency of crashes. Using a
simple linear regression model to predict the
frequency of crashes has some limitations. In this
model, it is assumed that the dependent variable
(the frequency of pedestrian crashes) follows a
normal distribution. Also, given that the model's
prediction range from —oo to 400, it is likely to
predict a negative value for the frequency of
crashes [Abedini et al. 2013]. The dependent
variable in this research was pedestrian crash
frequencies and is a non-negative value. Poisson
and negative binomial regression models are
among methods that have been used for modeling
of crash frequencies by regarding the distribution
of data. accordingly, Poisson and negative
binomial regression models have been described.

3.1.1 Poisson Regression Model

Poisson model is sometimes used for the discrete
and non-negative nature of crashes [Ayati et al.
2010]. Accordingly, the average number of
predicted pedestrian crashes at each intersection
during a given time period is defined as Equation
1 [Washington, Karlaftis and Mannering, 2010]

() = EXP(BX;) 1)

Where A; is the average number of expected
pedestrian crashes at each intersection, X; is a
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vector of explanatory variables at intersection i in
a given time period and 3 is a vector of estimable
parameters. In Poisson model, it is assumed that
crash frequencies of crashes follow the Poisson
distribution. In this case, the probability of an
intersection experiences pedestrian crashes with a
set of certain characteristics is expressed as

Equation 2 [Washington, Karlaftis and
Mannering, 2010].
e_)‘i*lfi
P = — 71— )
¥i

The coefficients of B are estimated using the
maximum log of the likelihood function, LL(B) as

Equation 3 [Washington, Karlaftis and
Mannering, 2010]:
LL(B) = ) [~EXP(BX) +yiBX, ®

i
— LN(yiD]
Where y; is the number of observed pedestrian
crashes at intersection i.

3.1.2 Negative Binomial Regression Model
Poisson model in contrast to the negative
binomial model, it is assumed that the mean and
variance of dependent variable are equal. A
negative binomial distribution is a discrete
distribution that provides a model for high-
dispersion data, such as crash data [Abedini et al.
2013]. The negative binomial model is derived by
rewriting Equation 1, the average number of
predicted pedestrian crashes at each intersection
during a given time period is defined as Equation
4 [Washington, Karlaftis and Mannering, 2010].
(&) = EXP(BX; + &) 4)

where EXP(g;) is a Gamma-distributed
disturbance term with mean 1 and variance o.
Unlike Poisson distribution, the distribution of
negative binomial has two parameters which
general form of that is as Equation 5 [Washington,
Karlaftis and Mannering, 2010].

P(yp) =

1
Tlyity A 11
( 1a)*( T vy O
wr(zy) @+n !

Where a is overdispersed parameter, the mean
and variance of negative binomial models are as

Equations 6 and 7.
2
Var(Y) = ka + ka? = y; + % (6)

E(Y) = p =ka ()
The vector of estimated coefficients is obtained
using the maximum likelihood L(4;) as Equation
8 [Washington, Karlaftis and Mannering, 2010].

L) =11 I;/(:;Ef)) % ( 1)% Vi x ( 1 )é (8)

(5)+/1i (1+aly):

3.2 Model Evaluation

3.2.1 Over Dispersion Evaluation

Deciding whether a Poisson model is appropriate
or a negative binomial model can be made based
on one of the statistical tests such as Deviance or
Pearson's chi-squared goodness of fit. Deviance
of the model is as Equation 9:

D" =2(L - L™ 9)

Where Lf and L™ obtained from Equation 3 and 8
respectively. D™ distributed with "n-p" degree of
freedom, where 'n' is number observations and 'p'
equals the observed variables in the model. If
deviance is significantly greater than n-p, it means
that the model is overdispersed [Ayati and
Ghasemi Nogabi, 2010]. Also, Pearson's chi-
squared stated as Equation 10 with the degree of
freedom equals to 'n-p' [Washington, Karlaftis and

