ROAD TRAFFIC ACCIDENTS IN MALAWI: INFERENCE ANALYSI S,
INTERPRETATIONS AND INTERVENTIONS

Master of Science in Infrastructure Development andManagement

Gibson Mpokonyoka Ngwira

University of Malawi

The Polytechnic

August 2012



UNIVERSITY OF MALAWI

THE POLYTECHNIC

ROAD TRAFFIC ACCIDENTS IN MALAWI: INFERENCE ANALYSI S,
INTERPRETATIONS AND INTERVENTIONS

By

Gibson Mpokonyoka Ngwira
(PGD Road Safety, BSc Mechanical Engineering, FTC&G)

A Dissertation Submitted in Partial Fulfilment of the Requirements of Master of Science in

Infrastructure Development and Management

August 2012



CERTIFICATION OF APPROVAL
The dissertation of Mr Gibson Mpokonyoka Ngwiragproved by the Thesis Examination

Committee.

Steven Taulo PhD

(Chairman, Postgraduate Committee)

Ignasio Ngoma PhD

(Supervisor)

Witnes Shaibu Kuotcha MSc

(Supervisor)

Ucizi Mughogho MSc

(Course Coordinator)



DECLARATION
I, GIBSON MPOKONYOKA NGWIRA , declare that this thesis is my own original ward

shall not or has not been presented to any othiensity for a similar or any other degree

award.

SIgGNALUIE: ..o

Date: August 30, 2012



ACKNOWLEDGEMENT

Special thanks are accredited to my main supewisbr Ignasio Ngoma & Mr Witness

Kuotcha, Dean of Postgraduate Studies, Dr SteverioTand Prof. Andras Varhelyi of Lund

University, Sweden, for their technical assistanod guidance in developing and writing the
dissertation.

My gratitude is indebted to the Management andf 8faNRSCM for their support to my study
interest in road safety and for providing crashadidite same with SIDA Administration and
Contract Teaching Staff at Lund University, Swed@enthe offer and support to my studies in
Advance Road Safety Training which | attended interi of 2007 and submitted a road safety
research paper in 2008. The Training improved mgwkadge and skills in road safety while
scholar support of text books, reference matergéstronic journals, bulletins and lecturer notes
and interaction with lecturers and fellow changerdg from many countries worldwide has
assisted me a lot on this study.

Furthermore, | recognise the Director of Road TeafMr. J. Manong’a) for encouraging me to
study on road safety as well for his guidance guictgelection and study development, and for

material support on printing the report.



DEDICATION

The study is devoted to my late mother, TrynessMiyavho died on June 18, 2011 while | was
writing research proposal for this study also towife, Elina Ngwira and two sons namely

Gibson Ngwira Junior and Mahala Ngwira.



ABSTRACT

This is a case study investigating road trafficidects in Malawi. Apart from assessing risks to
road accidents and burden of crash injuries thdysailso identifies significant risk factors or
safety factors that have more than standard infleeon road accidents. Each and every road
safety factor has an affect on crash involvement iajury but some of them have risk above

normal or benchmark threat.

Road crash injuries impact huge human and econoaosicworldwide including Malawi and the
crisis is predicted to increase if road safety @& adequately addressed by Member States.
Therefore, the study was instigated in respons@&/ktO call for all Member States to address

their road safety problems.

A secondary sourced data of road traffic accidearnt2010 was sampled from database managed
by NRSCM and empirical analysis was carried oumda size was settled at a whole year crash
data of 2,472 road accidents. After that, basedc@sh data variables, hypotheses were
formulated and statistical methods namely Crosskion and Chi-square?) test, integrated in

computer package, SPSS 16.0, analysed crash daile. 8kbss-tabulation assessed split of crash
injuries in road safety factors, Chi-squang) (tested hypotheses for statistical significance.
Speed, BAC level, seatbelt/helmet use, road uges, tyoad user behaviour, road user gender,
road user age, vehicle type, time, day, districtident type, road geometry, surrounding, other
factors and light condition are among many cradia ¢dariables and attributes or road safety

factors identified significant to road accidents.

Based on findings and their discussions, the stahcludes that Malawi roads kill more than
injury and pedestrians, bicyclists and passengersvere vulnerable. Over-speeding is at the
core of road safety problems, followed by the grayvmotorisation and enhanced traffic mix
with high speed traffic.

With one origin of crash data, that is police, r@adidents are under-reported. Police also rarely
record seatbelt/helmet use, BAC level and behavigafety problems in bicycle drivers.

Consequently, crash risks and injury burden arelégaately assessed, policy-makers and
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decision-makers are provided with insufficient imf@tion, safety problems are partially treated

and, road safety awareness is not developed asebraccordingly.

The study proposes interventions on road safetyesssaised in findings and their discussions
and so recommend for national policy promoting weagk cycling and public transport, for

intensive road safety awareness campaigns andcpulds well as enforcement of road traffic
laws and regulations and, for capacity improvementsre-hospital, hospital and physiotherapy
care in order to minimise risk, casualty includimgeventable deaths and disability. However,
interventions should prioritise significant roadedg factors in order to maximise crash injury

reductions or crash injury reductions per unit ajgtrevention.
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CHAPTER ONE
1.0 INTRODUCTION

1.1 BACKGROUND OF THE STUDY

The role that transportation plays in society igencomplex than carrying people and goods for
proprietors. Transportation is responsible for li&ting production, distribution and
consumption of goods and services through transgadsources, knowledge and skills. This is
the economic role that transportation plays togbeiety (Sussman, 2000). Transportation also
plays social role to the society by influencing toemation, size, pattern and development of
societies and settlements. In addition, the waldivided into numerous political units which
are formed for mutual protection, economic advaesagnd development of common culture.
Transportation plays an important role in the fiordhg of such political units. Furthermore,
transportation directly or indirectly affects mawoyher areas of societal environment. The
negative effects of transportation on the enviranini® more dominating than its useful aspects
and can be categorised among others as safetyd¢ats), air pollution, noise pollution and
energy consumption (Rodrigue, 1998).

Road transport sector remains the most dangerodsumedor transportation, accounting for, on
average 90% of all transport accidents (Rodrig@88). Globally, road traffic accidents kill and
injure approximately 1.2 million and 50 million p&e respectively each year (Worley, 2006).
Despite having only 35% of the World’s vehicle ptation, developing countries account for
85-90% of all world annual road traffic deaths & of global disability adjusted life years
(DALYSs) due to road traffic injuries (SIDA, 2006; aMey, 2006). Africa is an extreme case,
despite having only 2% of the total global vehiplgpulation it accounts for 11% of all road
traffic fatalities (SIDA, 2006).

Road crash injuries remain a major global publialteproblem. Currently, global road crash
mortality risk stands at 20.95 deaths in 100,000itaats (Mortality caused by Road Traffic
Injury by Country, 2009) in addition road crashuiigs rank 11 and 9" among leading causes
of global deaths and disabilities (WHO, 2002; WdBadnk & WHO, 2004). Unless the current

crash injury trend is reversed, road traffic infisriare projected moving to third position on top
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worldwide burden of diseases in 2020 (Murray & Lpp#996; WHO, 2004; World Bank &
WHO, 2004).

