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Road transport is the dominant mode of transport in Pakistan carrying 91% of the country’s passenger traffic and 96% of freight
traffic. National highways, being 3.7% of the entire road network, carry 80% of commercial traffic. Due to the high number of road
traffic crashes and resulting fatalities, a random parameters logit model was estimated to determine the risk factors that influence
the severity of injuries caused by motor vehicle crashes on national highways. +e effects of driver characteristics, crash
characteristics, highway characteristics, temporal characteristics, and environmental characteristics were considered for the
analysis. From the results, it was revealed that many factors such as overspeeding, driver dozing, driver carelessness, driver age <25
years, truck, rickshaw, single vehicle, horizontal curve, potholes, night without road lights, AM peak, Tuesday, weekdays, May,
July, November, cloudy weather, clear weather, normal visibility, and wet road surface affect injury severity of the crash victims.
+e results are expected to be useful for transport planners, traffic managers, road engineers, and other stakeholders both from
public and private sectors in prioritizing road sections for improvements and implementing suitable road safety interventions.
+is will ultimately result in the decreased social and economic burden of road traffic injuries (RTIs).

1. Introduction

Globally, around 1.35 million human lives are lost due to road
traffic crashes (RTCs) every year. Low- and middle-income
countries’ share is around 90% in these fatalities despite
having only 54% of the world’s vehicles [1]. +e rate of road
crash fatalities in Pakistan is unacceptably high which account
for approximately 25,781 fatalities per annum [2, 3]. Esti-
mated statistics have revealed that more than 50% of the
RTCs’ victims are in the age group of 15 to 44 years. For
Pakistan, the economic cost of RTCs and injuries is estimated
to be more than 100 billion rupees [4]. Compared to other
modes, road transport is overwhelmingly dominant in
Pakistan carrying 91% of the country’s passenger traffic and
96% of freight traffic [5]. About 65% of the country’s traffic
load is carried by the longest national highway-5 (N-5),
known as the lifeline of the country’s economy [6].

Despite alarming road traffic crash statistics, very
limited studies have focused on road safety issues in
Pakistan [7–14]. A few recent studies investigated injury
severity of road users including motorcyclists’ injury se-
verity in urban settings [15] and crash victims’ injury se-
verity on motorways [16]. To the author’s best apprehension
after a thorough literature review, no study has investigated
the factors influencing injury severities of motor vehicle
crashes (MVCs) on national highways of Pakistan. +e
accident studies conducted elsewhere in the world incor-
porate their indigenous roadway, traffic, environmental,
and road users’ behavioral characteristics. Results from
those studies may not be transferrable to the Pakistani
context due to significantly different roadway, traffic, en-
vironmental, and road users’ behavioral characteristics [17].
Mixed traffic, congested lanes, roadside businesses, no ac-
cess control, low level of enforcement, and aberrant
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behavior of road users are the major characteristics of road
environment in Pakistan. +us, the factors that significantly
affect the injury severities of MVCs along national highways
of Pakistan are unknown and a fundamental bottleneck in
improving road safety in Pakistan. So, it is necessary to
comprehensively understand the impact of various risk
factors contributing to the injury severities of MVCs on
national highways of Pakistan so that appropriate safety
interventions can be identified and implemented to reduce
the frequency and severity of these crashes. +e current
study investigated injury severity of MVCs on national
highways of Pakistan. Crash data for N-5 were obtained
from National Highways and Motorway Police (NH and
MP) for the development of a random parameters logit
model with the purpose to determine major contributing
factors to injury severities caused by MVCs.

2. Literature Review

From the precedent research efforts, a vast array of factors
were determined to be related to RTCs of various injury
severity levels [18–23]. Common factors revealed by the
literature as associated with increased injury severity of
RTCs are speeding [24, 25], increased driver or rider age
[26], driving under the influence of alcohol [27–30], road
alignment [26, 28], darkness [31–35], crashes involving
heavy commercial vehicles and motorcycles [18, 24, 36], and
head-on-collisions [20, 28]. Diverse modeling approaches
have been utilized by researchers in earlier studies for the
estimation of road crash injury severities. +ese methods
include artificial neural networks [37, 38], Bayesian ordered
probit [26], classification and regression tree [19, 39], log-
linear model [39], Bayesian hierarchical binomial logit [40],
Markov switching multinomial logit [41], binary logit and
binary probit [18, 42–45], mixed generalized ordered logit
[20], multinomial logit [46], nested logit [28, 47], ordered
logit, and ordered probit [38, 48, 49] models.