Mannering, 2010].
n(y; —$)? 10
Pearsons X2 = 2 u (10)
i=1 M
Where y; and §; are the number of observed and
estimated crashes respectively.
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3.2.2 Goodness of Fitness

The general criteria for the Poisson model and the
negative binomial goodness of fit are the
deviation and Pearson's chi-squared. If the
statistical model is appropriate, both values are
distributed as y 2 with n-p degree of freedom, n is
the number of samples and p is the number of
variables entered in the model. Therefore, if the
regression model is appropriate, both the Scaled
Deviance and Scaled Pearson Chi-Square are one
or nearly one [Ayati, Zakeri and Sadeghi, 2010].

To determine that the proposed model is
appropriate for other intersections and validation
of proposed models, T-test has been used and for
overall verification of the models, R? has been
used as Equation 12 [Vaziry et al. 2014].

L1 — ) (12)

R2=1- —
Z%\I=1(Yi - ¥)?

Where ¥ is the mean of observed crashes and
another variables defined previously.

3.3 Crash Reduction Factors

A method for estimating the effect of a
variable on crash frequencies is to assume
that other variables are constant and
calculates the average change in crashes for
one-unit increase in a variable. The crash
reduction factor is defined as Equation 13
[Ayati and Ghasemi Nogabi, 2010].

exp(Bi(x; + 1))
exp(Bix;)

ARF = —100( — 1) (13)

3.4 Prioritizing by Prediction Model

Here, the number of predicted crashes subtracts
from the number of observed crashes to calculate
the potential of improvement in each location.
One of the key features of this ranking method is

to report the potential of improvement of all sites
in a list. The potential of improvement for each
intersection calculated as Equation 14 JAASHTO,
2010].

P.|.:fj-fpj (14)

Where fj and fy; are the numbers of observed and
estimated crashes at each location.

4. Data Analysis

In this research, 85 dangerous intersections were
selected for priority improvement in Tehran's
11th district and crash data obtained from
Tehran's police which are related to 2015 and
2016. According to the statistics, more than 30%
of the total deaths were due to pedestrian crashes
at the intersections so intersection modifications
will increase pedestrian safety at the intersection.
A summarized of data illustrated in Figures 1
through 5 which Fig. 1 shows that the number of
pedestrian crashes in April is at the lowest and at
the highest level in December. According to Fig.
2, an ascending increase in the number of crashes
has been seen in the study area. Fig. 3 shows that
the highest frequency of pedestrian crashes is at
11-14 and 18-21, respectively. In the preliminary
analysis of crash data as Fig. 4, it became clear
that motorcycles are a serious threat to pedestrian
safety. Fig. 5 shows the number of pedestrian
crashes based on weekdays. Accordingly, the
frequency of pedestrian crashes is higher on
weekdays than weekends, and it has reached to
the highest level on Mondays.
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Figure 1. Total pedestrian crashes per month
[Tehran municipality, 2017]
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Figure 2. Number of pedestrian crashes per year
[Tehran municipality, 2017]
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Figure 3. Number of pedestrian crashes with
vehicles at different time intervals [Tehran
municipality, 2017]
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Figure 4. Type of vehicle collision with pedestrians
[Tehran municipality, 2017]
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Figure 5. Number of pedestrian crashes with
vehicles on weekdays [Tehran municipality, 2017]

4.1 Prioritization by crash prediction
model

At this section, an appropriate model was
developed to predict crash frequencies at the
intersections. According to the previous sections,
85 intersections in Tehran's 11th distinct were
used for modeling. For validation of models, the
data were divided into two groups of 70 for
creating a model and 15 for validating the model.
The first step in constructing a suitable model, is
the determination of effective independent
variables on the dependent variable. Then a list of
all independent variables was compiled, prepared
and their values were collected for all sample
members. After collecting various variables
(characteristics of the geometric design, traffic
flow characteristics) with the help of statistical
tools, the effect of each of these variables was
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evaluated with the number of crashes. Finally,
after creating the model and validating it, they
were prioritized concerning the potential for