Globally, pedestrians, cyclists and motorcyclists the most vulnerable road users (World Bank
& WHO, 2004). They account for almost half of a#gple killed in road traffic crashes every
year (WHO, 2009). While crash deaths and injunrekigh-income countries occur most in car
occupants, majority of road accident deaths in ilmeome countries happen in other road user
groups mainly pedestrians, cyclists, motorcyclastsl public transport passengers, followed by
drivers and children (SIDA, 2006). Young adultghe productive ages (15-44years) account for
between 50-75% of all (global) road accident de&8BA, 2006) while children under 15 years
in the developing countries share about 20% oftdked road crash fatalities and of all children
killed in 2002, 96% were from poor and emergingrexay countries (World Bank & WHO,
2004).

Road Accidents are a major public health problenMalawi too. Crash injuries ranked'®n

top ten causes of deaths in all ages in 2002 (W2002; WHO, 2006). The same, in low-income
countries, crash injuries are estimated to rdfilagong leading causes of deaths in all ages in
2020, surpassing HIV/AIDS (SIDA, 2006). Similar aalty groups (pedestrians, cyclists and
passengers) except motorcyclists are killed moeestdime with road users in productive age
group (25-44years) and males in addition privatéomeehicles lead in crash involvement and
fatality peak in rural bitumen roads (National R&safety Council of Malawi, 2007, 2008, 2009,
2010; WHO, 2011). Besides, 15.5% of all woundsté@at the Casualty Department of QECH

in Blantyre in every fortnight originate from roadcidents (Virich & Lavy, 2005).

According to statistics presented in Mortality Cadi®y Road Traffic Injury by Country (2009)
and reported in WHO (2009), Malawi has worse fatatisk (31.57) if compared to global
average status (20.95) and to most neighbouring SRDC countries for example Zambia
(17.72), Mozambique (17.94), Zimbabwe (20.41) aratsf®ana (20.96). Fatality risk counts
number of crash deaths in every 100,000 inhabitdesides, Malawi follows Ethiopia and

Uganda having the highest fatality rate worldwidacpbs & Aeron-Thomas (n.d.); Jacobs,



Aeron-Thomas & Astrop, 2000; World Bank & WHO, 200&atality rate is number of crash

deaths per 10,000 motor vehicles.

Consecutive crash data reports fault drivers fgh mnortality rate. Failure to comply traffic rules
and signs has been a major challenge for mostrdrisech that over-speeding claims more
deaths and injuries, followed by careless overg@kiailure by drivers to keep onto the left when
driving or not give way or deliberately ignoringafic signs and drunken driving (NRSCM,
2007, 2008, 2009, 2010).

Road safety in Malawi is under performance of saiverganizations but major agencies include
NRSCM, TP, RTD, RA, RFA, LC and MOT&PI. NRSCM infarand educate the public on
road safety in addition carry out crash data amalydile TP record crash data, enforce road
safety laws and rescue crash victims. RTD registetor vehicles, inspect vehicles, test and
licence drivers besides regulate public and freiglmsport sectors while LC set and enforce
traffic bylaws. RA supervises designs, construgtimhabilitation and maintenance of roads
while RFA fund road projects including some for dosafety. MOT&PI provide political
leadership for the operation and success of Ndtibramsport Policy (2004).

Demographic population for Malawi by the end of 200as estimated at 14 million people
(Population Division of the Department of Econoraitd Social Affairs of the United Nations
Secretariat, 2007) while total number of registemsator vehicles by the end of the same year
was about 130,000 and with class split of salod@8b, light commercial vehicles: 30%, trucks:
16%, motor cycles: 8% and buses: 5% (WHO, 2011).

1.2 CONCEPT OF ROAD TRAFFIC ACCIDENTS

In road traffic, the safety outcome can be desdribehree dimensions namely exposure, crash
and consequence or outcome of injury (Figure L.ZEVery road accident undergoes a risk
process involving the three dimensions mentioneavatand each phase has own risk factors
that influence occurrence (Figure 1.2.2). Howewer single road traffic accident is influenced
by a single risk factor (World Bank & WHO, 2004).
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Figure 1.2.1: Three Dimensions Affecting Road Saf&ource:Elvic & Vaa, 2004; Nilsson,
2002, 2004.

Exposure is the amount of traffic or travel madedifferent road users and trips are generated
by social and economic demands. As motorisationvgrexposure to risk crash involvement
increase too. When a crash occurs, the outcomher @n injury or not. As for an injury, it can
be either fatal or non-fatal. However, with pooe{mospital care and medical treatment, non-

fatal injuries may also lead to death.

Economic factors, demographic factors, land use raad function are major contributors to
exposure (World Bank & WHO, 2004).

When road users travel for their mobility demandgerface with motor vehicles and are thus
exposed to road accidents. Global wealth and haldehcome controls motorisation then
exposure to risk too. Motorisation rate rise withame (Kopits; Cropper & World Bank, 2003)

correspondingly growth in global wealth and housghthncome increased also vehicle
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population. But, the growing number of motor vebsctontributed to an increase in global road
crash injuries (World Bank & WHO, 2004). Apart froBmeed (1949) was first to demonstrate
the relationship between fatality rates and mo#tbios, many studies followed and found the
same. Likewise, with an increase in household ireofamily travel demands along with trip

production step up and exposure to risk road antsdeo.

Different groups of people have different exposuoessk (World Bank & WHO, 2004). Young

drivers and riders dominate per capita vehicle agéetravel on social trips and lead to high
exposure to risk crash injuries. The same with goadult road users, they travel more for
economic activities outside home or farm and ates tmore exposed to road accidents (SIDA,
2006). Besides, rapid urbanisation of demographécraotorisation which is widespread in low-

income countries expose a larger population to ezadtients.

With sprawled and rarely mixed residential, workysimess and social (schools, health)
attractions, travel is dependent on car and leahtmcrease in per capita vehicle ownership and
mileage travel as well as exposure to road accdéntaddition, high presence of motorised

traffic in residential plots increases vulneragilit pedestrians and cyclists, mainly children.

Most urban roads mainly in Africa cities are noedi$or their designated function (de Langen et
al., 2006). Minibuses, delivery vans and heavyksuoften violate access and speed limits in
residential plots worse traffic mix with high spegdffic in major arteries of low-income

countries and both set-ups lead to high vulnetgbili on-foot and pedal road users.

Social, technical and environmental risk factof&ience crash involvement.

Inappropriate or excessive driving speed, undduenice of alcohol and drugs, fatigue, poor

vision, vulnerable road users and young driversamee of social risk factors.

Saving travel time is a common norm in transpoxténer attracts over-speeding. At high speed

the vehicle becomes difficult to handle and may iewal a crash (de Langen et al., 2006).