+ese conventional models are unable to allow variation
in explanatory variables across individual outcomes. It is the
main limitation of these models. In reality, the response of
individual outcome to an explanatory variable is different
and thus cannot be considered as fixed. Also, the injury
severity of MVCs could potentially be affected by some
unobserved factors for which the data is either impossible or
very difficult to obtain. Overpassing these factors may cause
erroneous inferences and biased estimates of parameters
[50]. To resolve the issue of unobserved heterogeneity, re-
searchers have been constantly trying to use models with
unbiased parameter estimates and accurate inferences. Such
models include latent-class models with random parameters
[51], Markov switching model with random parameters [52],
random parameters with heterogeneity in means [22, 53],
and random parameters with heterogeneity in means and
variances [15]. Mixed logit models, that is, random pa-
rameters logit models, are the most popular and frequently
used models in injury severity studies [53–55]. +ese models
are capable of capturing unobserved heterogeneity in the
crash data and discovering complex relationships between
injury severities and crash contributing factors.

3. Data Description

+e route selected for the study was the 953 km section of
N-5 (North Zone from Peshawar to Lahore and central zone
from Lahore to Rahim Yar khan Khan) as shown in Figure 1.
N-5 is an 1819 km long major arterial connecting Karachi
with the Torkham (Afghan Border). Crash information for
the examination was obtained from NH and MP Rawalpindi
office for a five years’ time frame from January 2015 to
December 2019. NH and MP is a police force responsible for
the safety and security of national highways and motorways.
It also maintains the record of RTCs by filling a crash in-
vestigation form at the site immediately after the occurrence
of the crash. For recording crash minutiae, a four-page crash
Proforma is utilized by the NH and MP which is called
Microcomputer Accident Analysis Proforma (MAAP).
MAAPs for 2023 crashes were obtained from NH and MP
Rawalpindi office. MAAP records victim and driver’s de-
mographics (age and gender), temporal details (time, date,
month, and year of the crash), environmental details
(weather and visibility characteristics), type of vehicle,
victim’s injury severity level sustained during the crash, and
the dominant crash cause. Injury levels based on severity are
classified into four categories: fatal injury, major injury,
minor injury, and no injury.

In our dataset, 2023 crashes had complete information, out
of which 122 (6.03%) were no injury, 140 (6.93%) were minor
injury (crashes in which the victims sustain injuries that are not
life-threatening like abrasions or minor cuts with little or no
bleeding), 602 (29.75%) were major injury (crashes in which at
least one of the injured persons is admitted in hospital, e.g.,
head, neck, or spinal injury and excessive bleeding), and 1159
(57.29%) were fatal injury crashes (crashes in which at least one
injured person die on the same day). It was also revealed from
the crash information statistics that themajority of the sufferers
were drivers (78.35%) contrasted with pedestrians and pas-
sengers. As female driving on national highways is very rare
due to social and cultural constraints, male victims are
dominant (92.98%) while females’ share in fatalities and in-
juries is very less (7.02%). Crashes in dry weather were much
more in numbers (92.24%) than crashes in wet weather
(7.76%).+e frequency of crashes during the daytime was high
(68.41%) as compared to the crashes during the night (31.59%).

It was noticed that RTCs frequency was higher during
the spring and summer seasons (March to August) (65.59%).
In most of the crashes (87.70%), driver age was between 25
and 50 years. Likewise, crash frequency was higher during
dry weather (60.15%) and in the off-peak period (66.74%).
+e majority of crashes occurred in urban sections (61.65%)
compared to rural sections (38.35%). +e dataset revealed
that the frequency of multivehicle collision is more (65.65%)
as compared to single-vehicle collision (34.35%). Table 1
shows descriptive statistics of variables.

4. Methodology

Following the recent works [15, 54, 55], a random parameters
(mixed) logit model was estimated considering heterogeneity
in means and variances to determine critical factors
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Figure 1: Segment of national highway-5 selected for the study.

Table 1: Descriptive statistics of variables.

