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Motorcycle is a popular mode of transportation in many developing countries, including Pakistan. Since the last decade, the
registered number of motorcycles in Pakistan has increased by six times, constituting 74% of the total registered vehicles.
However, limited research efforts have been made to investigate motorcycle-related safety issues in Pakistan. +us, the rela-
tionship between potential risk factors and injury outcomes of motorcycle crashes is still unclear in the country. +is study,
therefore, established a random parameter logit model to examine the factors associated with the motorcycle injury severity. +e
analysis is based on two years (2014–2015) of data collected through the road traffic injuries surveillance system from Karachi city,
Pakistan. +e results indicate that the summer season, weekends, nighttime, elderly riders, heavy vehicle, and single-vehicle
collisions are positively associated with fatalities, while the presence of pillion passengers and motorcycle-to-motorcycle crashes
are negatively associated with fatalities. More importantly, in the specific context of Pakistan, morning hours, young riders, and
female pillion passengers whose clothes stuck in the wheel significantly increase the fatal injury outcomes. Based on the findings,
potential countermeasures to improve motorcycle safety are discussed, such as strict enforcement to control motorcyclists' risky
behavior and speeding, provision of exclusive motorcycles lanes, and education of female pillion passengers. +e findings from
this study would increase awareness of motorcycle safety and can be used by the policymakers to enhance road safety in Pakistan,
as well as in other developing countries with similar situations.

1. Introduction

Road traffic crashes account for more than 1.35 million
fatalities each year, and almost half of these fatalities are
among the vulnerable road users: motorcyclists (28%), pe-
destrians (23%), and bicyclists (3%) [1]. Among the vul-
nerable road users, motorcyclists are inherently susceptible
to more injuries than car occupants due to the lack of
protection [2–4]. For instance, motorcyclist’s fatality rate is
28 times higher than that of car occupants [5].

In many developing countries, including Pakistan,
motorcycle crashes are a major safety challenge due to the
rapid motorization [6]. Over the last decade, Pakistan has
witnessed a substantial increase (268%) in the registered
motorized vehicles, especially in the motorcycles (613%).
According to a 2018 statistics, motorcycles constitute nearly
74% of the total registered vehicles in Pakistan [7].

Nevertheless, the general road and traffic safety conditions in
Pakistan, like other developing countries, are not satisfac-
tory. +us, the rapid increase in motorcycles combined with
inadequate road safety conditions has led to increased
motorcycle crashes. For example, in the biggest city (Kar-
achi) of Pakistan, motorcyclists are involved in almost 45%
of the total road crashes [8].

Despite the pressing safety issues brought by motorcy-
cles, the existing literature in Pakistan regarding motorcycle
safety is limited. Most of the studies [9–13] have focused on
the helmet use and laws, while only Waseem et al. [14]
carried out the injury severity analysis. +us, more country-
specific studies are required to understand the effect of
various factors (traffic, road, environment, and rider) on the
occurrence of motorcycle crashes. Apart from that, in
Pakistan, guidelines are available to implement a partial
motorcycle safety system. However, these guidelines are
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evolved in the developed countries where the main com-
ponents (roads, vehicles, and drivers) of the transportation
system are entirely different from those in Pakistan. For
instance, mixed traffic comprising fast- and slow-moving
vehicles, congested lanes, and non-compliance with traffic
rules and safety are common in Pakistan. Specifically,
motorcycle-related safety problems such as speeding, un-
derage riding, red-light running, riding without helmets, and
lenient policy enforcement are some of the examples
[9–11, 15]. Another fact is that, in the US, Canada, and
Europe, motorcycle is used for leisure and touring purposes
[3], while in Pakistan, due to lower purchasing costs, con-
venient parking, and absence of adequate public trans-
portation, motorcycles become an essential means to
perform various social and economic activities for many
low- and middle-income families. +erefore, it is expected
that the motorcyclists' injury severities risk factors in
Pakistan may likely to vary from those in the developed
countries.