Globally, young drivers have higher crash risk tlodgter drivers (Mayhew, Simpson & Traffic

Injury Research Foundation of Canada, 1990) and caash injury is a leading cause of death in
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young drivers and riders (Peden, McGee, & Krug, Z200WHO, 2002). Young age and
inexperience is at the core of crash injury prold€lvic and Vaa, 2004; World Bank & WHO,
2004) and factors to that include late night drideiying a borrowed vehicle he/she is not
knowledgeable, drunken driving, use of drugs amdrdy for fun and thrill. Studies by Williams
(2003) found night time drive-risk among drivereedd@0 to 44 years is four times higher than
daytime risk. Young drivers have greater alcohek rioo because of being less tolerant to
alcohol compared to older drivers and driving fan fand thrill risks over-speeding while a
borrowed vehicle requires a learning curve on asitwhich affect driving ability and safety in

most inexperienced drivers.

Crash risk enlarges with an increase in BAC lelxeivers and motorcyclists with any level of
BAC greater than zero are at higher risks of cthah whose BAC level is zero (World Bank &
WHO, 2004). For example, risk of crash involvemisnt.83 times greater at a BAC of 0.05g/dl
than at a BAC of zero (McLean & Holubowycz, 1980).EU, while a small percentage of
drivers drive with excess alcohol, they are respmador at least 20% of the serious and fatal
traffic injuries (European Transport Safety Coun2D01). Alcohol affects driving ability and
safety. Drivers under influence often violate tiafiiles.

Alcohol is a safety problem in pedestrians too (WHZD04). At BAC levels above 0.1g/dl,
pedestrians have significant risk of fatality redatto zero alcohol (Clayton, Colgan &
Tunbridge, 2000). Incorrect judgement of vehicl@rapch speed, crossing the road carelessly

and mixing with motor traffic dangerously are ceedety problems of drunken pedestrians.

Fatigued drivers sleep while driving and often lashicle control. Fatigue or sleepiness in
driver builds up from sleep deprivation, sicknesd &redness. Young age (up to 25 years), old
age (over 50 years), gender (males), shift workglbaul drive, medical condition, alcohol
consumption and long drive without rest and sleepcare factors of fatigue or sleepiness in
drivers (Hartley, Arnold & Murdoch University, 1996Young inexperienced drivers often tire
soon when driving while old age associates withybewdakness and tiredness because of poor

health the same with alcohol or drug. Shift woknd haul and male drivers deprive sleeping



which is a cause of tiredness and sleep-drivinghem. Male drivers like driving for a long
distance without rest and sleep.

Drivers with poor eye sight often miss traffic ssgthus act contrary to posted command,
regulation and information. Risk is greater in jimes/intersections, pedestrian crossing,

keeping lane and following distance.

In low-income countries, pedestrians and ridersnawee vulnerable to crash injuries. Traffic mix
with high speed traffic (Tiwari, Mohan & Fazio, 18%nd poor lighting in night as they are not
seen by traffic (World Bank and WHO, 2004) risk ema@asualties in them. Lack of access to
retro-reflective equipment, absence of bicycle Iditipent and use of darkly coloured bicycle
helmets are factors for not seen by motor traffipoor or zero visibility and accelerate already
unsafe conditions (European Transport Safety Cou2@d0; World Bank & WHO, 2004).

Technical risk factors are vehicle defects, poadrdesigns and pavement defects.

Vehicle defects enhance vehicle factors to crasiolwement. Faulty brakes, worn out/burst
tyres, defective suspension/steering systems dretaffect vehicle stability and control while

faulty headlights reduce driver visibility at night dazzle other road users.

In developing countries, to minimise constructi@sts, road designs regularly neglect safety
features such as traffic calming measures, safegpean crossings and separate paths for
vulnerable road users. Consequently, pedestriadsbaryclists risk mixing with high speed
traffic (Tiwari, Mohan & Fazio, 1998).

Pavement defect factors such as potholes, cut edgb®orn out surfacing material increase risk
to crash. A big pothole is likely to impact a halars vehicle defect such as tyre burst or make
vehicle suspension resonate leading to vehicle tmsdrol. While, worn out surfaces are

predominantly slippery which affect traction andking efficiency.

Environmental risk factors affect vehicle stabiland control, and driver fore-sight visibility.

Wet earth surface is usually slippery the same wi#t and worn out bitumen surface but



slippery condition reduces traction and brakingcegficy. While, poor visibility in darkness, fog

and dust lead to road users not had seen eachpostbeto crash involvement.

Crash involvement may impact injuries to car occupeaor people outside the car or both.
Severity depends on crash speed, vehicle crashwes) protective devices available in the

vehicle, use of safety helmets and roadside objects

Speed of the vehicle is at the core of the craghmyirproblem (World Bank & WHO, 2004). The

probability of a crash involving injury is propastial to square of speedMvhile serious injury

is cube —V and fatal is fourth power-V/(Nilsson, 1982; Nilsson, 1997; World Bank & WHO,
2004). With advanced engine technology, modern clehiaccelerate to high speeds within
shortest travel distance. Besides, speed is atcohe of safety problems in good/fair road

condition, drunken driving, drug use and young pexience drivers.

For car occupants in a crash with an impact sp&8@ &m/h, the likelihood of death is 20 times

what it would have been at impact speed of 32 Kfimburance Institute for Highway Safety,

1987; World Bank & WHO, 2004). Similarly, pedesisahave a 90% chance of surviving car
crashes at 30Km/h or below but less than a 50%oghahsurviving impacts at 45Km/h or above
(Ashton and Mackay, 1983; Pasanen, 1991; World BentkWHO, 2004).

Car occupants, unlike pedestrians, motorcyclistd hityclists, are protected by car hood.

Crashworthiness is the ability for a car body/hdodesist extreme deformation at high crash
impact. For better safety of car occupants, crasforchation should hardly extend into car

interior and is achieved by reinforcing doors pameériors, chassis frames and joints, roof

hardtops and hardtop support pillars. However, pants in cars manufactured before 1984 have
approximately three times the risk of a car craghry compared with occupants of newer

vehicles (Blows, 2003; World Bank & WHO, 2004).

Seatbelts and air bags are the core protectiveee®\available in vehicle interior. Air bags are
caution balloons activated by crash impact. Se@tbiélworn, restrain body shift while air bags,

when activated, prevent car occupants collidindnwsilid interiors or fixtures. Without air bags,



crash victims impact fatal head and chest injuriddgle non-use of seatbelt risks fatal head,

spinal cord and abdomen injuries.

Non-use of seatbelts is a major injury risk fagtocar occupants (World Bank & WHO, 2004)
and in event of road accident, car occupants @lhdo each other or against vehicle interior or
solid objects outside the vehicle if ejected. Imeor use of both adult seatbelts and child
restrains which is in substantial amount noticeatp cutback their potential to reduce injury
(Koch, Medgyesi & Landry, 1995; Schoon, HeijkamgH&ijskens, 1992; World Bank & WHO,
2004). The same with safety helmet use in ridemhatiorcycle and bicycle, if not used, lead to

fatal head injuries.