Variables Percentage
Crash injury severity
No/minor/major/fatal 6.03/6.93/29.75/57.29
Month
January/February/March/April/May/June 6.26/4.41/10.43/11.22/9.14/9.39
July/August/September/October/November/December 14.68/10.73/7.99/5.16/5.38/5.21
Day
Monday/Tuesday/Wednesday/+ursday/Friday/Saturday/Sunday 16.26/11.9/11.41/13.34/14.73/17.59/14.6
Weekday/weekend 69.25/30.75
Weather conditions
Sunny/cloudy/rainy 60.15/22.85/17.00
Season
December–February (winter)/March–May (spring) 15.88/30.79
June–August (summer)/September–November (autumn) 34.80/18.53
Time of the day
12 a.m.–3 a.m./3 a.m.–6 a.m./6 a.m.–9 a.m./9 a.m.–12 p.m. 6.12/8.50/14.58/14.43
12 p.m.–3 p.m./3 p.m.–6 p.m./6 p.m.–9 p.m./9 p.m.–12 p.m. 16.36/17.30/14.33/8.35
(AM peak: 7 : 30 a.m. to 10 : 30 a.m., PM peak, 4 : 30 p.m. to 7 : 30 p.m., off-peak hours) 16.75/16.51/66.74
Driver age
<25 years/25–50 years/over 50 years 7.71/87.70/4.59
Gender
Male/female 92.98/7.02
Surface condition
Dry/wet 92.24/7.76
Light condition
Day/night 68.41/31.59
Road type
Urban/rural 61.65/38.35
Crash specification
Single vehicle/multiple vehicle 34.35/65.65
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influencing injury severity of MVCs on national highways of
Pakistan. Lack of some variables in our data set (driving
license, operating speed, and traffic condition during crash
occurrence) could potentially affect the impact of observed
variables on crash severity by inducing unobserved hetero-
geneity and may result in biased estimates of parameter and
wrong inferences [50]. +e model estimated allows variation
in mean and variance of random parameters across obser-
vations so that observation-specific variation in the effect of
independent variables may be captured in the best possible
manner [15, 55]. Crash severity function is defined as [56]

Min � βiXin + εin, (1)

whereMin determines injury severity for category i for crash
n; Xin is the explanatory variable vector, βi is the estimable
parameter vector for discrete outcome i; and εin is the error
term.

To account or unobserved heterogeneity, βi is allowed to
vary across crashes and is defined as [15, 55, 56]

βi � β + ΘiZi + σiEXP ωiWi( υi, (2)

where β represents the mean parameter estimate across all
observations and Zi and Wi are attribute vectors used for
capturing heterogeneity in the mean and standard deviation
σi, with corresponding parameter vector ωi.

+e estimable parameters vector is Θi and the distur-
bance term is υi. +e error term εin is assumed as generalized
extreme value distributed that results in model probabilities
allowing for parameters to vary across crashes and are de-
fined as [57]

Pn(i) �  βiXin f
βi

φi

 dβi

 EXP βIXin ,

(3)

where Pn(i) represents the probability of crash severity
outcome i for specified crash n and I represents set of injury
severity categories. f(β/φ) is the density function of βwith φ
referring to a vector of density function parameters. To
account for unobserved heterogeneity, β is determined
using the density function f(β/φ) [56]. +e probabilities are
estimated by drawing values of β from the density function
(f(β/φ)) for given values of f. Model estimation was done
utilizing the maximum likelihood approach and using
Halton draws. Increased effectiveness of Halton draws over
random draws is frequently cited in the literature [58].

For estimation of themodel, 500 Halton draws were used
which are enough for accurate parameter estimation as
indicated by some previous studies [56, 58, 59]. Normal
distribution was used as it provided the best statistical fit for
the functional form of parameter density function which is
also indicated by some prior studies [60, 61].

5. Results

Model estimation results are presented in Table 2, marginal
effects of the significant variables are presented in Table 3,
and goodness-of-fit of the estimated model is presented in

Table 4. Some discussion about the significant variables has
been carried out in the subsequent paragraphs.

6. Discussion

Some discussion about the significant variables has been
carried out in the succeeding paragraphs.