+e present study attempted to narrow the existing
research gap about the motorcyclists' injury severity analysis
in Pakistan. Based on the data collected from the most
populous city in Pakistan—Karachi, a random parameter
model is employed to estimate the significant factors for
injury severity of motorcycle crashes. Furthermore, various
safety specific countermeasures are suggested based on the
research findings to improve motorcycle safety in Pakistan.

2. Literature Review

Research efforts have been made to explore the various key
factors associated with the injury severity of motorcycle
crashes. Among the motorcyclists' specific characteristics,
the riders’ age is an important factor that affects the severity
of motorcycle crashes. Young and inexperienced riders tend
to take risky behaviors that increase the risk of being in-
volved in a crash [16–18], while older motorcyclists are
involved in fatal crashes due to their slower reaction and
perception time and decreased physical resiliency [19–22].
Apart from the age of the rider, driving experience also
significantly affects the motorcycle crash outcomes. Lin and
Kraus [23] summarized that novice riders are associated
with a higher risk of motorcycle crashes and injuries.

Various behaviors, such as non-helmet use, and
speeding, can significantly increase the severity outcome of a
crash. For example, studies [21, 24, 25] concluded that non-
helmet riders suffer more head injuries, which result in fatal
crash outcomes compared to the helmeted riders. Vlaho-
gianni et al. [26] and Lin and Kraus [23] also summarized
that enforcement of helmet use laws can significantly im-
prove the motorcycle safety. Similarly, studies [21, 23, 25, 27]
have shown that speeding substantially contributes to higher
fatal crash outcomes. +is could be attributed to the diffi-
culty associated with higher speeds in braking and per-
forming other safety maneuvers in hazardous situations.

Motorcycle collisions with heavier vehicles increase the
risk of severe injury outcomes [17, 20, 28]. +is could be due
to the larger momentum of heavy vehicles and less atten-
tiveness of their drivers towards motorcyclists. Motorcycles

with heavy engines have greater performance that gives less
reaction time to the riders in the event of a collision, thus,
increasing the likelihood of fatal or injury outcomes [20, 29].
Past studies [17, 20, 21] have shown that motorcycle colli-
sions with fixed objects result in more fatal injuries.

In addition to the above, geometric characteristics, road
surface, lighting, and visibility conditions actively contribute
to the motorcycle crashes. Regarding the geometric char-
acteristics, Schneider and Savolainen [30] have found that
horizontal curves, shoulders width, and longitudinal slopes
are responsible for increased motorcycle injury severity.
Studies [18, 21] suggested that pavement friction, patches,
loose materials, potholes, poor road markings, and wet road
surfaces have been associated with severe injury outcomes.
Savolainen and Mannering [21] concluded that poor visi-
bility due to curves, slopes, or insufficient lighting results in
more severe injuries. Moreover, without sufficient street
lighting, riding at nighttime significantly increases the risk of
severe injury outcomes [19, 28].

3. Data Description

+e present study is based on the dataset collected from
Karachi, the largest city of Pakistan [7], where motor-
cycles account for two-thirds of the total registered ve-
hicles [8]. +e motorcycle crash data were obtained from
the road traffic injury surveillance system under the road
traffic injury research project established in five high-
volume emergency departments, namely, Abbasi Shaheed
Hospital, Aga Khan University Hospital, Civil Hospital
Karachi, Jinnah Post-Graduate Medical Centre, and
Liaquat National Hospital from January 1st, 2014, to
December 31st, 2015. +e locations of the medical centers
are shown in Figure 1. Previous studies [8, 31] have
shown that the selected centers receive half to three-
fourths of the total road crashes in the city.

+e final dataset consists of a total of 28,894 motorcycle
crashes. In this study, based on the information obtained
from the surveillance system, crash severity is divided into
two categories: fatal and non-fatal crashes. Of the selected
crashes, only 1.5% were fatal, while the remaining were
non-fatal crashes. +e dataset contains various information
of a traffic crash such as the demographic characteristics of
the casualties, type of vehicles involved in crashes, cause of
the crash, collision types, time and location of the crash.
Table 1 shows the descriptive statistics of the variables.