Loose objects and sharp or rough edge car intenguact non-crash injuries. In event of crash,
sharp or rough interiors can pierce or bruise caupants while loose objects, if catapulted by

crash momentum, may cause severe injury on capaots.

Solid roadside hazards such as road furniture ez tcontribute between 18% and 45% of
global fatal crashes (Forgiving Roadsides, 199&eHKen, South Australia & NHMRC Road
Accident Research Unit, 1999). When crashed irdtigd soadside objects can impact non-crash

injuries from hitting and piercing, and crash inggrfrom gravitational force.

Risk factors influencing severity of post-crastuimgs include delay in detecting crash, presence
of fire resulting from crash, leakage of hazardmagerials, presence of alcohol and other drugs,
difficulty evacuating and extracting people fromashmed vehicles, difficulty evacuating
passengers from buses and coaches involved in, deashof pre-hospital care and lack of care
in the hospital emergency rooms (World Bank & WFO004).

Evacuation, emergency trauma or pre-hospital ¢argpital care and rehabilitation follow crash
involvement. In both developed and developing coesit vast majority of deaths occur in the
pre-hospital phase and slightly reduces for th@tepts taken to hospital (Moch, Jurkovich, nii-
Amon-Kotei, Arreola-Risa, & Maier, 1998; World BagdkWHO, 2004).



Crashes involved during night or in remote locati@me regularly detected and reported late.
The delay is longer when crash vehicle ditchesnaisento the bush leaving behind no trace of
crash occurrence. Poor communication link betweashcscene and emergency rescue provider
delays reporting and response too. But, delaymske preventable deaths because of late access

to emergency trauma care.

Leaking fuel or flammable hazardous materials, wégmosed to electric spark or exhaust heat,
ablaze the crash vehicle including the scene |gatdirfatalities of fire and casualty increases if
crash victims are trapped or rescue time is limigekides, direct exposure to some hazardous

materials impact death or injury.

In low-income countries, lack of equipment and etipe delays extraction of crash victims

which affects golden hour. Golden hour is the fiysur of the post-crash phase in which crash
victims must access pre-hospital care otherwisggmtable deaths increase. Stampede delays
evacuation in buses and coaches involved in a ceastpassengers scramble for narrow

emergency exits and stampede severe crash injuries.

In low-income countries, access to emergency medaaices is generally poor. Evacuation of
crash victims is mostly by on-lookers, relativetyav motorists and police instead of emergency
rescue specialists (Forjuoh, Friedman, Mock & Qahnsl999). Worse, private vehicles not
emergency rescue ambulances or designated resbiseseare largely used for transporting
crash victims to hospitals. Evidently, an Africaiudy conducted in Kenya found police and
hospital ambulances evacuated only 5.5% and 2.9%talf crash victims (Nantulya & Reich,
2002). As a result, non-fatal injuries kill becawdeinprofessional handling of crash injuries and

lack of pre-medical care.

With critical shortage of trauma specialists andipapent, crash victims do not receive adequate
emergency trauma care. In low-income countriesintia victims are treated predominantly by
general practitioners and nursing staff who lacknf@ training in trauma handling. Besides,
health staff levels do not match with the demandwsh emergency trauma rooms like other

health rooms are overloaded with patients.
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Inadequate number of surgeons and equipment dataygency life saving procedures such as
surgery. In the late 1980s, Africa had 0.5 surgaansvery 100,000 inhabitants (MacGowan,
1987). With this poor ratio, a study of 2,000 trauadmissions in the main hospital of Kumasi in
Ghana found a mean 12-hour delay before the statmergency surgery (Moch, Nii-Amon-
Kotei & Maier, 1997). Another study in Ghana hoalsitby the same researcher found low rates
of usage of key equipment though it was becaugp®aif organisation not cost. Similar to Ghana,
most African hospitals lack essential low-cost aedsable equipment such as chest tubes and

airway cleaners which probable is among core faatbhigh fatality in post-crash phase.

1.3 PROBLEM STATEMENT / BURDEN OF CRASH INJURIES IN MAL AWI

Road accidents impact vast human capital cost. WMataads claim more deaths in every
100,000 inhabitants compared to most neighbourimy SADC countries, and global average
fatality risk (Mortality Caused by Road Traffic imy by Country, 2009; WHO, 2009). Besides,
crash injuries rank"™position on top ten causes of deaths in all agés@®, 2002; WHO, 2006)
and are projected to move to third position amaagling causes of deaths in all ages in 2020,
surpassing HIV/AIDS (SIDA, 2006). Among killed orsdbled are engineers, doctors, nurses,
scientists, technicians, agriculturist, teacherd ather professionals. While human resource is
already scarce, further losses to road accidenthghe shortfall to extreme and replacement is

not easy as takes years and huge resources t@tsaigle professional.

With high fatality risk of 31.57 deaths in every0JQ00 Malawi inhabitants, more families are
traumatised. A large population live with permanpain, grief and suffering because of losing
their loved ones or they have survived crash iegutbut are disabled therefore can not live
normal life again in addition plight of orphans egebated with more families become poor
(SIDA, 2006). Sooner after a parent or guardiannigainale family member is killed, family

plunges into poverty. Males are generally breachets of their families (SIDA, 2006).

Apart from huge human capital loss, road accideaitlts consume massive financial resources
(Jacobs & Aeron-Thomas, n.d.). According to Ovessé&xevelopment Administration &

Transport Research Laboratory (1995), annual cbsbad accidents for Malawi is about 5
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percent of her GDP. For example, in 2010, with GERJS$5.2 billion (World Bank, 2010),

Malawi lost approximately US$256 million to roadcatents. The cost was incurred in
unplanned health delivery services including fuheapital re-investment or premature
replacement of damaged vehicles and road infrasties; insurance claims on life and property

loss and others.

Notably, nearly all new road crash trauma patiemésreferred to government hospitals. Public
hospitals become a priority may be because cligienlices are on cost free or the public believe
government hospitals offer better emergency trawaee. But, with already diminishing
resources in public institutions since Malawi isopahis unplanned expenditure and workload
burden the public health service. Apart from ovading the workforce due to chronic shortage
of health staff (von Bothmer, 2009'SO Programme Area Summary, 2010) also contribiates
persistent short supply of drugs in public hospital

Economical loss is remarkable in the tourism industo. Alerts by foreign governments like
that of British Foreign and Commonwealth Office 12D to their nationals about poor road
safety in Malawi scares potential cross-boarder awerseas visitors to Malawi and affects
income from tourism.

