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Abstract

A statistical analysis was conducted for road icaticcidents and associated casualties in
Bangladesh. This was undertaken in order to atbggbolicy-makers to take appropriate steps to
reduce the road traffic accidents and the assatizsualties. District wise data (collected from
Bangladesh government publications) were exploee@dlyzed and modeled statistically. The
modeling was done by negative binomial model. Qudy considered the effect of road length
(both paved and unpaved), road infrastructure aweral socio economic characteristics on

crash frequency. A model of accident prediction degeloped with the collected data.

There are several significant findings in our reskeavork. We founded that crash frequency
increases due to the increase in paved road le@gtlthe contrary, due to increase in unpaved
road length the crash frequency decreases. Agavadtseen that crash frequency increases due
to the increase of road infrastructure. The in@eagopulation also affects the crash frequency.
It was seen that due to increase in total male latipn, the number of crashes increase. But for
the increase in female population, crash frequatexyreases. From economic point of view it
was seen that, due to the increase of active ntgdalation, number of accident reduces. While
for the increase in active female population, numiifeaccident increases. Again for several
economic stages (temporary insolvency, permaneaivency, equivalent expenses etc) it was

seen that crash frequency increases due to theasef these economic stages.
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CHAPTER ONE: INTRODUCTION

1.1 Background

According to world report on traffic injury prevémn-2004, road traffic accidents as tHeggace
(was the ¥ in 1990) of a major cause of death worldwide, wiike to become the%leading
cause of DALYs (Disability Adjusted Life Years) tasy 2020; the ?' leading cause of DALYs
lost for low and middle income countries; fatabtievill increase worldwide from 0.99-2.34
million (representing 3.4% of all deaths); fatagiwill increase on average by over 80% in low-
income and middle-income countries and declinelimpst 30% in high-income countries. Road
accidents are increasing at an alarming rate. Buesy more than 1.17 million people die in road
crashes around the world. The majority of thesethdeaabout 70% occur in developing

countries.

As a developing country, Bangladesh is not outhid situation. Road traffic accidents with
casualties are causing great concern regarding cmomcations within Bangladesh. The road
safety situation in Bangladesh has been detengyatvith rapid growth in population,
motorization, urbanization and lack of investmemtroad safety. The combination of rapid
urbanization and motorization has made the probiere severe. Roads, highways and streets
are fundamental to transportation system and o0&¢ @f passenger travel and much of goods

mover is over the highways (Sheikh, 2009).

The statistics reveal that the fatality rate oftr@eacidents in Bangladesh is very high, with about

160 deaths per 10,000 motor vehicles as comparidtie rates of 2 in the USA and 1.4 in the



UK. Together with social impact in terms of paimie§ and suffering, road accidents appear to
impose a serious economic burden on country (Hogual., 2003). The ™ International
Conference on Safe Community revealed that in Bateglh, more than 2,000 people are killed
in road accidents every year, which are about &qmex every day. According to BRTA,
Bangladesh has a fatality rate of 55 persons p@000sehicles (60/10,000; another study at The
Financial Express, July 2005). Recent figures figemsport Research Laboratory (U.K) showed
that Bangladesh’s death rate for traffic accidéntsvice of the rate that of India (another study-
33 per 1000 vehicles according to the Financialreésq July 2005) and 30 times that of
developed countries like Japan. A survey condudigdthe Accident Research Centre of
Bangladesh University of Engineering and Technolagy004 shows that more than 2,000

people die each year in road accidents (Sheik9)200

According to the official statistics, there wereledst 3334 fatalities and 3740 injuries in 4114
reported accidents in Bangladesh during 2011. dstgnated that the actual fatalities could well
be 10000-12000 each year. Significant fluctuationthe numbers of fatalities and injuries as
reported by police clearly reflect the problems reporting and recording inconsistencies
(BRTA). The number of fatalities has been increg$imom 1009 in 1982 to 3334 in 2003, nearly
3.5 times in 22 years period (Hoque, 2008). Thassizs revealed that Bangladesh has one of
the highest fatality rates in road accidents, &V deaths per 10,000 motor vehicles (Haque &
Meraz, 2005). About 70% of road accident fataliteeurred in rural areas including rural
sections of national highways; here vehicles ord reecluding motorcycle and non-motorized

vehicles (Hoque, 1998).



Road collisions are the leading cause of permaiisdbility for children in Bangladesh
accounting for about 1360 children being permaneatiiabled each year. Out of 30,000 children
(aged 0-17) killed each year from injury and 3400ldcen (aged 1-17) are killed in road
accidents, the majority of whom are from poor faesil(Zhou & Sisiopiku, 1997, Jonah, 2004).
Although no information is available regarding tioéal number of disability and its relation to

road accidents the proportion would be in the seange (Alam et al., 2012).

According to a study in Bangladesh carried out IBRLTof UK it is observed that about two

thirds of road deaths occur at the scene of theh¢ci@ane quarter take place in hospital within 30
days, and the remaining deaths occur after 30 ddgst of the seriously injured are treated at
emergency units in hospitals (74%) with another M&tting doctors, and the remaining 10%

seeing allopathic quack (TRL & Silcock, 1996).

The current road crash costing of the Roads anchwhgs Department is based on the
assumption that 49% are fatal, 19% grievous, ando¥7% mple crashes are reported (24% not
reported.). Average property damage cost (incllalesage vehicle damage cost and average
cost of the damaged goods) is Taka 55,430 for tateh, Taka 73,210 for grievous injury, and
Taka 60,620 for simple injury. Medical costs in@duthe any at-scene treatment through to
rehabilitation; and the discounted value of funexts (average cost of funeral is Taka 10,600).
For all those apart from vehicle owners, medicat€ds the largest direct cost and have the most
immediate impact on the family. Average medicaltdgsTaka 11,800 for road death, Taka

18,800 for serious injury, and Taka 1,400 for dliginjured (Jahid, 2009; Amin, 2011).

One way of improving road safety is to reduce crasburrences by implementing crash

reduction countermeasures. Another way is to rethedérequency of crashes with safer vehicle

3



and roadway designs as well as road user behawiodification programs. However, these two
methods can only be successfully applied if thevaht factors that contribute towards the
occurrence or increase the severity of crashekremen. The injury risks of individuals in traffic
crashes are influenced by a multitude of factergluding vehicle features, roadway designs and
operations, driver characteristics, type of caliis and environmental conditions. In addition to
identifying the significant factors, it is esseht@ quantify the relative magnitudes of the impact
of these factors on collision frequency and seyestt that countermeasures to prevent collisions

can be prioritized and implemented.

1.2 Objective of the Study

From the above discussions, it is clear that factefated to road infrastructure, land use and
socioeconomic and demographic features have signifiimpact on crash occurrence of those

areas. The key aims are to:

» Understand the composition of traffic accidents easuialties data.

» |dentify the magnitude of traffic accidents anduzdses.

e To examine the effect of district wise road infrasture, land use & demographic
features on crash occurrence.

e Make recommendations to improve road safety andatezh of traffic accidents and

casualties.



1.3 Scope & Significance of the Research

The study will examine the effects of district wised infrastructure, land use & demographic

features on the frequency of crashes using statistiodels. District level data has been taken as

the unit of analysis. It is expected that this gtwdll answer the following queries:

How the increasing or decreasing of roadway lemglihaffect the number of accidents.
Increasing or decreasing the length of the paveticse may affect the frequency of
crashes

Increasing or decreasing the number of structusddge and culverts) may also affect
the likelihood of crashes.

How the increase or decrease of number of peopieglin any district will affect the
incidence of road casualties.

How change in literacy rate will affect the frequgmf crashes.

Increase or decrease in household size includinge-female ratio may affect the
probability of accidents.

Increase or decrease in economic activities andniecfor may affect the number of

crashes.

1.4 Outline of Thesis

The thesis is organized into five chapters. Aftex introduction in first chapter, the other four

chapters will cover the following topics:



Chapter 2- Literature Review:
Factors associated with crash frequency explorguewious studies are reviewed in this chapter.

Important information and finding from these stdige also documented.

Chapter 3- Data and M ethodology:
Chapter three describes the sources of the datalsaskin this study as well as methodology
followed in statistical analysis. This chapter ajastifies the methodology used in this study

comparing them with the methodologies used in singtudies.