+e descriptive analysis of the data showed that most of
the victims were motorcycle riders (90.24%). Male victims
account for 85.37% of the total crashes, since in Pakistan,
generally, males ride motorcycles as riders while females as
pillion passengers due to the social and cultural constraints.
+e frequency of motorcycle crashes was relatively higher
during weekdays (70.20%) and in the summer season
(27.11%). During off-peak hours, the proportion of crashes
was 68.70%. Pedestrian collisions constitute a significant
proportion of crashes (56.12%) followed by motorcycle col-
lisions (31.30%). +e frequency of crashes involving young
riders (48.55%) was the highest compared to other age groups.
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4. Methodological Background

Various methods have been employed for the motorcyclists'
injury severity analysis in the past. For instance, Lin et al.
[17] used the proportional odds model to evaluate the injury
severity of motorcycle crashes. Pai and Saleh [28] applied an
ordered probit model to identify different factors that can
affect the severity of crash injuries of motorcyclists. Haque
et al. [18] developed a binary logit model to examine the
factors affecting motorcycle crashes. Geedipally et al. [32]
utilized a multinomial logit model to estimate the factors
contributing to the motorcycle injury severity. Shaheed and
Gkritza [25] estimated a latent class model to evaluate the
risk factors associated with the injury severity of single-
vehicle motorcycle crashes.

However, the traditional discrete choice models (binary,
ordered logit, and probit models) have several limitations.
First, these models consider the effect of the coefficients to be
fixed across all crash observations. Second, some factors that
influence crash severity are nearly impossible to be observed
or collected. If these factors (unobserved heterogeneity) are
considered with the observed ones, it may lead to biased
inferences [33].+is issue can be addressed by estimating the
random-parameter models, which allow the parameters’
effect to vary across all crash observations. +erefore, several
studies have recently employed the random parameter
models to investigate motorcycle crash injury severities
[24, 34–37].

In the present study, the available crash data include a
large number of explanatory variables.+ese variables can be
used directly, transformed, or interacted with other ex-
planatory variables in the model estimation. However, we
noted the unavailability of certain important factors in the

data, such as the rider characteristics (e.g., helmet and
clothes color), motorcycle-related factors (e.g., motorcycle
mechanical condition, color, and type), traffic conditions
(e.g., speed of the colliding vehicles and traffic volume), and
riders’ risk perception (e.g., aggressive, and risk-taking
behavior). +is may induce unobserved heterogeneity when
establishing injury severity models. +erefore, to solve this
problem, the present study will develop a random parameter
model to analyze factors contributing to the injury severity
of motorcycle crashes in Pakistan.

+e dependent variable (i.e., injury severity) in this study
is dichotomous with the response of interest as fatal crashes
and non-fatal crashes. +erefore, binary logit models (fixed
and random parameter) were estimated to explore the injury
severity of motorcycle crashes in Pakistan. +e models are
formulated as follows.

+e logit link function is as follows:

Yi ∼ binomial pi, n( 􏼁,

log it pi( 􏼁 � log
pi

1 − pi

􏼠 􏼡 � βo + 􏽘
K

k�1
βkXik,

(1)

where pi denotes the probability of Yi � 1 (fatal outcome)
and 1 − pi is the probability of Yi � 0 (non-fatal outcome),
Xik is the kth independent variable (k � 1, 2, . . . , K), βo is the
model constant, and βk are the parameter estimates for kth
independent variable.

+e above-mentioned basic model assumes that each
variable has a fixed effect across the crash observations. +e
effects of possible unobserved heterogeneity on the crash
severity are ignored. Hence, the random parameter models
are introduced that allow the explanatory variables to vary

Figure 1: Location information of the medical centers.
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individually [33, 38, 39]. +e formulation of the random
parameter βik is as follows:

βik � βk + φik, (2)

where φik is a randomly distributed term, for instance, a
normally distributed term with a mean of zero and variance
of σ2k. +e proposed random parameter logit model is es-
timated in the NLOGIT5 software on the basis of the
maximum likelihood approach via 200 Halton draws [40].
Moreover, a significance level of 10% was used to assess
whether a parameter is considered random or fixed.