1.4 JUSTIFICATION OR IMPORTANCE OF THE STUDY

The study target remarkable road crash injury redog besides economic gain. With less
human cost and fewer injuries, smaller number wiilfas shall live with poverty, pain, grief and
suffering as well as less burden in hospitals aodsaholds. Gain in GDP can be used for,
example, purchasing learning materials sufficieort the free primary education. With fewer
alerts, more visitors are to travel to Malawi leagito boost in tourism along with GDP in

transport and tourism industry.
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1.5 RESEARCH OBJECTIVES

1.5.1 Main Objective
* To analyse road traffic accidents in Malawi. Thedst follows WHO call for Member

States to address road safety problems in thepeotise countries (World Bank &
WHO, 2004).

1.5.2 Specific Objectives
* To identify factors contribute to road traffic adents in Malawi.
* To investigate risks associated with road trafticidents in Malawi.

 To assess countermeasures that can contributduotien of road accidents in Malawi.
1.5.3 Research Questions

Road accidents are preventable. Evidently, higbsime countries have achieved significant
crash injury reductions despite higher motorisatibmlong term, with tactical and strategic
interventions, crash injury trend in low-income otries can reverse or slow down too. With this
vision, the author believes setting and findingusohs to under-listed research questions
probable can maximise crash injury reductions @slerinjury reductions per unit cost of
intervention in Malawi. Hence, following researalegtions:

*  Which are the significant risk factors of crashuiyj?

*  What are countermeasures to the significant ristofa?

*  How to maximise crash injury reductions?

1.6 SCOPE AND LIMITATION

The study looks at the broad overview of road asaisl in Malawi and the empirical analysis of
crash data limits to assessment of risks and buofiemash injuries. For the appraisal of true
road safety situation in Malawi, the study opt fioe analysis of a large sample probable a full

year crash data. But, handling a large samplernsally tedious.
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1.7 RESEARCH DIRECTION

This is a case study aim to assess true risks ardeb of crash injuries in Malawi. Since very
little is written about road safety in Malawi, litgure review on road safety shall dwell mainly

on policies, legislative laws and regulations, apkration philosophy in core road safety
agencies.

A secondary sourced data of road traffic accidémtshe year 2010 to be sampled from the
database managed by NRSCM and to undergo empanedysis. Independent variables of crash
data to cross-tabulate with crash injury while hyyeses developed from key variables of crash
data to be tested for statistical significance.sS#@abulation to come up with crash injury split in

road safety factors while hypothesis testing taniidg core safety factors.

Lastly, to interpret statistical findings of theugdy followed by discussion of significant results
and making conclusions based on significant finglirfiginally, to propose interventions to core
risk factors identified in the test. Any literatuosed in the study to be listed in the reference

section while support documents to be attachekdrappendices.
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CHAPTER TWO
2.0 LITERATURE REVIEW ON ROAD SAFETY

2.1 INTRODUCTION

Road crash injuries are a global public health lemmband the crisis is critical in low-income
countries. The growing concern of road accidentglobal public health has influenced many
researchers to write on road safety risks, burdeorash injuries, accidents cost on national
GDP, prevention, crash injury projection and mathecs. However, very little is written about
road safety in Malawi. For this reason, literatteeiew on road safety dwell mainly on policies,

legislative laws and regulations, and operatiomogbphy in core road safety agencies.

2.2 DISCUSSIONS

While RSPIs preview road safety and aid in settirggsh injury reductions, only seatbelt use rate
(45%) and crash data indicators are made knownMalawi (WHO, 2011). But, seatbelt
wearing rate (45%) is questionerable as data sasmet available (WHO, 2011) and does not

specify whether 45% wearing compliance is for caupants in all vehicle classes.

Key RSPIs are crash data also known as direct R8RIsisk factors commonly called indirect

RSPIs. Direct RSPIs include total number of crastegal fatal accidents, total injury accidents,

total fatalities and total severe injuries whilergetage of examined drivers above permitted
blood alcohol limit, percentage of cars above speeit, percentage of cars not stopping at stop
sign, percentage of cars running red light, pesgntof car occupants wearing safety belts,
percentage of children sitting in children constraeat, percentage of motorcyclists wearing
helmets and percentage of bicyclists wearing hedlrae¢ indirect RSPIs (European Transport
Safety Council, 2001; Svensson, 2007; Varhelyi, 2200

Casual link exists between indirect RSPIs (riskdes) and direct RSPIs (crash data). Since only
that is measured is controlled, interventions oadrgsafety is never precise without indirect
RSPIs hence a few or nil crash injury reductionsta®vn in Table 2.2.1. It is possible minor

threats are ones accorded with attention and resquiority.
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Table 2.2.1: Road Accidents Trend

Category Number of Victims

2007 2008 2009 2010
Crashes 4473 3174 2824 2540
Killed 902 974 1013 976
Serious Injured 764 773 742 864
Minor Injured 2190 1470 1431 1479

Source: National Road Safety Council of Malawi, 202008, 2009, 2010.

Speed of the vehicle is at the core of crash inpmblems (World Bank and WHO, 2004). To
curtail over-speeding and its greater share onhchgsiries, TP regularly perform speed spot
checks using speed guns. Despite speed camerazrizdal and injury crashes by 6% in rural
area (Elvik & Vaa, 2004), they are in very shomly as a result their impact on road safety is
negligible. Use of visible single, stationary peligehicle on high risk stretches mainly in rural
can compliment speed guns. The strategy seem ffesthge and Leggett, Transport Tasmania
& Australian Road Research Board (1988) found redsgeeding behaviour, overall average

speed and, serious and fatal crashes.

Seatbelt use law is not mandatory to all vehicleegaries as trucks, buses, minibuses and
tractors are exempted likewise use of child sestram and helmet use in bicyclists are not
regulated despite higher fatality in them (Roadfficadct, 1997). But, non-use of seatbelt in car
occupants more than doubles the risk of crashieguwhile non-use of crash helmets in two-
wheeler users almost doubles the risk of crashrigguand non-use of child seat restraint more
than doubles the risk of crash injuries in child(@®¥orld Bank and WHO, 2004). When used,
seatbelts reduce risk of serious and fatal injyrypétween 40% and 65% (World Bank & WHO,
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2004) while bicycle helmet use reduce risk of haad brain injuries by between 63% and 88%
(Thompson, Rivara & Thompson, 1996) and safetysskatchildren passenger in cars minimise
infant deaths in cars by about 71% and deaths @il sthildren by 54% (National Highway
Traffic Safety Administration, 2002).

NRSCM perform descriptive analysis of crash datmgiexcel computer package (National
Road Safety Council of Malawi, 2007, 2008, 20091 @0 Frequency diagrams, bar charts, pie
charts and histograms are constructed describegiftribution of crash injuries. However, with
excel package, NRSCM can hardly determine theioelship between two road safety factors on
crash injury or test more than two variables ot fi@sstatistical significance hence motivated for
this study. In this study, crash data analysisyiSBSS and statistical methods namely Cross-
tabulation and Chi-squarg’( are used to test more than two variables and iexathe causal
relationship between or amongst road safety feg€ta(d crash injury respective thus having

better insight of risks and burden of crash ingiiie Malawi.