Chapter 4- Crash Frequency Models:
In this chapter, a crash frequency model will beveltgped by using the available data.
Description of model development and evaluation erplanation of significant variables for

each case study are given as well.

Chapter 5- Conclusion:
This chapter draws final conclusion based on theiffigs of different case studies in crash
frequency analysis. Some directions for future esgilon of research in this area are also

mentioned.



CHAPTER TWO: LITERATURE REVIEW

2.1: Introduction

This Chapter reviews studies related to road traficcidents and casualties mainly in
Bangladesh and also in some other countries. Thewddentifies and reports on, the findings
from studies carried out in this country as welkaglies done in abroad. The Literature review
of the thesis is divided into two main parts. Fitee key findings of various published papers on
the studies related to crash occurrences will lmensarized to help readers gain some insights
about the variables and contributing factors taubed. The discussion will provide some set of
facts for the results in this study later on. Hyak critical review is presented on the
assumptions and limitations of different statidtiozodels that are commonly used in crash

occurrence to provide the foundation for the metihagly chosen in this study.

2.2 Crash Contributing Factors

Road crashes not only claim lives and inflict iimgsrbut also create economic burden to the
society due to loss productivity. Recently, a numobg studies have been done where these
contributing factors are identified as playing impat roles in affecting the frequency of road
crashes. These studies render a deep perceptibavorrashes are affected by the contributing
factors as well as render the fundamentals for Idpugy empirical models to be used in this
study. Hoque et al., (2003) found that, in Bangid¢he principal contribution factors of

accidents are adverse roadside environment, pdailetedesign of junctions and road sections,



excessive speeding, overloading, dangerous ovegakeckless driving, carelessness of road
users, failure to obey mandatory traffic regulasiovariety of vehicle characteristics and defects
in vehicles. Others include a low level of awaranetthe safety problem by policy makers,

inadequate and unsatisfactory education, safetgsrand regulations and inadequate and

unsatisfactory traffic law enforcement and sanc{®ineikh, 2009).

Several factors related to driver, vehicle, roadsk and pedestrian characteristics have been
widely explored in many studies to determine thefiluence on crashes. Some of these factors
have been found to significantly increase crastesgvwhereas others have been found to
reduce crash severity. Therefore, this section milvide a summary of the various factor
commonly used in past studies on crash severigeta clear idea about the possible outcomes

for our empirical models.

2.2.1 Factors Related to Road I nfrastructure

Various road infrastructures related factors hadnbexplored in studies to determine their
influence on crash frequency. For example, in aytbdoque(2006) analyzed the accident
distribution of the national highways of Bangladasial found that of the total reported accidents
nearly 39% occurred in national highway .Regiorader highways & feeder roads accounted
for about 12% & 15% of accidents respectively. tbé accidents and fatalities of known

locations, the share of national highways is mughdr 56% and 61% respectively.

In another study Rab(2006) found that about 60%l fatcidents in Bangladesh occur on the

national and regional highways and, of the remairiif% occur on the feeder roads,7% on the



rural roads and 19% on the city roads. The highastber of accidents is ‘hit pedestrian’, both
in the urban and the rural areas, followed by headand rear end collisions, and then the
overturning of vehicles and often falling in sidéctes. Persons who are killed as the result of
road accidents are predominantly pedestrians amghassengers and drivers. The fatality rates
are 48% pedestrians, 37% passengers and 15% drivéssencouraging to note that despite
improved roads, higher speeds of vehicles and asereén the volume of traffic during last

several years, the country has a somewhat redtreind in road accident death rates.

Vogt (1999) provides an extensive review of thetdes; which have been considered in past
research studies in U.S.A. These factors inclugeeelization (right and left turn lane), sight
distance, intersection angle, median width, surfsickh, shoulder width, signal characteristics,
lighting, roadside condition, truck percentage he traffic volume, posted speed etc. Beside
these factors, researchers have also considerest otimor details such as surface bumps,

potholes, pavement roughness, pavement edge drepco{Graves et al., 2005).

Mountain, Fawaz & Jarrett (1996) showed in a Britssudy that the road design features- link
length relates to accident rate, especially in daatiageway. Retting, et at. (2001) studied the
affect of roundabout on the traffic accidents; &mahd that replacing signals or stop signs with
roundabouts could reduce traffic accidents. Roaslgdefactors like, the curve radii, spiral

lengths, lane width, shoulder width, and tangengtles are shown to be related the collision

frequency (Easa and Mehmood, 2008).

From the above discussions, it is clear that rodidhstructure and traffic related factors in a
country have significant impact on crash occurremead related factors that are commonly

explored in those studies are length of differgpes of roads, roadside condition, right and left
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turn lane, intersection angle, median width, landthy shoulder width, tangent lengths, spiral
lengths, curve radii, signal characteristics, ligt bumps, potholes, pavement roughness,

pavement edge drop-off etc.

2.2.2 Factors Related to Vehicle Characteristics

The types of vehicle involved in accidents werestdered in many studies as an important
contributing factor affecting crash frequency. FEorample, Hoque et al., (2006) in a study of
road accidents revealed that heavy vehicles sudhuaks and buses including minibuses are
major contributors to road accidents (bus/minib8%3trucks 27%) and in fatal accidents their
shares are 35% and 29% respectively. This groupebicles is particularly over involved in

pedestrian accidents accounting for about 68% iflingius 38%, trucks 30%). For the case of
road death, the share of buses and trucks areyrié®d (bus/minibus 36%, trucks 24%) and for

pedestrian about 72% (bus/minibus 40%, trucks 32%).

Hoque (2006) examined major fatal road accident8angladesh and found that from 2002 to
2005 at least 126 major accidents occurred causingast 612 deaths & 1857 injuries on the
highways. Fatal accidents which occurred on higlsvase likely to involve heavy vehicles,

especially buses, and are likely to involve muthicle accidents. Excessive speeding & road

and roadsides hazardous conditions multiply thersigvof accident (Hoque et al. 2006).

Hoque et al., (2006pund that, over involvement of truck and busespamicularly prevalent in
Bangladesh. Earlier studies of police reporteddestis on a section of Asian highways revealed

that trucks and buses (including minibuses) acaalifdar about 72% (truck 34%, buses 20% and

10



minibuses 18%) of the vehicles involved in accideiihis group of vehicles is particularly over
involved in pedestrian accidents accounting for u@b@9% (trucks 37%, buses 20% and

minibuses 22%). At some locations, trucks involvetiveas found to 43-50%.

Hoque et al., (2006) showed in one of its study, tihm Bangladesh on an average, of 1.44
vehicles are involved in each major fatal accid@itthe total vehicles involved, 46% are buses,
25% are trucks and 10% are Baby Taxi/ Tempos. He@hcles are involved in 71% of all
major fatal accidents. Each accident in which busesinvolved claims 23.9 casualties (5.2
fatalities and 8.7 injuries) whereas for trucksheaccident claims 18.0 casualties (5.0 fatalities
and 13.0 injuries). The study also reveals thatilo38% accidents are single vehicle and 62%
are multi vehicle types for all the highways. O tiotal multi vehicle involvement in accidents,
35% are occurred between bus and others exceft fruem critical observation it can be seen
that most of the single vehicle accidents are bject on/off road and lost control. The severity
level of single accident is high as at least 5 @essare killed and 16 persons are injured per
accident whereas in multi vehicle accident at lela6t persons are killed and 14 persons are

injured.

Hossain (2006) found in a research work in Thaildrat, motorcycles are involved in 51.22%
accidents, pickup van in 22.05% accidents, persoaaln 6.75% accidents and heavy truck in
3.51% accidents. A farther analysis reveals thatd@n have tendency of being struck by a
motorcycle (57.50%). The percentage is higher fokyp van also (24.26%). Almost 82% of the
pedestrian children who become victims of roadded are struck either by a motorcycle or by

a pickup/van.
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From the above discussion, it is clear that theckehelated factors affecting crashes include

type of vehicle, special class of vehicle, numHeraticle involved etc.