6.1. Driver Characteristics. Overspeeding was found to be
associated with decreased probability of no injury crashes
and increased probability of injury crashes. A similar finding
has been revealed by many studies conducted in the past
[62–64]. +e level of police enforcement on national
highways is relatively low as compared to the motorways;
that is why overspeeding by the drivers is common on these
highways. Further, the speeding penalties are low and there
is no legislation such as a demerit points system for repeat
offenders.

To reduce the number and severity of crashes, over-
speeding violations need to be reduced. +is is possible by
using behavior modification techniques to drivers based on
the theory of planned behavior [65], thorough monitoring
through speed cameras, an increase in violation penalties
and by introducing demerit points and license suspension
system.

Driver age less the 25 years was found to be associated
with an increased likelihood of minor injuries and a de-
creased likelihood of other injury categories. Being inex-
perienced and careless, there are more chances for younger
drivers to be involved in crashes, but being in healthy
condition without any deterioration of physical and mental
abilities, they can perceive the risk and cope with the sit-
uation better than the aged drivers [66, 67]. Contrarily, older
drivers, when injured in crashes, have an increased risk of
fatality [68, 69] and experience more severe injuries even in
nonfatal crashes.

Drivers’ dozing at wheel was found to be associated with
a lesser possibility of minor injury crash causation and
greater possibility of major or fatal injury crash causation.
Driving for many hours without taking any rest can lead the
driver to drowsiness. It reduces the judgment and decision-
making capabilities of the driver, thus increasing his/her
response time to cope with a certain situation. +is increases
the risk of high severity RTCs. Due to the lack of hours-of-
service regulations for commercial vehicle drivers in Paki-
stan, dozing-related crashes are common in these heavy
vehicles, which in turn is a major factor, increasing injury
severity of crashes. Dozing at wheel has been recognized as
one of the key crash risk factors in past research [10, 63, 70].

Crashes in which driver carelessness was reported as the
cause of the crash were found less likely to cause minor
injury to the victims and more like to cause injuries of other
severity levels. Carelessness of drivers may be in many forms
that mainly include either distraction or not following traffic
control. Some past studies [25, 71] also revealed that care-
lessness of drivers substantially increases the chances of
crash occurrence and the resulting injury severities.
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6.2. Vehicle Characteristics. Crashes involving rickshaws
were found to be more likely to cause no injury crashes. +is
finding is intuitive due to the relatively lesser speed and
weight characteristics of the rickshaw. Past studies revealed
that the height, weight, and size of the vehicles involved can
significantly influence the injury severity of the crash [72]. A
similar finding has been demonstrated in a previous study
done in Pakistan [16]. On the other hand, crashes involving
trucks were found significant in causing fatal injuries. Being
the vehicles with the highest momentum due to larger di-
mensions, weight, and reasonable fast speed, trucks are
logically more likely to cause fatal injuries to the victims. It
has also been revealed by some previous studies [73, 74].

6.3. Crash Characteristics. Crashes involving a single vehicle
are found more likely to cause no injury crashes. Besides
hitting a stationary object, a larger number of single-vehicle
collisions involve overturning and lateral skidding of the
vehicle, thus lesser damaging impact to the victims. A good
agreement can be found among past studies and this finding.

A past study [75] revealed that crashes due to vehicle
skidding result in slight injuries. Another study showed that
rickshaws are commonly involved in single-vehicle crashes
[76]. Past studies also showed that head-on collisions are
associated with increased injury severity [20, 77, 78] while
the same direction sideswipe crashes and rear-end collisions
result in lower injury severity crashes [79]. +us, due to
lesser impact, low momentum of small vehicles (that
probably constitute the higher percentage of single-vehicle
crashes), single-vehicle crashes significantly contribute to no
injury crashes.

6.4. Roadway Characteristics. Crashes that occurred on
horizontal curves are found significant for causing major
injury to the victims. It is also evident from the previous
research efforts that horizontal curves are the dangerous
road segments for both crash frequency and injury severity,
specifically curves with relatively lower radii [31, 40, 57]. +e
variable presence of potholes in the road is found to be less
likely for crashes causing major injury to the victims and

Table 2: Estimated model results for crash severity outcomes.