4.2 Choosing Appropriate Distribution

The dependent variable in this research is
pedestrian crash frequencies which is a non-
negative value that has been showed in Table 1.
According to the comparison of mean and
variance of the dependent variable, it was found
that its variance is significantly higher than the
mean (mean = 5.94 and the variance = 20.07), which

using Pedestrian Crash Prediction Model

improvement of these 85 intersections. A
characteristic of these intersections is given in
Table 1.

indicates the dispersion of pedestrian crash data. Chi-
squared test was used to select a Poisson or negative
binomial distribution. The results are presented in
Tables 2 and 3. According to Table 2, the estimated
chi-squared estimates for fitting the Poisson
distribution to pedestrian crash data were 9.3735,
and is less than Xfc,k_p_1=18-307 so the hypothesis

of choosing Poisson distribution hasn't been rejected

Table 1. Frequency analysis of research data in Tehran 11th distinct

Variable name Description Mean SD. Max. Min.
Dependent variable
PVC Pedestrian Vehicle crashes frequencies 5.94 4.48 17.00 0.00
Land use
LC Presence commercial areas =1, otherwise =0 0.76 0.43 1.00 0.00
LR Presence residential areas =1, otherwise =0 0.71 0.45 1.00 0.00
LE Presence educational areas =1, otherwise =0 0.32 0.47 1.00 0.00
Transit characteristics
M Number of metro stations up to 400 meters 0.23 0.53 2.00 0.00
B Number of bus stations up to 100 meters 1.19 1.14 4.00 0.00
MB Number of bus and metro stations up to 200 157 134 5.00 0.00
meters
Traffic variables
VT Average daily traffic volume 32391.70 15622.50 90568.00 8520.00
Ln(VT) Ln (Average daily traffic volume) 10.91 0.53 1141 9.05
VP 3-hour pedestrian volumes at pedestrian peak hour ~ 1819.33 125253  6470.00  390.00
Ln(VP) Ln (Average pedestrian volume) 7.29 0.65 8.77 5.97
Intersection geometric design and traffic control variables
N, Number of entry and outlet lanes to the 13.97 433 32.00 8.00

intersection

International Journal of Transportation Engineering, 304
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S Presence of exclusive lanes =1, otherwise =0 0.56 0.49 1.00 0.00
Deont Control type (signalized =1, uncontrolled =0) 0.32 0.48 1.00 0.00
Drc Sequence (rr;z?)i,nr-nn;?;r_lszzgnsg;:;);gzir)y-secondary 0.40 0.49 1.00 0.00
Wew Average width of sidewalk (Meter) 2.72 0.53 5.10 1.90

E Percentage of sidewalk utilization 0.15 0.07 30.00 0.00
EW sidewalk effective width(EW=Wcw — E*Wcw) 2.40 0.48 3.40 1.90

According to table 3, the chi-square estimated for
negative binomial distribution fitted to pedestrian
crashes data were 4.6445 and is less than
X&x-p—1=16.919 with a confidence level of 95%.
results show that the hypothesis that the
distribution of crash data follows a negative
binomial  distribution has not rejected.
Considering that in both chi-square tests for the
fitting of the negative binomial and Poisson
distribution, the assumption of the distribution of
Poisson and negative binomials weren't rejected,
so the distribution with the minimum calculated
value of chi-square was selected as the
appropriate distribution. Therefore, the negative
binomial distribution is chosen for the frequency
of pedestrian crash data.

4.3 Model Calibrations

To identify effective variables in pedestrian
crashes, the negative binomial model has been
used. After calibration of many models, it was
found that among the 18 variables in Table 1,

some of them such as average pedestrian
volumes, average vehicle volumes, number of bus
and railway (Metro) stations, number of lanes at
intersection, entry and outlet street sequence to
intersection, average sidewalk width, land use in
vicinity of intersections and traffic control type at
intersections have a significant relationship with
the dependent variable and multicollinearity issue
doesn't exist between significant independent
variables. The backward elimination method has
been used for model calibrations. In this method,
first all variables were entered into the equation
and then sequentially removed in order to
improve significant of variables. The significance
level was considered to be 0.1, indicating a
moderate level in the selection of independent
variables.  Calibration process has been
summarized in table 4.