2.2.3 FactorsRelated to Driver Characteristics

A number of studies have identified the effect af/er characteristics on crash frequency. For
example, Hoque et al. (2006) found that, in Bangg&ddrivers in 26-45 years of age constitute
the most dominant group involved in accidents &eaked in the analyses of 8,500 drivers. The
overall age distributions of drivers’ involvememnt accidents: Age group 26-35, 51.8% (26-30,
24% and 31-35, 27.8%); 36-45, 27.3%; 16-25, 16.88655, 3.4%. Drivers in 26-35 years of

age from the dominant cohort in driver casualvek 48.2 percent of total driver casualties (26-
30 age group, 23.6% and 31-35 age group, 24.69%jei3rof age below 16 years (55 drivers)

are about 1.9 percent of total driver casualties.

The study also showed that, out of 8,500 driverth wecorded information, about 4,480 were
heavy vehicles’ drivers which accounted for ne&?/8% of total drivers’ involvement in the
casualties with Bus drivers (minibus inclusive)-28%uck drivers (heavy trucks, articulated
trucks and oil tankers inclusive)-24.6%, Car drsv@microbuses, jeeps and pickups inclusive)-
14.5%, Baby taxi drivers (tempos inclusive)-11.9%ckshaw pullers (push carts inclusive)-

7.7%, Motor cyclists-5.8% and Bicyclists-4.6%.

A study in India (Mishra et al., 1984) found thabtorcyclists benefited from any type of helmet
with padding, whereas a study in USA (Peek-Asalet1899) found that the non-standard

helmets used by half of all motorcyclists produosate frequent head injuries than not wearing
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a helmet at all. Among moped and motorcycle ridaesd injuries account for about 75% of
deaths in Europe (COST 327, 2001) and 55-88% inaj#h (Radin, 2002).One study

(Kulanthayan et al., 2000) found that riders withbalmets were 3 times more likely to sustain
head injuries than those with helmet. Another (8édev et al., 2003) found that helmets reduced
fatal and serious head injuries by 20-45%. Fedll ef2008) found that 52% of the offenders were
considered problem drinks, 46 were repeat offendef® were classified as hardcore drinking
drivers, 51% were drinking at a bar or restaurafioie their arrest, and 72% were drinking beer
before their arrest, analyzing data for drinkin@reftteristics of drivers arrested for driving while

intoxicated, of 1027 drivers arrested by policedmohol consumption in USA (Sheikh, 2009).

From the above discussions, it is clear that thmmaon driver related factors using in crash
frequency studies include the age of the driveretgf vehicle driving, safety adoption, whether

the driver of vehicle was drinking or intoxicatelliver’s condition etc.

2.2.4 Pedestrian Related Factors

In many studies, pedestrian characteristics wewaddo have an effect on accident frequency.
For example, Hoque (2006) found that, pedestriéorseaare involved in more than 47 percent
road accidents and 49 percent of all fatalitiesurlban areas pedestrians accounted for 52 percent
of fatalities and in Dhaka city are nearly 70 petcéAbout one third of the total pedestrian
fatalities are children under age of 16 years & age accounting for nearly 22 percent of all
fatalities in Bangladesh. Fatalities of female @¢hokdestrians are disproportionately higher than

those of the male child pedestrians (45% vs. 294)as found that road traffic accident is the
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leading cause of death in 10-14 years age coltovta$ also revealed in the study that most

economically active age group (16-45) is the hdrdisn the road traffic accidents.

Hoque et al. (2003) mentioned that for Bangladdstut 50% of the reported road accident
deaths and 17% of reported road accident injunepadestrians. Among them, the overall child
involvement in road accident fatalities in Banglsides found to be very high, accounting for
about 22%. The children pedestrian fatality rat82% and injury rate is 25%. It is important to
note that compared to industrialized countries, gfaportion of fatalities to under 15 years of
age in developing countries is approximately 20%e8 higher. Of the total child fatalities of road
accidents, nearly 82% are involved as pedestriatis thhe dominant age group of 5-10 years.
Indeed, about 1/3 of total pedestrian fatalities @rildren under the age of 15 years. The female
child pedestrians are disproportionately highemtithe male child pedestrians (44.6% vs.

28.99%).

According to Aeron-Thomas et al. (2004) that gatxounted for a larger share of total female
deaths and injuries (32%) than boys did for totalas (12%). This was consistent with the draft
findings of the Bangladesh Health and Injury Surtleat found the mortality rate for transport
injuries was much higher for girls under the agd®@than for boys (Rahman, 2003). According
to White (2002), Child passenger casualty numbeBritain are particularly high in conditions
where it is raining or snowing. Over 18% of childsgenger casualties occurred while it was

raining compared to 7% of cyclists and 9% of peatkass.
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Hossain (2006) found that, in Thailand the moshetdble group of pedestrians is the children
younger than 10 years old represented by 26.12%l gledestrian victims. In case of children

pedestrians younger than 10 year old, more than&A¥%em face accident due to motorcycles.

From the above discussion, it is clear that theephn characteristics effect crashes. Age of the

pedestrian is a very important factor which affextsh frequency.

2.3 Different Typesof Crash

‘Accident type’ is regarded as one of the primamyportance among the variables readily
studied. According to Hoque et al. (2006), in Badgsh most common accident types are hit
pedestrian(43.7%), rear end collisions (16.4%Hpxdhen collisions (13.3%), and overturning

(9.4%). These four accident types account for ye88% of the accidents, hit pedestrian

accidents account for 52.9%, followed by rear eh®%, head on 11.9% and overturning 9.8
percent. In Metropolitan Dhaka , dominant accidgpes are hit pedestrians 44.4%, rear end
collisions 29.1%, sideswipes 7.1%, and head onsocmlls 6%. As regards fatal accidents hit

pedestrian accidents account for 68.9% followedday end collisions 17.2%.

Australian model guidelines (Andreassen, 1994)uaedl to describe the movements of the road
users and vehicles involved in the accident evdmrey different types of accidents are expressed
by different codes. It is found that head on (20%,301) type accidents which accounts for 39%
of the total accidents dominate the others. Thisliswed by lost control (701,702,703,705,502)
34%, rear end (301,304,305) 16%, hit object onfoid (601,605,607,608) 7%. These four

accident type accounted for 96% of the total asu&leHit object on/off road type of accident
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represents the highest rate of about 5.0 fatalires23.5 injuries per accident. This is followed
by the lost control (about 5.34 fatalities and 1@j@ries per accident. This is followed by lost
control (about 5.34 fatalities and 19.6 injuries gecident) and head on (5.0 fatalities and 16.1

injuries per accident).

2.4 Review of Statistical Models and M ethodologies

The road accidents are influenced by several dbfacincluding vehicle characteristics, driver
behavior, pedestrian characteristics, type of siolis, road and traffic characteristics etc. It is
essential to quantify the relative magnitudes of impacts of these factors on collision
occurrence. This will help in developing and impéaTtting countermeasures to prevent collisions

or reduce collision severity.

Various studies have been done to identify thoseofa related to crash frequency as well as
crash severity. These studies use statistical raoei¢her to determine collision frequencies,
collision involvement rates, collision probabilgiend collision severities. In this section, the
assumptions as well as the limitations of commamdgd statistical models applied in crash
frequency as well as crash severity studies will digcussed. However, the details and

mathematical formulations of these models will doéydescribed in Chapter Three.
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24.1 Crash Frequency M odels

The most commonly adopted approach to correlatearaccident frequencies with geometric
and traffic factors is to use econometric or stiag$ models. These methods are popular because
of the strong association between risk factors @adhes. Researchers have been using various
statistical techniques to model accident frequencianging from the use of multiple linear
regression (MLR) to methods involving exponentiatiibution families such as Poisson and

negative binomial (NB) regression models.

Initially multiple linear regression was used foodel formulation. However, as pointed out by
Joshua and Garber (1990), linear regression mattelsot describe the nature of the crash
frequency data adequately. There are severaltgtatiproperties that are considered undesirable

to describe adequately the random, discrete, nativegand sporadic accident data.

Chung, (2005) discovered that Generalized Lineadd® is widely used, is that elements

affecting in accident are categorized data. Morgovecause accidents are discrete essentially,
expression of difference about accident reactiomast efficient in expressed data system by
categorized style. And this method makes it posdibltest significance of categorized data as

fixed quantity.