5. Results

In order to avoid the existence of highly correlated variables,
first, using the variance inflation factor (VIF), a correlation
test was performed. +e results indicated that the VIF has a
maximum value of 2.54 for the age groups, 24–40 and 41–54,
implying no strong multicollinearity exists among the in-
dependent variables in the data. To ensure that every added

variable substantially enhances the model’s overall effi-
ciency, the log-likelihood ratio test was used. Different
random parameter density functions, such as lognormal,
normal, uniform, and triangular distributions, were evalu-
ated. It was found that, compared to the other density
functions, the normal distribution is statistically superior.
+us, it was selected to fit the random parameter model.
Also, for comparison with the random parameter model, a
fixed parameter binary logit model was developed.

Table 2 shows the overall goodness-of-fit for the esti-
mated models. Results indicated that the random parameter
model outperforms the fixed parameter model. Regarding
the Akaike information criterion (AIC), the random pa-
rameter model (4302.107) has a lower value than the fixed
parameter model (4317.223). Noticeably, while the perfor-
mance of the random parameter model was comparable in
terms of the AIC to that of the fixed parameter model, the
likelihood ratio test revealed that the random parameter
model at 95% confidence level was statistically superior, with
a p value of 0.001. Also, the presence of the four random
variables showed that the random parameter model had

Table 1: Descriptive statistics of variables.

Variable Description Frequency Percentage

Injury severity Non-fatal 28460 98.50
Fatal 434 1.50

Season

Spring 6681 23.12
Summer 7833 27.11
Autumn 6734 23.31
Winter 7646 26.46

Day of week Weekends 8610 29.80
Weekdays 20284 70.20

Time of day

Morning (06 : 00–08 : 59) 1473 5.10
Noon (09 : 00–11 : 59) 4550 15.75

Afternoon (11 : 59–14 : 59) 5469 18.93
Early evening (15 : 00–17 : 59) 6042 20.90
Late evening (18 : 00–20 : 59) 5955 20.61

Night (20 : 59–05 : 59) 5405 18.71

Peak/Off-peak Peak 9044 31.30
Off-peak 19850 68.70

Collision type Single vehicle 16152 55.90
Multivehicle 12742 44.10

Collision vehicle

Bicycle 56 0.44
Motorcycle 3988 31.30

Passenger vehicle 956 7.50
Heavy vehicle 242 1.90
Pedestrian 7151 56.12
Other 349 2.74

Pillion passenger Present 2820 9.76
Not present 26074 90.24

Female pillion passenger cloth stuck in wheel Yes 813 2.81
No 28081 97.19

Gender Male 24668 85.37
Female 4226 14.63

Age

≤24 14027 48.55
25–40 9914 34.31
41–54 3262 11.29
≥55 1691 5.85
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captured the heterogeneous effects of the risk factors, which
result in better parameter estimates. +erefore, the following
section presents the parameter estimation results obtained
from the random parameter model.

Table 3 shows the estimation results of the random
parameter model and the corresponding odds ratios. Spe-
cifically, crashes in summer (odds ratio = 1.220), on week-
ends (1.155), during morning hours (4.594), nighttime
(1.220), riders aged less than or equal to twenty-four years
(1.329), and aged fifty-five years or older (2.670), female
pillion passenger whose clothes stuck in the wheel (1.679),
collisions with heavy vehicle (2.391), and single-vehicle
crashes (1.488) all indicated a higher risk of crash severity. In
contrast, crashes involving pillion passenger (0.115), and
collisions with motorcycles (0.313) are associated with a
lower risk of fatal crashes. In addition, the effects of factors
including morning hours, collision with a motorcycle,
crashes involving pillion passenger, and drivers aged fifty-
five years or above on crash severity tended to vary across all
crash observations. +e distributions of the random pa-
rameters are shown in Figure 2.

6. Discussion

6.1.TemporalCharacteristics. Regarding the day of the week,
crashes occurring on weekends are more fatal than those on
weekdays. +e high probability of fatal crashes on weekends
in Pakistan is not surprising as on weekends, due to holidays,
the young motorcyclists usually hang out. Consequently,
they are involved in different risky behaviors, including
speeding, drifting, one-wheeling competitions, and rash
driving on the already congested roads. Descriptive statistics
of the data also showed that young riders constitute almost
50% of the total fatal crashes on weekends. Similar results
were concluded by studies from other developing countries
[41–43].