In order to choose the most appropriate model,
some controls such as the significance of
parameters, a logical sign of parameters, R* and
predicted R? have been done and model 5 has
been chosen as the most suitable model.
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Table 2. Chi-squared test for fitting Poisson distribution to the pedestrian crash data

Probability of F(y)

Dependent (foy) - f (}’))2

Nu . Frequency Relative frequency with Poisson (F(py)-f(y))?
variable (PVC) distribution 2
1 1 8 0.11429 0.0024 0.0125 5.1174
2 2 9 0.12857 0.0442 0.0071 0.1610
3 4 13 0.18571 0.1332 0.0028 0.0207
4 5 8 0.11429 0.1602 0.0021 0.0132
5 6 5 0.07143 0.1606 0.0080 0.0495
6 7 5 0.07143 0.1380 0.0044 0.0321
7 8 6 0.08571 0.1037 0.0003 0.0031
8 10 7 0.10000 0.0417 0.0034 0.0816
9 13 5 0.07143 0.0053 0.0044 0.8279
10 15 2 0.02857 0.0009 0.0008 0.8407
11 16 1 0.01429 0.0003 0.0002 0.5683
12 17 1 0.01429 0.0001 0.0002 1.6579
Total 70 100 9.3735
Table 3. Chi-squared test for fitting negative binomial distribution to the pedestrian crash data
Dependent . Probability of F(y) 2
Num. variable Frequency ereeljgxs with negative (f(py)-f(y))? M
(PVC) AUeNY" binomial distribution f»

1 0 8 0.11429 0.0169 0.0095 0.5590

2 3 9 0.12857 0.0181 0.0122 0.6721

3 4 13 0.18571 0.0226 0.0266 1.1759

4 5 8 0.11429 0.0169 0.0095 0.5590

5 6 5 0.07143 0.0130 0.0034 0.2625

6 7 5 0.07143 0.0130 0.0034 0.2625

7 8 6 0.08571 0.0144 0.0051 0.3533

8 10 7 0.10000 0.0157 0.0071 0.4525

9 13 5 0.07143 0.0130 0.0034 0.2625

10 15 2 0.02857 0.0078 0.0004 0.0547

11 16 1 0.01429 0.0053 0.0001 0.0153

12 17 1 0.01429 0.0053 0.0001 0.0153

Total 70 100 4.6445
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Table 4. Negative binomial models for predicting pedestrian crashes at intersections in Tehran's 11th district

Model No.
Variable ! 2 3 4 > 6
LC 074 0.621°* 0.398* 0.443 0451+ 0.425
LR 0.284 0.311
LE 0.095* 0.109* 0.07 0.023
MB 0.154%%  0.167* 0.143%%  0.126%*  0134**  0.131**
NL -0.084%%*%  _0077**  -0065%*  -0.06%%  -0.055%%  -0.042%*
s 0.092 0.113 0.097 0.102
Drc 0.408%* 0.315* 0.228 0.125* 0.257* 0.201%*
Deont 0.234 0.163 0.217
EW L0275%%  -0.333** -0.214* -0.181* -0.161*
Ln(VT) 0.55%* 0.551%* 0.574%%  0597%%  0.607**  0.551%*
Ln(VP) 0.38%* 0.273%* 0.251% 0.269%* 0.261* 0.263*
E -1.829
c -6.008%*  -5372%%  _53g5%*  .5703%%  _5QI1%*  .58Q3%x
R2 0.787 0.751 0.731 0.717 0.693 0.659
Predicted R? 0.611 0.563 0.542 0.511 0.538 0.505
(Eq. 12)

Note: *** ** * denote Significance at 1%, 5%, 10% level.