Compare to the Multiple Linear Regression, Chur@d8) the model has various shortcomings
to use for predicting the number of accident. Fidgpendent variables are assumed to follow
normal distribution in this model, but the numbéraocident is not so. And it is assumed that
there is no relation between error and independanable, but this assumption is not always

true in case of accident in actuality. In addititnis model can deduce the negative number that
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could not appear as the number of accident. Moreaween accident did not happen in any spot,
this method always predicts zero as the numbecatiant, and this result strains the truth that
zero number means that spot absolutely safe (M&tHr). As a result, these linear regression
models are not appropriate to make probabilisateshents about vehicle accidents on the road,

and test statistics derived from these modelshare questionable.

The unsatisfactory property of linear regressiondet® has led to the investigation of the

Poisson model. Poisson or Negative Binomial (NEgression models, instead, are better
suited for defining the random, discrete, andmegative nature of crash occurrence (Milton
& Mannering, 1998). The log-linear model is the thasown example of Poisson regression. It
essentially is a generalized linear model (GLKdy Poisson-distributed data and specifies
how the size of a cell frequency dependstluamlevels of categorical variables for that.cell

The nature of this specification relates to theoaistion and interaction structure among the

categorical variables (Agresti, 2002).

It should be noted that the Poisson model formutatequires the mean and variance of the
crash data to be equal. While, the assumptiongeaca approximation in some cases, it is not
generally appropriate. If this assumption is ndidvahe standard errors, usually estimated by
the maximum likelihood (ML) method, will be biasead the test statistics derived from the
models will be incorrect. Therefore, the NB modehich has all the desirable statistical
properties and also relaxes this constraint, isntost popular model formulation for crash
frequency estimation. A detailed comparison betwBersson and Negative Binomial crash
frequency models may be found in Miaou (1994). Tihdings suggested that since crash data

tend to be over dispersed (i.e., variansemean), negative binomial modeling is the more
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appropriate technique of the two. Negative binor(i#) distribution can allow greater variance

than the Poisson distribution. There are two bassumptions with the negative binomial model:

(1) Accident frequencies at any given site are stmdistributed.

(2) Individual site means among the similar sitesgamma distributed.

The combination of the two assumptions resultsanance function that is greater than that of
the Poisson distribution and this overcomes oreastl reduces the over-dispersion problem

encountered in the Poisson model.
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CHAPTER THREE: DATA AND METHODOLOGY

This chapter contains the data collection ho@t formulation of data and the
methodology used in the analysis of crasha dm this study. The key steps in the
methodology are presented first, followed by thieoretical framework of several crash
frequency models, such as multiple linearresgion (MLR), Poisson regression and
negative binomial(NB) model, used in this studgeTdevelopment of these models will assist
us to understand how these models can be emptoyteidfill the major objective of the study;
that is, to identify the effects of strepattern on crash occurrence as well as crash
severity. However, these models need to be cadibraith a reliable and representative dataset.
For this reason, the sources of database usedsirstiidy are discussed before describing the

mathematical formulation of the statistical modedsd in this study.

3.1 Main Stepsin Methodology

To achieve the objectives of the study, ablé@ statistical models need to be selected. Th
models will be developed using actual accident tadarelates crashes with road number, road
infrastructure, socioeconomic and demographic factbhe methodology is divide into several
steps:
1. Statistical model selection to correlates numbasloes as a function of different factors
2. Surveying, collection and processing of data ,la@tident and different factors to
establish the model

3. Analysis and interpretation of model result.
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3.2 Description of Data

3.2.1 National Road Traffic Accident Database

The crash data for this study was obtained from dffrcial crash database maintained by
Bangladesh Road Transport Authority (BRTA). BRTAldhe Police have been working closely
together to safeguard the integrity of the datalzagkto promote its statistical accuracy. The
information of crashes first obtains by the poldepartment. Therefore, the accuracy of the
crash data would largely be dependent on ghkceman who recorded the information
about the crash. In this study, district wiseid@at data from the year 2004 to 2010 for

Bangladesh were collected from the official craatatase.

3.2.2 Crash Trendsin Bangladesh

To recognize the accident condition in Bangladestoncise review of the accident statistics is

provided. The crash statistics in Bangladesh feryiar 1994-2011 is shown in Figure 3.1
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Fig 3.1: crash trendsin Bangladesh
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On average, there are close to 3882 traffic actsdem Bangladesh roads annually.

3.2.3 Socio-Economic, Road number and Road | nfrastructur e Data

Demographic and socioeconomic characteristics &h alistrict were collected from the 2001
census data published by Bangladesh Statisticaabu(BSB). From there we got average
dwelling household size for year 2008. Percentaseilouition of household living structure for
year 2008, Percentage distribution of householsh@tic condition for year 2008, Number of
population for year 2008, household, birth & delaytsex, Literacy rate & Estimated population
for year 2001, Economically active population blgdar force participation rates for year 2005-
06. Several important socioeconomic data were ngsom the census data such as: education

level, income level, age distribution etc.
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From Road and highways department (RHD), the tetaith of district wise national, regional,
Zilla road with paved & unpaved length for eactite classification was found. For each type of
total and categorical data were considered sucfoasational paved the categorical data were

0-40, 41-80, 81-120 and above 120.

The total district wise number & span of structybeidge, culvert etc), number & span of
existing gap, these data were acquired from LocaleBiment Engineering Department
(LGED). Like road number, continuous and categdridata were considered for road
infrastructure such as 0-1500, 1501-3000, 3001-4&0® above 4500 for total number road

structure (bridge, culvert etc).

3.3 Statistical Modelsfor Crash Frequency Analysis

The principal objective of a statistical modelasdentify a probabilistic system of the form:

Y = f(x) (3.1)

Where the dependent variable Y is a function cétao§ independent variables X. The regression
analysis of the above-mentioned form examineswvtather the observed patterns in the data are
consistent with theoretical prediction; and b) thlationship between a quantitative dependent
variable and one or more quantitative or qualiatindependent variables. In many accident
frequency studies, the dependent variable Y uswapiyesents the total number of annual traffic
accidents as a count outcome and the independeables X represent the associated roadway

geometrics, traffic and regulatory controls, aneotrelevant characteristics.
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This section gives a detail description of theistisal models which will be used for accident
frequency analysis, their mathematical form, asgiong and limitations. These models include
the conventional multiple linear regression modEILR), poisson and negative binomial
regression models. A detail description of modelleation that includes tests based on goodness
of fit will then be discussed. Finally, a methodfital the elasticity of independent variables will

be described.

3.3.1 MultipleLinear Regression Model

The most widely used regression model to analyfisiom frequency data is the multiple linear

regression model (Hakkim, 1984) which is given by:

y=X+¢ (3.2)

Where vy is the number of collisions, X is a veabbrexplanatory variabled} is a vector of

parameters to be estimateds the error term.

The assumptions of the OLS model are:

a) Expectation of the error term is zero.
b) Homoskedasticity: variance of the errors issame regardless of the value of X.
¢) Normality: the error is normally distributed.

d) Independence: the observations are free frowcatrelation.
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The above model is usually estimated using thenargi least square method (OLS). If the

assumptions are valid, then the OLS estimatoras#st linear unbiased estimator.

However, since accident data are usually randoseyelie, nonnegative, sporadic and count data,
there are a lot of undesirable properties in MLRhsas assumption of normality and common
variance as well as the possibility of negativecontes that results in misinterpretation of count
data (Joshua and Graber, 1990). To overcome theepns associated with MLR models, Miaou
(1994) proposed that the Poisson regression shioaldnstead used for modeling accident

frequencies.

3.3.2 Poisson Regression M odel

Poisson models deal with discrete data so that Haeye most of desirable characteristics to
describe vehicle collisions of positive number aagldom attribution. Joshua and Garber (1990),
Milton & Mannering (1998) studied the relationshiptween highway geometric factors and
accidents and all of them came to the conclusian Boisson regression model is superior to
MLR to describe discrete, random, non-negativeraio accident data.

The basic assumptions of Poisson distribution are:

a) Probability of more than one event occurrim@ ishort period of time is zero;

b) Probability of one count in a subinterval is $ame for all subintervals and proportional to

the length of the subinterval; and

c) Count in each subinterval is independent béosubintervals.
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If event ‘n’ occurs according to a Poisson procesk parameter |, then the Poisson distribution

can be written as:

P (mut) = exp (-H)+ Mit/ Nin (3.3)

where (R) is the probability of ‘n’ accidents occurriog roadway section ‘i’ in time ‘t}u is

the expected number of accidents on roadway se'ctiartime ‘t'.