Malawi follows Ethiopia and Uganda having highesbbgl fatality rate (Jacobs & Aeron-
Thomas, n.d.; Jacobs, Aeron-Thomas & Astrop, 20B@wever, if motorisation is critically
analysed, Malawi probable leads, surpassing Ethiapd Uganda. For instance, in 2007, based
on 839 (for data error = 3614) fatalities and 180,0cenced vehicles (WHO, 2011), fatality rate
was 278 deaths in every motorisation of 10,000 aleki(Mortality Caused by Road Traffic
Injury by Country, 2009). However, number of 13@0&hicles was the total population since
start of e-database. May be unlike Ethiopia andndga Malawi is largely importing and
registering used vehicles (MALTIS, 2000). But, useshicles are old so they have more
technical defects and shorter life span (Elvic &ya004). For this reason, actual motorisation
must have been far below reported volume of 130y@blcles evidently number plates licenced
about five or more years ago are rarely seen onoée Thus, may be true fatality rate exceeds
278 deaths per 10,000 vehicles and that of EthimpiaUganda respective.

Similar to fatality rate, fatality risk (31.57 déaf100,000 people) is probable higher than
recorded and reported. Studies from a number ofitces have shown wide variation between
police statistics and other sources (Jacobs, Ag&hmmas & Astrop, 2000; Mackay, 2003;
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World Bank & WHO, 2004). For example, in the Phplipes only one of the five medically
reported road deaths were included in Police sizdigWHO, 1996). Similarly, in China, the
Beijing Research Institute of Traffic Engineeringtimated that the actual number of people
killed in road accidents in 1994 was over 40% gre#than reported officially by the police
(Liren, 1996). Besides, in developing countriespis of margin for those numbers reported by
Police were found to be between 25% and 50% (Gpriiteomas & Reddi, 2000; Jacobs,
Aeron-Thomas & Astrop, 2000; World Bank & WHO, 200€orrespondingly, police is under-
reporting crashes and fatalities in Malawi. Withstinreliable data, the public, stakeholders,
policy makers and decision makers (MOT&PI) and nmaional partners (World Bank, WHO
and others) are misinformed on the burden of cirgshies while priorities for road traffic injury
prevention can hardly be rationally or satisfactdstermined (World Bank & WHO, 2004).
Nevertheless, reliability and quality of data campiove if police statistics are verified with
entries from other sources such as hospital, inseracompanies and other government
departments (World Bank & WHO, 2004).

While fatality globally and in developing countriemad in pedestrians, cyclists, motorcyclists
and public transport passengers (SIDA, 2006; WH@M42, similar road user groups except
motorcyclists are killed more in Malawi (Nationab& Safety Council of Malawi, 2007, 2008,
2009, 2010; WHO, 2011). Save for high complianchamet wearing and use of headlights in
daytime has improved road safety in motorcycli€tsrrespondingly, casualty in pedestrians,

bicyclists and passengers can lessen if their safety performance indicators improve.

Hostile insurance policies are sinking many cragttinas and their families into extreme
poverty. Despite high casualty in minibus transgblational Road Safety Council of Malawi,
2007, 2008, 2009, 2010) minibuses are restrictethitd party insurance policy cover. Old
vehicles also are limited to third party insurammicy cover. Since imported used vehicles
dominate licencing (MALTIS, 2000), majority vehislare old and covered with third party
insurance policy. But, third party insurance premsuare very low per se crash victims or their
families are compensated with very little moneyedtr without compensation for the injury, loss
of life and property (SIDA, 2006). With this meaangpensation, crash victims can not afford

good medical care consequently fatalities and digab increase (SIDA, 2006). Worse, the
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little compensation rarely reaches the real bersefes as fraud is deeply rooted in the insurance
industry. Habitually, crooks claim damages withting knowledge and authority of crash victims

or their families.

BAC legal limit for general population in Malawi &08g/dl or 0.8g/l (Road Traffic Act, 1997,
WHO, 2011). But, driving under influence of alcolmabst likely increases risk of road accidents
more than any other forms of traffic violation (EEN& Vaa, 2004) and drivers or motorcyclists
with any level of BAC greater than zero are at bighisks of crash than whose BAC level is
zero (World Bank & WHO, 2004). For example, thekrig crash involvement was found to be
1.83 times greater at a BAC level of 0.05¢g/dl thetha BAC level of zero (McLean &
Holubowycz, 1980) and the risk of crash is abo8ttines greater at BAC level of 0.08g/dl than
at zero BAC (Compton et al., 2002; Moskowitz et &002; World Bank & WHO, 2004).
Therefore, allowing BAC level of 0.08g/dl is extrerhazardous. Epidemiological research also
does not support a legal limit for BAC level ab@&:65g/dl (European Transport Safety Council,
2001).

BAC legal limit for young or novice drivers alsoas 0.08g/dl (Road Traffic Act, 1997; WHO,
2011). But, young inexperienced drivers also havegaer risk of accident involvement after
drinking alcohol (European Transport Safety Coyng001). Since young drivers are less
tolerant to alcohol than old drivers, crash riskisto increase substantially at lower BAC level
than old experienced drivers (World Bank & WHO, 200For example, Mathijssen (1998)
found young inexperienced drivers with BAC level @D5g/dl have 2.5 times risk of crash
involvement compared with more experienced drieerd Keall, Frith & Patterson (2004) found
teenage drivers with a BAC level of 0.03g/d cargyiwo or more passengers were 34 times
more at risk of crash than drivers aged 30 or matk zero BAC level. But, 0.08g/dl is well
above 0.05g/dl and 0.03g/d clearly 0.08g/dl hdsmsich above 2.5 times and 34 times. For this
reason, setting BAC legal limit for young or novidavers at 0.08g/dl is extreme risky and
shocking but if revised to 0.02g/dl can reduce leeaetween 4% and 24% (Shults et al., 2001).

Majority Commonwealth countries including Malawimdar to United Kingdom, their colonial
master, allow BAC legal limit of 0.08g/dl for gemaépopulation (World Bank & WHO, 2004).
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Surely, choice for that did not base on alcohoétgaproblems in their countries but plagiarism
from United Kingdom, their mentor. Regrettably, mo&these countries have poor road safety
as indicated in Mortality Caused by Road Traffity by Country (2009) & WHO (2009) and
probable hazardous BAC legal limit (0.08g/dl) isae safety problem. However, unlike other
Commonwealth Member States, United Kingdom comniseiter road safety (6.37 fatalities per
100,000 inhabitants) worldwide (Mortality Caused Rgad Traffic Injury by Country, 2009;
WHO, 2009). Improvements in enforcement of traffites on drunken driving and connected
violations along with better road designs possippress the negative impact of hazardous
BAC legal limit of 0.08g/dl in the United Kingdom.