Crashes occurring during the summer increase the
probability of fatal injury outcomes. It is because the study
area (Karachi city) has a subtropical climate with bright
sunshine in the summer season, which results in significant
visual impairment. In addition, the summer season is as-
sociated with lower helmet use due to the thermal dis-
comfort, which in turn increases the risk of fatal crashes
[44, 45]. Moreover, the monsoon season in Karachi city is at
its peak during the summer season; thus, the poor road
surface conditions such as potholes, uneven surfaces, and

poor drainage substantially increase the likelihood of fatal
crashes.

+e study found that crashes occurring during morning
hours (06 : 00–08 : 59) result in fatal injury outcomes. +is
could be due to the fact that, in the early morning hours,
motorcyclists leaving for work or schools are involved in
speeding and other risky riding behaviors. +e morning
variable is normally distributed with a mean of 1.525 and a
standard deviation of 2.884, and it increases the probability
of fatal crashes by 70.15%. Motorcyclists were more likely to
sustain fatal injuries in crashes occurring during nighttime
(20 : 59–05 : 59). +e reasons for the significantly high
number of fatal crashes during nighttime are poor visibility

Table 2: Goodness-of-fit measures for fixed and random parameter models.

Model Fixed parameter model Random parameter model
Observations 28894 28894
Number of parameters 12 16
Log likelihood at zero −2256.988 −2256.988
Log likelihood at convergence −2145.611 −2134.053
AIC 4317.223 4302.107
χ2 �−2 [LL (fixed)–LL (random)] 11.558
Degree of freedom 4
p value 0.021
∗Akaike information criterion, AIC � −2 ln(L) + 2K.

Table 3: Estimation results for the random parameter model.

Variable Coefficient Odds
ratio Std. err p

Constant −3.826∗∗∗ — 1.4162 0
Environmental characteristics
Season (relative to autumn)
Summer 0.199∗∗∗ 1.220 0.079 0.011
Day of week (relative to weekday)
Weekends 0.144∗ 1.155 0.077 0.063
Time of day (relative to noon)
Morning 1.525∗∗∗ 4.594 0.694 <0.01
Std. dev. morning 2.884∗∗∗ — 0.884 <0.01
Night 0.199∗∗ 1.220 0.088 0.022
Motorcyclists’ characteristics
Age (relative to 25–40)
≤24 0.284∗∗∗ 1.329 0.101 0.005
≥55 0.982∗∗∗ 2.670 0.125 <0.01
Std. dev. ≥55 2.202∗∗∗ — 0.135 0.025
Pillion passenger (relative to no pillion passenger)
Pillion passenger −2.157∗∗∗ 0.115 0.474 <0.01
Std. dev. pillion passenger 2.730∗∗∗ — 0.302 <0.01
Female pillion passenger cloth stuck in wheel (relative to no)
Cloth stuck in wheel
(yes) 0.518∗ 1.679 0.301 0.085

Crash characteristics
Collision vehicle (relative to other)
Motorcycle −1.161∗∗∗ 0.313 0.220 <0.01
Std. dev. motorcycle 2.434∗∗∗ — 0.178 <0.01
Heavy vehicle 0.872∗∗∗ 2.391 0.189 <0.01
Single vehicle 0.397∗∗∗ 1.488 0.107 <0.01
Symbols ∗∗∗, ∗∗, and ∗ indicate significance at 1%, 5%, and 10% level,
respectively. Random parameters are highlighted using italics.
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conditions and riders’ physical and psychological fatigue due
to day-long activities. Studies [4, 28, 46, 47] also concluded
that nighttime crashes are severe due to the increased speeds
and riding without streetlamps.