The Poisson distribution has the limitation tha ttariance and mean should be approximately
equal i.e.

Mar) = E () = Wt (3.4)

In the case of accident frequencies, the variascgenerally much larger than the mean
(described as the over-dispersion phenomenon) ahwpoint the Poisson model becomes

inappropriate.

3.3.3 Negative Binomial M odel

The negative binomial model has been used intelydbyerecent studies as the most appropriate
methodological technique for modeling accident diatries (for example: Walmsley et al., 1999
and Lee and Mannering, 2002). As mentioned abdweelimitation of the Poisson model is that

the variance and mean must be approximately equ&l ib general, accident data have a
variance exceeding the mean. To deal with the ditihs of the Poisson model, a negative

binomial based on a gamma-distributed error terocoremonly used. Therefore, equation 2 can
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be rewritten as follows (Shankar et al., 1995, &y et al., 1999 and Lee and Mannering,

2002):

E (ni) =Ai = exp BXi) + (3.5)

Whereei is a gamma distributed error term. This additrah make it possible that the variance

is different from the mean following the next eqoat

Var(n) = E(n) 9E(ny (3.6)

The negative binomial model is described by thetahg equation:

P(ni) =((L/0)+n )/ T(L/O)NI*(( 1/0)/( LO+AD)) Lip*(Xil(1/6+Ai)) ni (3.7)

From equation 3.7, it can be seen that if paranteterequal to zero, then the negative binomial
model becomes a Poisson model; therefore the Pomsedel can be described as an absolute of

the negative binomial model.

3.3.4 Model Evaluation

The statistical models will be evaluated to selkbet best model from the competitive set of

models. The evaluation will be done with the hdlpa statistics:

1. Likelihood Ratio Test.

2. Log-likelihood Ratio Indexpf).
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Likelihood ratio test is a common test used to ss$&0 competing models. It provides evidence
in support of one model, usually a full or completedel, over another competing model that is
restricted by having a reduced number of modelmatars. The models are also tested for an
overall goodness-of-fit with the help of log-liketiod ratio index. Finally, the elasticity values
are calculated for the final model to find the tiela effects of different independent variables.

These are described in detail in the following.

3.3.4.1 Likelihood Ratio Test

The likelihood ratio test statistic is:

X?=-2LLPr-LLB (3.8)

Where,LL Br is the log likelihood at convergence of the restid model.

LL B is the log likelihood at convergence of the unietstd model.

The test statistic is Xdistributed with the degrees of freedom equalhte difference in the

numbers of parameters in the restricted and uncestrmodel.

3.3.4.2 Log-Likelihood Ratio Index

To measure the overall goodness of the modeldpthkkelihood ratio index will be calculated.
The R as a goodness-of-fit measure for OLS estimatoibkeas used by traffic safety engineers

and researchers for many years. However, sincetcmia models are non linear, there is fio R
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instead, the common practice is to use a pseudstaistic, which is often known as log-

likelihood ratio index which is given by:

p?= 1- L(B)/L(0) (3.9)

Where, L) is the log-likelihood value of the fitted model.

L(0) is log-likelihood value of the mddmly with constant term.

Everything else being equal, a specification witthigher maximum value of log-likelihood
function is considered to be better. The lowestu&af log-likelihood function corresponds to
the model with constant term only and is considéhedworse case. The value dfiRbetween

0 and 1, the better models approaching the latike the R statistic, it has the undesirable
characteristic that for same data set, it will @ase whenever new variables are added to the
model. To overcome this disadvantage a correctorife number of covariates, p, to give the

adjusted log-likelihood ratio index as:

p’=1- (L(B)-p) / L(0) (3.10)

3.3.5 Elasticity of Variables

In order to check the relative significance of ipeledent variables from the final model, the

elasticity of the variables was calculated. Eldtstis defined as the percent change in dependent

variable due to one percent change in the indepeéndariable. The elasticity of accident

frequency pit with respect tawis defined as:
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=Edpit / pit)* (X / dxine) (3.11)

Where, xitk is the k th independent variable fartem i in year t.

Using this equation, the sensitivity of accidenturcence to any variable can be obtained. With
the increase in elasticity value the sensitivityaotident occurrence to a change in the specific
variable also increases. The elasticity in Equatdol2 is only appropriate for continuous
variables. It is not valid for non continuous vates such as indicator variables that take on
values of 0 or 1. For an indicator variable, pseudasticity is computed to estimate an
approximate elasticity of the variables. The pseeldsticity gives the incremental change in
frequency caused by discrete (0-1) change intheator variables. The pseudo-elasticity for

indicator variable is computed as:

Hexp (3)-1}/ exp () (3.12)
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CHAPTER FOUR: CRASH FREQUENCY ANALYSIS

4.1 Overview

The main objective of crash frequency analysis ita fout the factors related to road
characteristics (type wise length), road structgcesdrert, bridge etc, their length, span), exigtin
gap and socioeconomic and demographic charactsristid their effect on number of accident.
The second objective is to examine the sentgitiof our findings and policy

recommendations to different specifications pérformance functions with respect to
combining collision frequency . To fulfill the dgtive, this study will  develop a crash
frequency model by using statistical analysis tlewant factors that affects the numbers of
crashes. The unit for the model development belltaken as individual district which has not

been explored much in the past.

4.2 Data

Several sources of data were used in this studg. driganizations were considered for data
collections are: Roads & Highways Department (RHBAngladesh Statistical bureau (BSB),
Bangladesh Road Transport Authority (BRTA) and Ldsavernment Engineering Department
(LGED).Bangladesh Road Transport Authority (BRTApyded yearly national road traffic

accident reports for 64 districts in Bangladeshe Tdistribution of the number of reported

crashes for the years 2004-2010 across Bangiabesing the period analyzed, 21448 crashes
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occurred in the 64 districts in Bangladeshing an average of 48 crashes per districheac

year.

From Road and highways department, the total lepgttiistrict wise national, regional, Zilla
road, UpaZilla road & Union road with paved & unpdvlength for each of the classification
was found. The map shows different road networkBamgladesh. From GPS survey, RHD

calculated the length of each class of road. Tiheesuvas done from 2002-2004.

The total district wise number & span of road dtnoe (bridge, culvert etc) & of existing gap

were acquired from Local Government Engineeringdepent (LGED).

Bangladesh Statistical bureau (BSB) provided u$ wéveral district wise demographic data.
BSB provided Average dwelling household size forary008. Percentage distribution of
household living structure for year 2008, Perceatatjstribution of household economic
condition for year 2008, Number of population faay 2008, household, birth & death by sex,
Literacy rate & Estimated population for year 20&tpnomically active population by labour
force participation rates for year 2005-06. Severglortant socioeconomic data were missing

from the census data such as: education levelimadevel, age distribution etc.
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Figure4.2: Road Network in Bangladesh
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4.3 Model development

As discussed in previous Chapter, count data maleth as Poisson and Negative Binomial
Model are considered in crash frequency analysis. feasons for choosing these models, their
assumptions and mathematical formulations of batdets are detail presented and discussed in
those chapters. As discussed in the previous chapggative binomial model have been chosen
for crash frequency analysis. By using this modelefficient can be developed for accident
causing factors e.g. culvert, bridge etc, theigtenspan, type wise road length, socioeconomic
characteristics etc. These coefficients will be aseident prediction model. This prediction
model will be able to predict increase or decraagée number accident due to the increase or

decrease of one or several factors.