Variable Parameter
estimate t-stat

Fatal injury

Constant (standard error of parameter distribution) −11.57 (4.050) −3.071
(2.572)

July indicator (1 if crash occurred in the month of July, 0 otherwise) 0.60685 2.24
Weekday indicator (1 if crash occurred during weekday, tractor or truck, 0 otherwise) −0.53878 −2.82
Truck indicator (1 if truck was involved in crash, 0 otherwise) 0.52432 2.70
Night without road lights indicator (1 if crash occurred at night without road lights, 0 otherwise)
(standard error of parameter distribution) 0.93067 (1.524) 4.92 (2.849)

Major injury
Constant −0.870 −6.645
November indicator (1 if crash occurred in the month of November, 0 otherwise) 0.41588 2.31
Cloudy weather indicator (1 if crash occurred in cloudy weather, 0 otherwise) 1.02062 3.37
Curve indicator (1 if crash occurred at horizontal curve, 0 otherwise) 0.33802 2.76
Tuesday indicator (1 if crash occurred on Tuesday, 0 otherwise) 0.26790 1.80
Pothole indicator (1 if potholes were present in road, 0 otherwise) (standard error of parameter
distribution) −0.47476 (1.524) −1.73

(2.849)
Minor injury
AM peak indicator (1 if crash occurred during AM peak hours, 0 otherwise) −0.43013 −2.56
Driver dozing indicator (1 if crash cause was driver dozing, 0 otherwise) −0.70923 −2.28
Driver age <25 years indicator (1 if driver age was less than 25 years, 0 otherwise) 0.68938 3.91
Driver carelessness indicator (1 if crash was caused by driver carelessness, 0 otherwise) (standard error of
parameter distribution) −0.26214 (1.107) −2.50

(1.829)
No injury
Constant −2.651 −21.30
Overspeeding indicator (1 if crash occurred due to overspeeding, 0 otherwise) −0.80809 −1.88
Wet road surface indicator (1 if road surface was wet during crash, 0 otherwise) 0.92734 2.78
May indicator (1 if crash occurred in the month of May, 0 otherwise) −1.56146 −2.16
Rickshaw indicator (1 if rickshaw was involved in crash, 0 otherwise) 0.48651 2.40
Clear weather indicator (1 if crash occurred in clear weather, 0 otherwise) −0.55810 −2.01
Single-vehicle indicator (1 if single vehicle is involved in crash, 0 otherwise) 0.00142 2.35
Normal visibility indicator (1 if crash occurred during normal visibility conditions, 0 otherwise) −0.53013 −1.69
Model statistical fitness
McFadden pseudo-R-squared 0.27349959
Restricted log-likelihood −2804.47349
Log-likelihood at convergence −2037.46155
Akaike information criteria 4124.9
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thus more likely to cause crashes of other severities. From
the previous literature, the relationship between road surface
conditions and crash occurrence or injury severity is not
very clear [80]. A study by Li et al. [81] revealed that poor
road surface condition increases the probability of more
severe crashes compared to fair surface conditions while
very poor pavement conditions do not contribute signifi-
cantly to more severe crashes. Another study revealed that,
for pavements in poor condition, the surface condition
variable has a significant random parameter [82]. +e
presence of potholes may increase the chances of crash
occurrence as the drivers sometimes abruptly change the
lane to avoid a pothole. But, the speed of the vehicle at the
badly maintained road is usually slower than that on the
road with good ride quality. Further, on a divided highway,
the crashes are usually side collisions at less than 90° angle,
thus decreasing the chances of major injuries to the victims.

6.5. Temporal Characteristics. Crashes that occurred during
AM peak hours (07 : 30 a.m. to 10 : 00 a.m.)) were found less
likely to cause minor injury crashes and more likely to cause

major and/or fatal injury crashes. It may be due to the fact
that motor vehicle drivers tend to drive faster in the early
morning [83] striving to reach their workplaces in time and
faster speeds are associated with higher injury severity [25].
Also, the fog in the winter season prevails in some rural
sections of the selected route where traffic volume is rela-
tively less and the drivers are free to move faster which may
contribute to higher levels of injury severity. Another reason
may be that many commercial vehicle drivers drive alone for
the whole night without rest and thus, during morning
hours, their reflexes slow down due to drowsiness that leads
to the causation of higher injury crashes. Crashes involving
trucks and dozing at wheel are also significant factors in our
study. Some prior investigations also revealed the same
finding [50, 84, 85].