6.2. Motorcyclists’ Characteristics. +e results indicated that
crashes involving young (age≤ 24) riders are more likely to
be fatal. +e high probability of fatal crashes in younger
riders in Pakistan could be attributed to their lack of ex-
perience and risky behaviors such as one-wheeling, drifting,
speeding, and ignoring traffic and safety regulations. Pre-
vious studies related to motorcycle safety in other devel-
oping countries also concluded similar findings [48, 49]. +e

present study results also showed that, compared to middle-
aged (25–40) riders, elderly riders (age≥ 55) have a higher
probability of getting fatally injured if involved in a mo-
torcycle crash. +is finding is expected since elderly riders
have deteriorating health conditions and lower perception-
reaction time in hazardous situations [21, 24, 32].+e elderly
age variable has a normally distributed coefficient
(mean = 0.982 and standard deviation = 2.202), suggesting
that, in the 67.22% crash observations, the elderly riders
increase the probability of fatal crashes (see Figure 2). +e
result is consistent with expectations as riders within the
same age groups may result in different injury outcomes due
to the difference in their driving habits, physical abilities, and
other unobserved factors [50].
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Figure 2: Plots of the estimated normal distributions of the random parameters.
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+e presence of pillion passengers decreases the likeli-
hood of sustaining fatal injuries. One possible reason is that
riders are more careful with pillion passengers as the mass of
themotorcycle increases. Also, the motorcycle is the primary
mode of transportation in Pakistan, and generally, the pillion
passenger is family or friend; thus, in their presence, the
motorcyclists tend to drive more cautiously. Several previous
studies [14, 51, 52] also concluded that a pillion passenger’s
presence lowers the likelihood of fatal crashes. +e pillion
passenger variable results in a random parameter with a
normal distribution (mean=−2.157 and standard
deviation = 2.730), indicating that 78.53% of motorcycle
crashes involving pillion passengers were less likely to result
in fatal crashes.

+e study found that crashes involving female pillion
passengers whose clothes stuck in the wheel increase the
likelihood of fatal injury outcomes. +e higher probability of
such fatal crashes is because females in Pakistan usually wear
loose clothes in the form of kameez (long shirt) over shalwar
(trouser) and long flowing burqa/abaya (overcoat). +ese
garments have a higher chance of getting stuck in the rear
wheel or chain of the motorcycles as, in Pakistan, the female
pillion passengers sit on the motorcycle in a side-saddle
manner [53], thus resulting inmore fatal injuries [54]. Previous
studies [10, 13] that examined the cloth-related injuries of
pillion passengers in Karachi city also concluded similar results.

6.3. Crash Characteristics. Regarding the vehicle type, the
study found that the motorcycle-motorcycle collision is
associated with a lower probability of fatal crashes. +is is
primarily because the riders can easily see the
approaching motorcycle, and they also have a lower
momentum [21, 41]. +e indicator variable is also nor-
mally distributed (mean = –1.161 and standard
deviation = 2.434). Given these distributional parameters,
68.33% of the distribution was less than zero, and 31.67%
of the distribution was greater than zero. +us, almost
68.33% of the collisions involving motorcycles were less
likely to lead to fatal crashes.

+e probability of a fatal injury outcome is higher in a
multi-vehicle motorcycle crash involving heavy vehicles.
+is is due to the fact that motorcycles share the same
lane with heavy vehicles as roads in Pakistan lack ex-
clusive motorcycle lanes [14]. +us, even a minor colli-
sion between the motorcycle and heavy vehicles can easily
cause severe or fatal injury to the motorcyclists. Previous
studies [42, 55] also concluded similar findings. +e study
also found that single-vehicle collisions significantly
increase the risk of fatal crash outcomes. +is might be
attributed to the riders’ lower tendency to wear helmets
and speeding (common motorcycle safety-related issues
in Pakistan). Waseem et al. [14], Jou et al. [51], and Naqvi
et al. [56] also concluded similar findings from other
developing countries.

6.4. Policy Implications. Young motorcyclists are generally
exposed to greater risk in traffic crashes than elder mo-
torcyclists. It is mainly because young riders are usually

inexperienced and tend to be involved in traffic and safety
violations, which increases the risk of injuries [57]. In
Pakistan, the phenomenon of rash driving and disobedience
of safety regulations among young motorcyclists is a sig-
nificant and common problem. Moreover, teenagers ride
motorcycles without a license, as the license in Pakistan can
only be obtained at age 18 or above. +erefore, formal rider
training, aiming to minimize the risk of motorcycle injuries
by enhancing the riding skills, should be made compulsory
in the motorcycle license program. Parental management of
teenage driving should also be promoted as it significantly
reduces motorcycle fatalities among teenage and young
riders [58].