After data collection from several organization8y variables were found which include both
continuous and categorical variables. The collectteda consist of district wise road
characteristics (type wise length), road structgcesrert, bridge etc, their length, span), exigtin
gap and socioeconomic characteristics. For ingafficdata, different variables such as number
bus, train station, licensing information etc axeleded from the model. The mean and the

standard deviation of the variables used in thal fimodels:
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Table4.1: Summary Statistics

Variable | Mean | Std. dev
Road length

National paved road

Total 103.2929 412.5381
0-40 0.4688 0.5029
41-80 0.4688 0.5029
81-120 0.2344 0.4269
Above 120 0.1094 0.3146
National road unpaved

Total 0.3742 1.8244
0-5 0.9688 0.1754
Above 5 0.0312 0.1754
Regional paved road

Total 124.5991 496.6572
0-60 0.4844 0.5037
61-120 0.4219 0.4978
121-180 0.4219 0.4978
Above 180 0.0312 0.1754
Regional unpaved road

Total 1.9142 8.2469
0-5 0.9375 0.2439
6-10 0.0156 0.1250
11-15 0.0313 0.1754
Above 15 0.0156 0.1250
Zilla paved road

Total 322.5458 1282.1940
0-100 0.2344 0.4269
101-200 0.4688 0.5029
201-300 0.2656 0.4452
Above 300 0.0313 0.1754
Zilla unpaved road

Total 51.3859 205.7684
0-30 0.6875 0.4672
31-60 0.2031 0.4055
61-90 0.0469 0.2130
Above 90 0.0625 0.2439
Upazilla paved road

Total 1593.68 6333.6890
200-700 0.4688 0.5029
701-1200 0.4219 0.4978
1201-1700 0.0938 0.2938
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Above 1700 | 0.0156 | 0.1250
Upazilla unpaved road

Total 913.4745 3637.9090
0-400 0.515625 0.5037
401-800 0.328125 0.4732
801-1200 0.1250 0.3333
Above 1200 0.0312 0.1754
Total number of road 3146.744 12504.05
Road structure & existing gap

Number of Structure(bridge, culvert etc)

Total 3574.8310 14226.60
0-1500 0.4531 0.5017
1501-3000 0.4219 0.4978
3001-4500 0.0938 0.2938
Above 4500 0.0313 0.1754
Structural span

Total 20604.59 81935.87
0-700 0.3125 0.4672
701-1400 0.4531 0.5017
1401-2100 0.2031 0.4055
Above 2100 0.0313 0.1754
Existing gap

Number of existing gap

Total 381.5692 1531.689
0-300 0.8281 0.3803
301-600 0.1406 0.3504
601-900 0.0156 0.1250
Above 900 0.0156 0.1250
Span of gap

Total 6797.934 27189.12
0-3000 0.5781 0.4978
3001-6000 0.2813 0.4532
6001-9000 0.0625 0.2439
Above 9000 0.0781 0.2705
Socio & demogr aphic characteristics

Household number 785119.5 3126425
Total house hold 3787491 1.51e+07
Male 1962816 7820955
Female 1824676 7267342
Male % 51.9034 5.1301
Female % 48.0966 5.1301
Household size

Total 4.8828 0.4203
4-5 0.7188 0.4532
Above 5 0.2813 0.4532
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Sex ratio

Total ratio 105.5 4.6050
98-110 0.8906 0.3146
111-120 0.0938 0.2938
Above 120 0.0156 0.1250
Both sex 43.7813 8.5159
Male sex 47.8688 8.1040
Female sex 39.8813 9.2131
Economically active population 15+

Total 15+ 1322.484 1009.552
Male+ 671.1719 508.0074
Female+ 648.75 501.8555
Male% 15+ 50.9717 1.2618
Female % 15+ 49.0283 1.2618
Active total 15+ 824.5625 664.4481
Active male 15+ 586.1094 421.5046
Active female 15+ 195.9375 162.5081
Active male% 15+ 75.2161 13.5699
Active female% 15+ 24.78394 13.5699
Economic condition

Per manent insolvency %

Total% 303.4508 2287.58
0-15% 0.4219 0.4978
16-30% 0.4531 0.5017
30-45% 0.0938 0.2938
Above 45% 0.03125 0.1754
Temporary insolvency %

Total % 22.8527 7.55076
0-18% 0.28125 0.45316
19%-36% 0.625 0.4880
Above 36% 0.0938 0.2938
Equal expense

Total 30.8008 9.3711
0-20 0.0781 0.2705
20-40 0.7656 0.4270
Above 40 0.1563 0.3660
Solvent

Total 18.1459 6.4179
0-14 0.2344 0.4269
15-28 0.7031 0.4605
Above 28 0.0625 0.2440
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Saving

Total 10.7692 5.0441
0-14 0.8125 0.3934
15-28 0.1719 0.3803
Above 28 0.01563 0.125

Since some of the factors are recorded ircategorical manner, several discontinuous
variables are used to find out their effe@sveralof the contributing factors are consider in
terms of percentage shares of the different categorSince categorical data always sum to
one or 100%, one of the categories has doolitted from the model and used as a

reference or base case by which the estimé@her categorical variables are compared.

4.4 Estimation Results

4.4.1 Aggregated Crash Frequency Models

In the aggregated crash frequency models, the aithresults from eight models are reported
in table. All the eight models comply with the déaaly well. The chi square values were large
when the goodness of fit of the models was checkbd. over-dispersion parameters (a) in all
three models were statistically significant (p-wals 0.0001) which showed the validity of
using the negative binomial model instead effiwisson model. The models also showed very
small p values. The over dispersion parameter lirthal models were very much statistically

significant, this justifies the suitability of ugimegative binomial model.
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Table 4.2: Estimation Results of Aggregated Crash Frequency Models

3

Total Year Year Year Year Year Year Year
accident | 2004 2005 2006 2007 2008 2009 2010

Number of | 64 64 64 64 64 64 64 64

observation

Chi-square | 90.98 73.72 96.63 71.96 112.83 58.36 8979. | 65.89

Alpha 0.1482 0.3527 0.2021 0.1822 0.1448 0.171p 136A 0.1455

P-value <0.0001 | <0.0001| <0.0001] <0.0001 <0.0001 <0.0001 OG@L | <0.0001

(Alpha)

Road length (kilometer s)

National paved road

total - - 0.0094** | - - - - 0.0059*
*

0-40 - - - -0.3513*| -0.4973** -0.2165 - -

41-80 - - - - - - 0.4790**| -

81-120 0.6104**| - - 0.3921** 0.5592**| - 0.8454* -

120> 0.9032** | - - 0.6207**| - 0.5555** 0.8569*% -

National unpaved road

total - - - - - - - -

1.2925*

0-5 -0.6916 *| - - - - - - -

Above five | - 7.0511%* | - - - - - -

Regional paved road

total - - - - 0.0043** | - - -

0-60 - 1.1026** | - - - - - -0.23821

61-120 0.3484**| 1.0388**| - 0.3160* - 0.3798* 0.8BB** |-

121-180 0.4944**| 1.5516** - 0.7646* - - 0.8473*F -

Above 180 | - - - - - 1.0599* | 0.7288*F -

Regional unpaved road

total - - - - - 0.0334* | 0.0478** -

5-10 - - -0.9711* | - - - - -

10-15 - - - - - - - 0.7145*
*

Above 15 - - - - 0.9345 **| - - -

Zilla paved road

total - - - - 1.0054** | - 0.0014 -

200-300 - - - - 0.2257 - - -

Above 300 | - - - - - - - -

1.3596**
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Zilla unpaved road

total

0.0067*

*

0-30

0.5084**

0.5458**

0.6871**

-0.2113*

31-60

0.6222**

-0.610**

0.8808**

Above 90

0.5407**

Union zilla paved road

total

0.0006*

700-1200

0.2426**

0.2394*

Union zilla unpaved road

total

0.0008*
*

0-400

0.2493*

400-800

-0.2584*

Total
number of
road

0.0003

Road structure and existing gap

Structure number

0-1500

0.5202**

1500-3000

0.4851*4

Structure span

total

0.00003*

*

7000-
14000

0.4269**

Number of gap

total

0.0007**

0.0006**

0.0006**

0-300

0.6258*

301-600

0.8821**

Span of gag

0-3000

0.3248*
*

Socio-economic char acteristics

Total household population

Household
number

2.24e-
06**

Male%

0.0661**

-0.0218*
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Female%

.03527**

Female 15+

0.0010**

Male% 15+

-0.0733*

-0.0872

0.1557*
*

Female%
15+

0.1644**

Economical
ly active
male %
15+

0.0074*

0.0666**

0.0096

0.0105*

*

Economical
ly active
female %
15+

0.0584**

0.0035**

Total active
population

0.0003**

Permanent i

nsolvency %

Total %

-0.00004

15%-30%

-0.2266*

30-45%

-0.4091**

Above 45%

-0.6583**

Temporary insolvency %

Total%

0.0218**

0.0318**

0.04334*

*

0.0238**

19%-36%

0.3314**

0.6571**

0.4236**

-0.3661**

0%-20%

0.6438**

Equivalent expense %

20%-40% | -

| 0.3932%* | -

Solvent%

total

0.0324**

15-28

-0.29147

Above 28%

-0.5092*

Saving%

Above 28%

1.1479**

1.8820**

2.4416**

Household size

Above 5

0.2889**

0.3105**

-0.2374*

0.4693*
*
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Sex ratio

Total

0.0565**

90-110

-2.2578**

110-120

-1.8626**

Above 120

0.8050*

Male sex

0.0994**

Female sex

-0.0927

Constant

*

10.3126*

-7.1441

8.0782**

*

10.0732%

5.9081**

2.07385*
*

2.4982**

10.3413

**

Note: * & ** denote statistically significant at = 0.10 & 0.05 respectively; - denotes insignificeariable

Also to the model estimates, the elasticity of kr&equency with respect to each contributing

factor was also computed. The calculated elagitcare reported in Table.