4.4 Model VValidation Table 5. Summarization of predicted and observed
crashes

Validating is the most important step in modeling. Mean  Standard  Standard

In order to model validation, T-Test was used for deviation error

a paired sample. For this purpose, some of the Predicted  4.433 2.529 0.653

intersections that didn't contribute in modeling Observed  4.267 2.631 0.679

process were considered. According to Model 5,

the number of pedestrian crashes occurred at 5. Discussion

intersections were predicted. T-Test was used for
a paired sample to compare the difference
between the number of predicted and observed
crashes. This test was performed using SPSS
software. The results presented in Tables 5 and 6.
In order to validation, 5% confidence level was
considered. Therefore, according to the P-value
reported in Table 6, it can be concluded that the
model has the required validity. Scaled Deviance
and Scaled Pearson Chi-Square of model 5 were
1.234 and 1.089 which both of them are larger
than one which indicates overdispersion and
confirms using negative binomial model.

Based on the results, it was found that Model No.
5 is a suitable model for predicting pedestrian
crashes in Region 11. Details of this model are
shown in Table 7.

In the final proposed model, since the correlation
of Ln(VT) is larger than VT with the independent
variable, and it's impossible to use both of them
simultaneously (due to the Multicollinearity), the
Ln(VT) was used. The Ln(VT) and Ln(PT) is
significant with a positive sign, which indicates
that as the volume of pedestrians and vehicles
increase, the probability of crashes at
intersections will increase, in other words, the
safety level of intersections will decrease. One of
the factors affecting pedestrian crashes is
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Table 7. Final proposed model for prediction of pedestrian crashes

Variables Coefficient Standard error Z P>|z| ARF
LC 0.451 0.217 2.080 0.037 56.99
Ln (VT) 0.607 0.196 3.096 0.002 83.49
Ln (VP) 0.261 0.134 1.948 0.051 29.82
EW -0.161 0.099 -1.613 0.104 -14.87
MB 0.134 0.064 2.112 0.035 14.34
NL -0.055 0.019 -2.788 0.005 -5.35
Drc 0.258 0.141 1.825 0.068 29.43
Constant -5.911 1.864 -3.172 0.002 -
0.000 Prob > y? Likelihood ratio y2 = 127.36

surrounding land use that has a positive sign,
which indicates that pedestrian crashes are more
likely to occur in commercial land uses like CBD.
Number of metro and bus stations in vicinity of
the intersection have been significant with a
positive sign which indicates that by increasing
number of metro and bus stations in vicinity of the
intersections, the volume of pedestrians will
increase and causes a reduction in pedestrian
precision and ignore the safety principles when
crossing the street.
Table 6. t-student results

t-test DOF p-value Result

0.617 14 0.512 validate

One of the important variables in increasing the
safety of pedestrians is to increase the effective
width of sidewalks. The presence of hawkers,
motorcycle parks in sidewalks and occupation of
sidewalks by shops reduce the width of sidewalks
and compel pedestrians to use the carriageway
and increase the probability of crashes. In the
proposed model, this variable has a negative sign
that confirms the significance of the variable.

In our case study, due to the old texture of streets,
especially in the southern regions, high density of
shopping centers and the lack of suitable systems
for goods transportation, Odd and Even and
traffic restriction zones has reduced the car
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volumes and in the absence of proper supervision,
motorcycle  volumes  with commercial
applications have been increased which leads to
increasing the probability of pedestrian crashes.
Therefore, the number of entry and outlet lanes in
the model is consistent with the above
description.

At the intersections of the main streets, due to
increase in the volume of vehicles and vehicle
speeds, the risk of pedestrian crashes increases as
the sign of this variable in the proposed model
reflects this claim.