+e study found that collisions involving heavy vehicles
increase the probability of fatal injuries. It can be minimized
through segregating the motorcyclists from the mixed traffic
by providing specific lanes for motorcycles. In this regard,
experience from another developing country (Malaysia) can
be taken, where the provision of exclusive motorcycle lanes
resulted in a 600% reduction of motorcycle-related fatalities
[59].

Clothes-related crashes of a female pillion passenger,
who wears traditional loose clothes and scarfs, is an influ-
ential factor that contributes to fatal crashes in the South
Asian countries, including Pakistan [12, 54]. In this regard,
the present study recommends that, first, public awareness
regarding injuries caused by the loose garments should be
spread. Second, females should be educated to properly wrap
their loose clothes/scarfs while riding the motorcycles.
+ird, the local motorcycle manufacturers should be asked
to design specific covers for the motorcycles’ rear wheel and
chains to minimize clothes to be stuck in the motorcycle.

Finally, other efficient preventive measures such as an
increase in helmet use, provision of streetlights to improve
the visibility on roads, periodic road maintenance, and
enforcement of speed violations can be directly adopted by
Pakistan. Apart from these interventions, legislation, edu-
cation, and public awareness campaigns are significant ways
to reduce road traffic injuries over time [60].

7. Conclusions

In Pakistan, the growing number of motorcycles raises safety
concerns. However, the corresponding research efforts to
improve motorcycle safety are scarce. +erefore, this paper
attempted to investigate the motorcyclists' injury severities
using the crash data obtained from the road traffic injuries
surveillance system, set up in Karachi, Pakistan. A random
parameter model is estimated based on 28,894 motorcycle
crashes collected from January 1st, 2014, to December 31st,
2015. Two crash injury outcomes, i.e., fatal and non-fatal,
were considered in this paper. +e risk factors consisting of
temporal characteristics, motorcyclists’ characteristics, and
crash specific characteristics were evaluated for motorcycle-
injury severity. +e results showed that, compared to the
autumn season, the summer season results in more fatal
crashes. Crashes occurring on weekends are more fatal than
those on weekdays. Early morning hours and nighttime are
associated with increased fatal injury outcomes. Crashes
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involving young and elderly riders have a higher likelihood
of fatality. Motorcycle crashes that occurred due to female
pillion passenger clothes stuck in wheel result in fatal in-
juries. Heavy vehicle and single-vehicle collisions are pos-
itively associated with fatal injury outcomes. Finally, the
possibility of fatal injuries decreases for motorcycle-mo-
torcycle crashes and the ones that involve pillion passengers.

It is necessary and desirable to import the effective
existing countermeasures from the developed countries to
reduce the motorcycle injury severities in Pakistan. How-
ever, the transportation system, traffic policies, motorcycle
purpose, and usage in Pakistan are significantly different
from those of developed countries. It is possible that if these
differences are not taken into account, the interventions may
not be effective. +erefore, it is necessary to understand the
cost, feasibility, and other potential challenges in the
implementation and successful transfer of the interventions.
Based on the findings, possible countermeasures to improve
motorcycle safety are discussed, such as strict enforcement
to control risky behavior and speeding of motorcyclists,
provision of exclusive motorcycles lanes, and education of
female pillion passengers.

Although some of the present study results are in line
with existing studies that have explored the motorcycle
injury severity, however, the present study has increased
importance as the findings are likely to generate more de-
bates and concerns in the country regarding motorcycle
safety and can be used by the policymakers to enhance road
safety in Pakistan. Finally, it should be noted that the present
study was based on two years of data collected from a
surveillance system, which has inadequacies such as un-
availability of some relevant variables and underreporting of
injury crashes. +erefore, in the future, more empirical
studies should be conducted using comprehensive data to
understand the motorcyclists’ injury severities in Pakistan.
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