Table4.3: Elasticity Estimatesfor Crash Frequency Models

Total Year Year Year Year Year Year Year
accident | 2004 2005 2006 2007 2008 2009 2010
Road length (kilometers)
National paved road
Total 0.4947 0.3073
0-40 - - -.039811| -0.6444 -0.2418
41-80 - - - - - - .38059| -
81-120 0.4569 - - 0.3244 0.4284 - 0.5707 -
120> 0.5947 - - 0.4625 - 0.4262] 0.5755 -
National unpaved road
Total - -0.2456 | - - - - - -
0-5 -0.9970 - - - - - -
Above five -5.5668 - - - - - -
Regional paved road
Total - - - - 0.0043 | - - -
0-60 - 0.6680 - - - - - -0.2690
61-120 0.2942 0.6461 - 0.2710 - 0.316p 0.4393 -
121-180 0.3901 0.7881 - 0.53450 - - 0.5714 -
Above 180 - - - - - 0.6535| 0.517% -
Regional unpaved road
Total - - - - - 0.0325 | 0.0466) -
5-10 - - -0.1641 | - - - - -
10-15 - - - - - - - 0.5106
Above 15 - - - 0.6072 | - - -
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Zilla paved road

Total

1.0054

200-300

0.2020

Above 300

Zilla unpaved road

Total

0-30

-0.6623

31-60

-0.8630

Above 90

Union zilla paved road

Total

700-1200

0.2154

Union zilla unpaved road

Total

-0.3733

0-400

400-800

Total number

of road

0.5273

Road structure and existing gap

Structure number

0-1500

0.4056

1500-3000

0.3844

Structure span

Total

7000-14000

Number of gap

Total

-0.1249

0-300

301-600

Span of gap

0-3000

-0.3839

Socio-economic char acteristics

Total household populatio

=]

Household
number

Male%

-3.4292

Female%

Female 15+

Male% 15+

-0.3737

-4.44568

Female% 15+

8.0593

Economically
active male %
15+

0.5551

-5.0057

Economically
active female

-1.4475

0.0861
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% 15+

Total active
population

0.2276

Per manent insolvency %

Total %

-0.01305%

15%-30%

-0.2544

30-45%

-0.5054

Above 45%

-0.9315

Temporary insolvency %

Total%

-0.4979

-0.990%

-0.5439

19%-36%

-.39294

-0.91908-0.5274

-0.4420

0%-20%

0.4747

Equivalent expense %

20%-40%

Solvent%-

Total

15-28

Above 28%

Saving %

Above 28%

| -2.1516 |

-2.6418 |

Household size

Above 5

| -0.33493] -

-0.2679

-0.59

Sex ratio

Total

5.9557

90-110

110-120

Above 120

Male sex

Female sex

88
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4.5 Discussion

To find out our significant variables we have ird#d district wise road characteristics (type
wise length), road structures (culvert, bridge efweir length, span), existing gap and
socioeconomic characteristics in our model in ortlerdetermine their complex effects.
Discussions of the significant control variablestle final models are presented using three

categories: road length, road structure and exgigtap and socio-economic characteristics.

4.5.1 Road characteristics

Several road characteristics were considered as#fisgnt variables and their effects would be
briefly discussed. A number of studies (Amomtsal., 2003; Henning-Hager, 1986; Graham
and Glaister, 2003) have examined the effdctthe length of road (total or functional

class wise) on the expected crash rate. The expettect of length of a road on crashes may
vary depending on the type of road. For examptghdr functional classes of roadways such as
national and regional road have better design atandnd thus may have fewer number of
crashes. On the contrary, these roads ardgnges for higher speed which may be

associated with more casualties.

In the model we consider two types roads for aksés of roads (national, regional, zilla and
union zilla road) .they are paved road and unpaeed. Also consistent with other studies(
Amoros et al. 2003; Hager, 1986; Graham and @&Qgi2003), our study has found that
increasing the length of paved road per year haadaerse effect on the number of crashes.

These result is almost true for most the year fith lzontinues and categorical variables. The
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highest elasticity in the road accident due to érgtoad length is 1.0054 which means one
percent increase in road length causes 1.005%aserén road accident. There were some
exceptional cases, where increases in road lenggisec decreases in road causalities. The
variables which reduce number of accident for tir@grease value are national paved 0-40km,
Zilla paved (2006, 2007, 2008) and road above 30Q&®05). This may happened due better
road management plan during road construction wimey reduce the possibility of road

accident. The highest elasticity in the road aadidehich decreases road accident due to
increase in road length is -2.8974; which indicakes increase in one percentage in road length

causes 2.8974% decrease in crashes.

On the other hand it is seen that increased unpebeatl length associated with decreased road
accident. It is almost true for all classes of réadall years. The highest elasticity in the road
accident due to higher road length is -2.89 whiakans one percent increase in road length

causes 2.89% decrease in road accident.

45.2 Road Structure

The presence of road structure in each idislras been included in the model to estmat
the effect of different levels of road sturet supply on the expected crash rate. Here
number of road structure and their span size has bensidered. In here road structure means
bridge, culvert etc. Also the number of existingy @ad their span also included in the model to
find out their effect on crash. For both case aatiegl and continuous variables are included in
the analysis. From the analysis it is found thatease number of road structure enhances the

probability of number of accident. Increase roaddtire, increases vehicle transportation which
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may result increase in crashes. The highest dlgsiic the accident due to increase in road
structure is 0.4056 which shows that one percentease in road structure increase the
likelihood of crashes by 0.4056%. This effect soadame for their span. The highest elasticity in

the accident due to increase in span size is 0.3475

From the analysis different effects due to theatash gap number on crashes is found. Gap in a
continuous road reduce traffic flow, which may dé&se number of crash. The highest elasticity
in the accident due to enhance gap number is -8.0@tich indicates that one percentage
increase of gap number result in a 0.0014% deciiaasash. It is also seen that increase number
of gap, increase the chances of road accident. hidigest elasticity in the accident due to
increase in gap number is -0.2703 which means engept increase in road structure increase

road accident by 0.2721%.

4.5.3 Demographic and Socioeconomic Char acteristics

In parallel with road characteristics, variogscio-economic and demographic factors are
also examined in this study. Here differentea$mf socio demographic feature like total

number of house hold , percentage of male and f=makex ratio etc were considered. For
economic features like economically active popalatipercentage of economically active male
and female, different earning group (permanentesaly, temporary solvency, saving, solvent
etc) were examined. In the model development botiticuous and categorical variables are

considered.

47



Number of house hold population has important mlerash number. From the model it is found
out that in the case of crashes in 2008, the elgstf this variable is 0.8931 which indicates
that one percentage of increase in household numitleéncrease the probability of crashes by
0.8931%. Total percentage of male and female higwméfisant impact on accident numbers. For
male percentage the highest elasticity in the o&seashes in 2004 is -3.4292. It means that one
percentage of increase in accident number will cedtihe number of accident by 3.4292%.
While for female population the elasticity in thase of crashes in 2005 is -1.6965 which means
that one percentage of increase in accident numbledecrease 1.6965 percentage of accident

number.