As explained in the Section 1.1, Malawi has po@dresafety compared to most countries in
SADC (Mortality Caused by Road Traffic Injury by @dry, 2009; WHO, 2009). While road
safety bureaus or agencies in most countries ane-agonomous (with minimal government
hand) and under single significant authority, alagency, major road safety agencies in Malawi
are under full government control (are governmegpastments) besides report to different
government ministries. With this complexity, polmaking and decision-making is normally
slow because of bureaucratic nature of administnatn government besides agencies lack
common priority, commitment and responsibility asle and every arm of road safety has own

challenges and priorities. Thus, fragmented institial framework affects road safety.

With fragmented institutional framework, road sgfatvareness campaigns and publicity does
not balance with abating road safety as it is edrmut in isolation of legislation and law
enforcement therefore does not deliver tangible sustained reductions in deaths and serious
injuries (Trinca et al., 1988; O'Neill, Mohan, Bmredoonstra, Mackay, Roberts & Ryan, 2002).
However, effective only in changing behaviour mgim pedestrian and cycle education for
school children (Duperrex, Roberts & Bunn, 2002).

Without curriculum and instruction manual, driveaihing lack official reference for knowledge.
Since driver training depends on mentorship, toitinadequate and inconsistence. As a result,
despite enrolling with driving schools which is erded, drivers graduate more like informal

drivers hence hazardous. Informal drivers might ehaood driving skills but lack good
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knowledge and a good understanding of risk (Elviv&a, 2004). A number of studies done in
high-income countries (USA, UK, Sweden, Finlandstalia and New Zealand) cited in Elvic
& Vaa (2004), their combined results also found: tthi@vers who have not undergone formal
training have 2% more accidents per driver thamedsi who have undertaken formal training.

Feasible, risk is greater than 2% in low-incomentoes.

Driving test too suits for informal drivers as omlgiving skills with oral knowledge of Highway
Code is assessed. But, basic driver training ialigéntended to give new drivers the knowledge
and skills they need to drive safely (Elvic & V&§04). Thus, without theory test in addition
lacking driver training manual, driver graduateskl&anowledge required to balance safe driving.
Though studies have shown drivers who take a thiestyhave exactly the same accident rate as
drivers who do not take a theory test (Elvic & Vaap4; McKnight & Edwards, 1982; Stoke,
1979, 1980; Stock et al., 1983), experiments wargez out in USA obvious sample drivers had
basic knowledge acquired from state or private idgvschools. But, if similar studies were
carried out on driver samples with and without bdsiowledge or training, the later sample,

though pass skill test, is likely to have highecident rates.

Examiners who graduate drivers also lack formahitng and driving test criteria is not detailed
or provided. Similar with driver training, drivek@miner training base on mentorship knowledge
and skill but not all mentors have the same atte®and apply to examiners too. For this reason,
examination of driving test is not standardised ardminers coached by mentors with lower
persona are likely to graduate and licence driveiis lower skills who are perilous to other road

users.

Health requirements for drivers have been ignoredpie regulated in Road Traffic Act:
Regulations (2000). Drivers are licenced withoutnfal medical check-up on main health
requirements such as sight, hearing, epilepsy aadit lliseases, diabetes, high blood pressure,
alcohol and drug addict, mental illness, temperamenomotion and others. But, drivers who
do not fulfil health requirements have higher aentdrates than drivers who fulfil (Elvic & Vaa,
2004). Studies by various authors cited in Elvicv&a (2004) also found effects or risks of
different illnesses and health problems on drivemident rates were more than 1.0 in average
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while standard risk for a healthy driver is 1.0. dlmubt, many drivers amid health risks greater
than 1.0 are licenced. Health risk is greater depdrivers since old age is linked with diseases

including sight problem.

Roadside surveys of vehicles in general show thdgrovehicles have more technical defects
than newer vehicles (Elvic & Vaa, 2004). A study passenger cars in Norway also found
number of defects per vehicle increases from leas L for vehicles less than 4 years old to
more than 5.5 for vehicles 13 years old or morevi(EE Vaa, 2004). With used vehicles
dominating new vehicle registration in Malawi (MALS, 2000), majority vehicle population is

old and with more technical defects.

Periodic motor vehicle inspection for road wortlases another road safety concern in Malawi.
Despite vehicle defects have negligible influencecnash and injury (National Road Safety
Council of Malawi, 2007, 2008, 2009, 2010) supedrby other studies also found in general no
evidence that periodic motor vehicle inspectiorttioe crash rates except in commercial heavy
vehicles where brake failure is acknowledged rikknés & Stein, 1989; World Bank & WHO,
2004), with only four inspection pits available inatvide against a population of over 300,000
vehicles, many vehicles apply on public roads withandergo COF examination. But, vehicles

that miss periodic inspections are usually not waathy and risk more vehicle factors.

Vehicle examination too is only by feel of touchdawisual inspection. Unless assisted by
equipments, precision to certify inspected vehiotenponents and systems such as brakes,
steering, suspension, headlights and others wyhescribed safe limits or standards is hardly
achieved. As such, vehicles with component wearsattings outer prescribed safe limits also

pass periodic inspection and drive on public rdadsisk more vehicle factors.

Without formal and publicly available pre-hospitare system and lack of national universal
access or call number (WHO, 2011), similar to regeéindings by Moch, Jurkovich, nii-Amon-
Kotei, Arreola-Risa, & Maier (1998), vast majoritf crash deaths occur in the pre-hospital
phase. With no public call centres and emergendly neambers in police, hospital and fire
service, crashes are often reported late whichydedéso evacuation and pre-hospital care, and

risk more preventable deaths. Police have emergealtyyumbers such as 997, 990 and others

22



however you can hardly be connected through nowsadawpddition the facility is available in
cities only. Even if rescue call request reachgeotr hospital in time, response is generally slow

because of lack of transport.

Delay is much longer in rural correspondingly fayals high. Besides rural areas lack call
services, immediate vehicle to transport crashim(s) to hospital is often not available because
of low vehicular traffic and health services aregmlly many kilometres apart for this reason

crash victims access emergency trauma care very lat

In Malawi, similar to findings by Forjuoh, FriedmaMock & Quansah (1999), on-lookers,
relatives and other motorists often evacuate cvadims. Delay response generally by police,
hospital and fire along with national culture ofrgyathising with and readiness to offer help to
colleagues in problems and pain believed sourgeubfic involvement in evacuation of crash
victims. Worse, similar to Nantulya (2002) findingsKenya, crash victims on way to hospital
are transported largely in vehicles of other matsrbther than police and hospital ambulances.
In related development, despite police is respdaddr rescuing crash victims, own only two
ambulances then evacuation by police also is commgeneral transport vehicles. Since public
lack skills in extracting victims and knowledgetiauma care, crash injuries are generally poorly
handled while non-ambulance transport lack injugitool fixtures and facilities similar to ones
fitted in emergency rescue vehicles as a resudhdrguries severe leading to high fatality in pre-
hospital phase. As recommended by Hussain & Redr(®@#4), bystanders and other motorists

can be involved in rescuing victims but restrictedhelp jobs only.