5.1 Prioritization results based on crash
prediction model

Prioritization of intersections in Region 11 is
illustrated in Figure 6. Based on the model,
intersections 37, 29 and 21 have the most
potential for improvement, respectively, with a
potential improvement of 6.93, 4.31, and 3.68.
According to Figure 6, it can be concluded that
the intersection of 37 (Valiasr- Emam Khomeini)
with features such as being in a commercial area
and an old texture with narrow sidewalks, high car
and pedestrian volumes, proximity to the bus
stations and the lack of facilities to improve the
safety of pedestrians has the greatest potential for
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Figure 6. The potential for improvement of intersections based on prediction of pedestrian crashes

method

improvement. Figure 6 also shows that the
intersection of 9 (Enghelab-Valiasr) with features
such as being in a commercial area with relatively
wider sidewalks, high car and pedestrian
volumes, proximity to the bus and metro stations
has the least potential for improvement, which
can be attributed to the development of
underground walkways for pedestrians in this
place.

6. Conclusions

In this research, the factors affecting pedestrian
crashes have been investigated and a negative
binomial model was used to estimate the
frequency of pedestrian crashes based on
effective factors. The most important results of
this research are the following:

o Increasing pedestrian volumes, especially in the
central areas such as CBD with worn-out texture
and narrow sidewalks lead to using street and
increase the probability of pedestrian crash. In
the proposed model, the natural logarithm of the
average pedestrian volume is significant with a

positive sign, which indicates as the pedestrian
volumes increase, pedestrian crash frequencies
will increase at intersections. Based on crash
reduction factor, one-unit increase in natural
logarithm of average pedestrian volume will
increase the crash frequencies by 29.82% while
the other variables remain constant.

In central areas with mostly commercial land
uses, along with the application of traffic
restriction plans (restriction and Odd-Even
zones) and the lack of proper transportation
systems lead to increasing in the number of
motorcycles. In the proposed model, the natural
logarithm of average vehicle volume is
significant with a positive sign, which indicates
that as wvehicle volumes increased, the
pedestrian crash frequencies increase at
intersections. Based on the crash reduction
factor, one-unit increase in the natural logarithm
of average vehicle volume will increase the
crash frequencies by 83.49% while the other
variables remain constant.
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¢ One of the factors affecting pedestrian crashes
is surrounding land use which in the proposed
model has been significant with a positive sign
which indicates that pedestrian crash is more
likely to occur in commercial land uses.
according to the proposed model, pedestrian
crash probability in areas with commercial
land use is more likely than other land uses.
Based on the crash reduction factor, one-unit
increase in the density of central business
distinct will increase the crash frequencies by
56.99% while the other variables remain
constant.

In the proposed model, the number of metro
and bus stations variable has a positive sign.
The existence of metro and bus stations in
vicinity of the intersection leads to increase in
the volume of pedestrians, reduce pedestrian
precision and ignore the safety principles
when crossing the street. One-unit increase in
the number of public transport stations will
increase the frequency of pedestrian crashes at
intersections by 14.34% while the other
variables remain constant.

One of the important parameters in increasing
the safety of pedestrians is to increase the
effective width of sidewalks. The presence of
hawkers, park of motorcycles on sidewalks
and capture of walkways by shops, compel
pedestrians to use the street and increase the
probability of crashes. In the proposed model,
this variable was significant with a negative
sign, indicating that by one-unit increase in the
effective width of sidewalks, the probability of
pedestrian crashes at intersections will
reduced by 14.87% while the other variables
remain constant.

According to the proposed model, the
probability of pedestrian crashes increases due
to high vehicle volumes and high vehicle

International Journal of Transportation Engineering, 310
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speeds at the intersections of main streets and
the sign of this variable in the proposed model
reflects this claim.

The results of the prioritization based on the
prediction model show that the intersection of
Imam Khomeini-ValiAsr with the potential
for improvement of 6.93 has the highest
potential for improvement and the Enghelab-
Valiasr intersection with an improvement
potential of -8.97 has the least potential for
improvement.

Some factors affect the safety of pedestrians
such as sidewalks in most commercial areas in
the city center with a large pedestrian volumes
and presence of hawkers, occupation of
sidewalks by shops, forcing pedestrians to use
the street and thus increase the probability of
crashes.
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