Crashes that occurred in the month of May are found
more likely to cause injury crashes and less likely to cause no
injury crashes. No significant evidence has been found in the
previous literature about the positive relationship between
injury severities and the month of May. +is finding may be
attributed to the medium temperature and clear weather in
the month of May that encourage people to travel more.

Table 3: Estimated marginal effects of the model.

Variable Fatal injury Major injury Minor injury No injury
Fatal injury
July indicator −0.0004 −0.0015 −0.0029 0.0048
Weekday indicator 0.0014 0.0057 0.0112 −0.0183
Truck indicator −0.0013 −0.0060 −0.0115 0.0189
Night without road lights indicator −0.0017 −0.0074 −0.0133 0.0225
Major injury
November indicator −0.0012 −0.0047 0.0069 −0.0010
Cloudy weather indicator −0.0013 −0.0038 0.0058 −0.0007
Curve indicator −0.0113 −0.0455 0.0664 −0.0097
Tuesday indicator −0.0012 −0.0046 0.0067 −0.0009
Pothole indicator 0.0005 0.0022 −0.0032 0.0005
Minor injury
AM peak indicator 0.0010 −0.0084 0.0070 0.0005
Driver dozing indicator 0.0005 −0.0039 0.0031 0.0004
Driver age< 25 years indicator −0.0012 0.0122 −0.0100 −0.0011
Driver carelessness indicator 0.0032 −0.0312 0.0251 0.0029
Wet road surface indicator∗ −0.0010 0.0075 −0.0057 −0.0007
No injury
Overspeeding −0.0023 0.0008 0.0014 0.0001
May indicator −0.0015 0.0005 0.0009 0.0001
Rickshaw indicator 0.0080 −0.0025 −0.0050 −0.0004
Clear weather indicator −0.0323 0.0102 0.0199 0.0022
Single-vehicle indicator 0.0020 −0.0006 −0.0013 −0.0001
Normal visibility indicator −0.0030 0.0010 0.0018 0.0002

Table 4: Goodness-of-fit of the competing models.

Model statistics Model with no heterogeneity in means Model with heterogeneity in means
Number of parameters 24 25
Restricted log-likelihood −2804.47349 −2804.47349
Log-likelihood at convergence −2039.10251 −2037.46155
Akaike information criteria (AIC) 4126.2 4124.9
Bayesian information criteria (BIC) 4265.23 4260.901
Number of observations 2023 2023
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Clear weather and more miles travel are frequently revealed
by the researchers as positively associated with injury se-
verity of crashes [86–88]. +e summer months of June, July,
and August are extremely hot in most areas of Pakistan,
specifically along our study route and the fact about more
miles travel in summer months in the colder regions is not
applicable to our indigenous climate.

Crashes that occurred in the month of November are
found more likely to cause major injury crashes. November
is the start of winter and so the start of fog along the route.
+e causation of major injury may be attributed to the fog
prevailing at various road segments of the selected highway
section. Previous studies also indicated that fog is associated
with severe injuries [88–90].

Crashes that occurred in the month of July are found
more likely to cause major injury crashes. It is also evident
from past studies that high atmospheric temperature is
associated with crashes of severe injuries [28]. +e same
finding was revealed by another study on motorways of
Pakistan [16]. Another study in the US showed that summer
months experience more fatal crashes, probably due to more
vehicle travel [83]. But in Pakistan, it may be attributed to
the hydroplaning phenomenon due to wet road surfaces as
the monsoon season begins in early July.

One of the unique results of our study is that crashes that
occurred on Tuesday are more likely to cause major injury.
In contrast, one of the past studies showed that Tuesday is
the safest day of the week to drive with lesser crashes and
lower injury severities [91]. +is finding may be due to the
weekly cattle markets at different locations held on road-
sides, mostly on Tuesday, which increase the traffic and
pedestrian volume. Most of the people in cattle markets are
cattle owners or buyers with no or less sense in regard to
traffic rules. +is may enhance injury severity of victims
when the crash occurs at or near such places.

+e weekday indicator is found less likely to cause fatal
injury crashes. It might be due to the lower operating speeds
of vehicles on weekdays owing to high traffic volume, re-
ducing the chances of fatal injuries to the victims. Some prior
studies also revealed the same finding [37, 92].