Here we also examined the total sex ratio of theufaion. Sex ratio has both positive and
negative effects on crash frequency. The highesdtielty of this variable is 5.9564 which
represents that one percentage of increase inasiexwill result in 5.9564% increase in crash
frequency. Also for the year 2007 the elasticitysw@.5624 which indicates that one percentage
of increase in sex ratio will cause 8.5624% de@@ashe number of accidents. We also found
out the elasticity for male and female. For méabe, ¢lasticity was 4.6908, which shows that one
percent increase in male will increase the crashuency by 4.6908%. For female sex, the
elasticity was -3.2442,which means one perceneas® in female sex will cause decrease the
crash frequency by 3.2442%. This may be becauseooé risk taking behavior of the males

than the females.

For economic condition, population of age 15+ aocdnemically active population of age 15+
were considered. In the case of population of age it was seen that, increase in male

population reduces the number of crashes. On ther dtand, the situation is vice versa for the
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female population. The highest elasticity for malé%t+ is -7.9381 which indicates that one
percent increase in male% 15+ will reduces thdiliked of the crash frequency by 7.9381. The
highest elasticity for female% 15+ is 8.0593 whiokans one percent increase in male% 15+
will cause increase the crash frequency by 8.0588.economically active population of age
15+ it was seen for almost all the cases that asgen male population enhances the number of
crashes. On the other hand, the situation is yotgposite for the female population. The highest
elasticity for active male% 15+ is which represeahtst one percent increase in male% 15+ will
increase the probability crash frequency by 0.7921 highest elasticity for female% 15+ is -
1.4475 which means one percent increase in male%owib decrease the crash number by

1.4475.

In our Study, four economic stages were considerady are permanent insolvency, temporary
insolvency, equivalent expense and solvent. Fothallcases of permanent insolvency it was
seen that, increase in permanent solvency decraasesiumber of accident. The highest
elasticity for percentage of permanent insolveneg wW.9315 which means one percent increase

in permanent insolvency will decrease the crastjuieacy by 0.9315.

For all the cases of temporary insolvency it wasnsthat, increase in temporary insolvency
decreases the number of accident. The highestoftador percentage of temporary insolvency
was -0.9905 which indicates that one percent irsereéa temporary insolvency will result in a
0.9905% in number of crashes. An exceptional caae seen in the year 2007. In 2007, for
temporary insolvency the elasticity was 0.4747 Wwhizeans one percent increase in temporary

insolvency will increase the crash frequency byy@4%.
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For all the cases of equivalent expense it was gegnincrease in equivalent expense declines
the number of accident. The highest elasticitydercentage of equivalent expense was 0.3251
which represents one percent increase in permansalvency will increase probability the

crash frequency by 0.3251%.

For solvent, in all situations it was seen thatréase in percentage of solvent population reduces
the likelihood of road accidents. The highest @dgtfor percentage of solvent population was -
0.6640. It represents that one percent increagernmanent insolvency will reduce the chances

of crash frequency by 0.6640%.

4.6 Summary

The foremost objective of the crash frequency aesdypresented in this chapter is to investigate
the outcome of different district wise factors dwe frequency of crashesnd for this purpose

individual district taken as unit which has not besxplored much in the past. To developed
statistical model, negative binomial method wassatgred. Year 2004, 2005, 2006, 2007, 2008,
2009 and 2010 data were considered to develop tltelmHere variables were calculated based

on total number of crashes as well as the crasite=ath individual year.

Mainly road characteristics (type wise length),d@ructures (culvert, bridge etc, their length,
span), existing gap and socioeconomic and demograplaracteristics were considered to find
their effect on number of acciderfthe effects of these control variables are lessistant

across the models. After the analysis, differenti&iof outcome were found. Our result indicates

that increase in paved road length enlarge theghibty of road crashes for most of the cases.
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While increase in unpaved road reduces the likelihof crashes. This outcome may be because
of the increase in road traffic due to increasechimer of paved road, which may introduce

amplification in road crashes.

For road structure, it was found that rise in beidgulvert etc number increases vehicle
transportation which may causes increase in crastjuéncy. While gap number has both

positive and negative effects on number of crashes.

Socioeconomic and demographic characteristics mapertant role influencing the number of
crashes. From the analysis it was found that iseréa household population, result in increase
accident number. We also observe that male popual&nhances the probability of number of
crash, while female population decrease the actidember. This situation is vice versa for
economical condition. From the analysis, for mdsthe cases, it was observed that increase in
active male population lessen the likelihood of bemof crashes, while increase in active
female population increases the chances of craSlmsidering different economical stage such
as permanent insolvency, temporary insolvency, esthetc, it was analyzed that increase

population reduce the accident number.
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CHAPTER FIVE: CONCLUSION

5.1 Background and Rationale

Traffic accidents are a ‘global tragedy’ with evesing trends in fatalities and injuries in the
developing countries. Road trauma has now beemgnesed as one of the significant diseases of
industrial societies and is an increasing publialtheeconomic issue in developing countries.
According to the ‘World Report on Road Traffic Inyu Prevention-2004’, worldwide an
estimated 1.2 million people are killed in traficcidents each year and as many as 50 million
are injured. Projections indicate that these figusdl increase by about 65% over the next 20
years unless there is new commitment to prevenkarthermore, traffic deaths are predicted to
increase by 83% in low income and middle incomenties and to decrease by 27% in high
income countries. Of total 1.2 million deaths, 0889 of traffic fatalities occur in so called
developing and emerging countries, even thoughetltesintries account only about of the
total motor vehicle fleet. Accident rates in deyetm countries are often 10-70 times higher than
in developed countries. Whereas traffic accidertuasion is slowly improved in the
industrialised societies (e.g. Australia, USA, UKkc.k most developing countries face a
worsening situation. It is expected that over tlextnten years developing countries will
experience the alarming increase in traffic injsri€hus, as a developing country, Bangladesh
has to give emphasis to adopt countermeasuregdoicing road traffic crashes and for that a

deep analysis on crashes and related factor isrmach necessary.
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It is clear that factors related to road infrastmoe, land use and socioeconomic and
demographic features have significant impact oslci@currence. That's why the objectives of
the study is to examine the effect of district wisad infrastructure , land use & demographic
features on crash occurrence .The unit will beials individual district which has not been

explored much in the past.

5.3 Main Findings of the Study

Three categories of factors were considered: rdaatacteristics (type wise length), road
structures (culvert, bridge etc, their length, 9paexisting gap and socioeconomic and
demographic characteristics. These factors werd tselevelop statistical models. The model
out comes will tell which factors increase/decrethgedistrict level crash frequency.

Our result indicates that when the length of theeparoad increases, it enhances the chances of
crashes. On the contrary, when the length of thiawed road increases, it reduces the likelihood

of crashes.

For road structure (i.e., bridge and culvert), @asviound that when the bridge and culvert number
increase, the chances of crashes will increasgh®wther hand, gap number has both positive

and negative effects on crash occurrence.

Socioeconomic and demographic characteristics baweficant role influencing the quantity of
accident. From the study it was found that increageusehold population result in the increase
of accident number. It is also obtained that malputation increases the crash number, while

female population shows vice versa. While incorpogathe economic condition on the effect of
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gender, this situation changes. It is observedititaéase in active male population decreases the
likelihood of crashes, while increase in active &grpopulation increases the chances of crashes
From the model results it is seen that differemtnemical stages such as permanent insolvency,

temporary insolvency, solvent etc. reduces thedaotinumber.

5.4 Limitation

Conducting this thesis, it was found out that dl lgqaite a number of limitations. The study could
not include some important factors which might @ase the accident numbers. This study did
not include the effects of the registered vehieled licensing information in each district due to
lack of official information. We were also unabteinhclude district wise number of bus stations
and rail stations. This lack of information was mgpibecause of the inadequate government data

base.

5.5 Recommendation

The study will provide policy makers as well asngportation engineers and planners with
important information for adopting countermeasuceseduce crash frequency. The information
is particularly useful for developing countriesdilBangladesh, which has experienced great
growth in road accidents over the past decade Beaafuincreased population, increased traffic,

less development in roads and highways sector etc.
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The results of this study are used in developirgftiture forecasting model for predicting crash
frequency for future years. From this model we peadict the approximate number of accidents
that may happen subsequent years. This informatibrbe very useful in taking proper steps

and countermeasures to reduce crashes in Bangladesh
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