6.6. Environmental Characteristics. +e weather indicator
clear is another significant variable that is associated with an
increased possibility of injury crashes and decreased pos-
sibility of no injury crashes. One of the past studies indicated
that crashes that occurred during daytime and good weather
conditions are more likely to cause major or fatal injuries
[77]. Crashes that occurred in cloudy weather are found
more likely for the causation of major injury crashes. +is
may be attributed to the ideal weather condition for ag-
gressive driving that is being exhibited by the drivers. +is
result is consistent with prior investigations [40].

Crashes that occurred in normal visibility conditions are
found associated with decreased possibility of no injury
crashes and increased possibility of injury crashes as in case
of clear weather. +is finding is also evident from earlier
studies [90]. Crashes that occurred at night without road
lights are more likely to cause fatal injury crashes. Driving at

night without road lights may result in impaired hazard
perception and reaction time of the driver [80, 93, 94].
Despite driving in darkness, the low traffic volume at night
time may motivate some drivers for aberrant driving such as
speeding or traffic light violations [95]. +ese errors done by
the drivers are associated with an increased possibility of
severe injury crashes.

+e road surface condition variable wet was found as a
random significant variable. Mixed results have been
demonstrated about the wet pavement surface indicator
[96]. If the road is wet, the chances of crash occurrence are
increased due to hydroplaning. +is is consistent with past
research [97], but at the same time, cautious driving is more
likely in bad weather, decreasing the severity outcome of the
crashes [26].

7. Conclusions

+e focal point of this study was the determination of factors
influencing severities of injuries induced to the victims by
motor vehicle crashes on national highways of Pakistan. A
random parameters logit model was estimated considering
heterogeneity in means and variances. For the analysis
purpose, crash data obtained from NH and MP was utilized.
Mainly, the effect of driver demographics and behavior,
crash characteristics, roadway characteristics, and envi-
ronmental characteristics were considered for the analysis.

From the model estimation results, it was revealed that
the probability of fatal injury to the crash victims increases
when trucks are involved and when the crashes occur during
the night without road lights while the probability of fatal
injury to the crash victims decreases when the crashes occur
during weekdays. +e probability of major injury to the
victims increases when the crash occurs on a horizontal
curve, in the months of July and November, on Tuesday, and
during cloudy weather, while the probability of major injury
to the victims decreases when potholes are present in road
surface. +e probability of occurrence of minor injury to the
victims increases when young drivers (age< 25 years) are
involved in crashes and for single-vehicle crashes, while it
decreases for driver dozing at wheel, carelessness of driver,
and when crash occur during AM peak hours. Probability of
occurrence of no injury to the victims increases when a
rickshaw (motorized three-wheeler) is involved in the crash
while it decreases for crashes that are caused by over-
speeding, occurring in the month of May, occurring during
clear weather, and occurring during normal visibility
conditions.

+e eventual contribution of this study is to provide
insight for prioritizing road sections for improvements and
developing evidence based safety interventions for the
country.

In view of the above findings, various safety measures are
suggested to eliminate the injuries caused by motor vehicle
crashes on national highways of Pakistan. +ese measures
are based on the traditional 4Es (Engineering, Enforcement,
Education, and Emergency services) approach. Engineering
measures include the provision of a separate lane for heavy
commercial vehicles, ensuring a proper geometric design of
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horizontal curves, installation of road lights on dangerous
segments, and proper maintenance of roads. Enforcement
measures include speed laws enforcement, introduction and
implementation of hour of service regulations for com-
mercial vehicles, and discouraging wrong-way driving.
Education measures include road safety awareness cam-
paigns utilizing various forms of media, distributing pam-
phlets, and organizing seminars on road safety. Emergency
measures include the establishment of trauma centers along
the highways and ensuring the provision of immediate first
aid to the injured persons. Moreover, behavior modification
programs need to be introduced for drivers exhibiting ab-
errant behavior.

+e present study has some limitations. Crash data were
obtained from reports prepared by the National Highways
and Motorway Police. Despite the potential underreporting
of minor and no injury crashes [98], the data used in the
study are the only available data for crashes on national
highways in Pakistan. Moreover, crash data for only N-5 (the
longest national highway of Pakistan) were used in the study
as such data is not available for other highways. Crash data
for other highways need to be collected and used in the
injury severity analysis in future studies.
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