Malawi health services suffer chronic understaff(MpO Programme Area Summary, 2010).
With one doctor for every 65,000 population (vortiBoer, 2009) and one orthopaedic surgeon
to about 1,500,000 population or 0.06 orthopaedigeons per 100,000 population (Kollias,
Banza & Mkandawire, 2010; Mkandawire, Ngulube & $a2008) and only 29 (4 Malawians)
general surgeons for 14 million people or 0.2 galngmrgeons per 100,000 inhabitants (Kollias,
Banza & Mkandawire, 2010), patients have limitedess to specialist doctors and surgeons. If
Ghana, with 0.5 surgeons per 100,000 populatiossah@ean 12-hour delay before the start of

emergency surgery (Moch, Nii-Amon-Kotei & Maier, 98, delay in Malawi hospitals should
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be longer than that with 0.2 surgeons per 100,@fulations. Thus, more patients die despite
taken to the hospital and contradict with findimjdvioch, Jurkovich, nii-Amon-Kotei, Arreola-
Risa, & Maier (1998).

Road traffic injuries ranked"7among Malawi top ten causes of physical disabdityears of
life lost in all ages in 2002 (WHO, 2002; WHO, 200%/hile road traffic injuries are projected
to be & leading cause of deaths in all ages by 2020, buofigears of life lost (disability) from
crash injuries also will soar unless effective Hikey treatment is provided. But, with only one
major public disability rehabilitation centre, Kask in Blantyre, many crash injuries are not
rehabilitated adequately. Cure international alsoBlantyre is another centre of distinctive
disability healing. Though, children are treatedre¢ cost, charges for the adults are prohibitive.
Rooms for physiotherapy are available in most puhbspitals but lack human resource and

technical capacity. Like hospital care, disabiptyysiotherapy is a challenge.

Without national policies to promote walking, cydi and public transport (WHO, 2011),
travelling is much dependent on private cars. Bvige both ownership and crashes lead in
private vehicles while least in buses (MALTIS, 2p0&tional Road Safety Council of Malawi,
2007, 2008, 2009, 2010; WHO, 2011). With more gavears on road, population of basic
drivers and young inexperience drivers has incetése. But, young drivers have greater crash
risk than older drivers (Mayhew, Simpson & Traffijury Research Foundation of Canada,
1990) and road crash injury is a leading causeeaithdin young drivers and riders (Peden,
McGee, & Krug, 2002; WHO, 2002).

Walking and cycling promotion goes together withoypsion of many and good quality

sidewalks, crosswalks, paths and bicycle lanesm@it, Steele & Victoria Transport Policy
Institute, 2009). Correspondingly, without natior@dlicies to promote walking or cycling,

provisions for pedestrians and cyclists are scareehilable and majority of existing non-
motorised structures are in poor condition. Asaulte unprotected road users involuntary mix
with high speed traffic (Tiwari, Mohan & Fazio, 19

Travel in cities is mostly by driving because ofetg mixed attractions. But, if town planning

authority adopt smart growth land use policy whewaloping new residential areas, the creation
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of clustered and mixed use community services hat distances between commonly used
destinations thus curtailing the need to travel mlicing dependence on private cars as well as
exposure to risk road accidents (Litman, 2003). iSgrawth is the development of high density,
compact buildings with easily accessible servicesamenities (World Bank & WHO, 2004).

In low-income countries including Malawi, fatality leading in pedestrians (Odero, Garner &
Zwi, 1997; National Road Safety Council of Mala@)07, 2008, 2009, 2010; SIDA, 2006).

Apart from behaviour safety problems in driveradageometry designs also contribute to high
fatality rate in pedestrians. Besides traffic mikthwhigh speed traffic, the classic pedestrian
crossing design is more perilous. Since driverp sto give way for a pedestrians voluntary,
often ignore right of way for pedestrians. Whersedi or with chicanes, kills vehicle approach
speed (Johansson & Svenska kommtmiodet, 1993). Drivers are forced to reduce apgroa

speed otherwise the ride becomes rough causingrdfect to car occupants and may impact
damages to the vehicle. At low crash speed, fomgka 30Km/h or below, pedestrians have a
90% chance of surviving car crashes (Ashton & MgcH®83; Pasanen, 1991; World Bank &

WHO, 2004) besides drivers slow down or stop mditenofor crossing pedestrians (Katz,

Elgrishi & Zaidel, 1975; Varhelyi, 1996).

Despite speed is at the core of safety problenssosswalks in busy places such as schools and
markets in urban, pedestrian crossings lack speetiat measures. Remedies include provision
of chicanes or raising it or split it into two withtraffic island so that pedestrians cross in two
stages. While provision of chicanes and raisingllé vehicle approach speed, a short crossing
reduce time pedestrians expose to vehicles anthasemore convenient and safer to elderly and

child pedestrians (Johansson & Svenska komritbhofalet, 1993).

Contrary to requirements, most intersections, liapss pedestrian crosswalks, residential plot
locals and high risk stretches in rural roads lablysical traffic calming measures such as
roundabouts, road narrowing, humps and chicangecésge. When used, reduce road accidents
between 15% and 80% (Institution of Highways andinBportation, 1990; Kjemtrup &
Herrstedt, 1992).
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While passengers of minibus transport and otherre@o wheeled vehicles are among leading
casualties in road accidents, buses have leadt fatdity rate (National Road Safety Council of
Malawi, 2007, 2008, 2009, 2010; WHO, 2011). Themefgromoting transit in big buses can
solve safety problems in lower buses. Howeverp iattract more investment in heavy buses,
requires incentives such as duty exemption on nesed and surtax rebate on fuel, spare parts
and tyres. With more buses, because of competitiom, fares drop while transit demand

improves.

Over-speeding is at the core of poor road safetgimbuses. Minibus drivers predominantly
compete for passengers and so often violate traffies including over-speeding. However,
minibuses can be fixed with engine governors wiliitit vehicle speed (World Bank & WHO,

2004). When used, could be valuable means of inipgovoad safety mainly in rural roads
(Afukaar, Antwi & Ofosu-Amaah, 2003).

Regulations prohibit dangerous drivers from pubbad only that lacks enforcement. Road
Traffic Act (1997) stipulates that serious offer@efommitted by a driver must be endorsed on
his/her driver licence or warrants his/her driveeihce suspended or cancelled or ordered not to
hold driver licence. Judiciary through courts issweders while RTD effect changes in driver
licence database and enforce it. Since no coudrdrdd been relayed to RTD for appropriate
action, dangerous drivers remain licenced andtare &llowed on public road and claim more

lives.

Legally, solid roadside objects need to be forgviDespite solid roadside hazards contribute
between 18% and 45% of global fatal crashes (ForgiWRoadsides, 1998; Kloeden, South
Australia & NHMRC Road Accident Research Unit, 1p8@d Ross et al. (1991) stress road
designs and networks should accommodate humanatéastics and be more forgiving if an
error is made, unforgiving solid objects mainlyegestreet light poles made of concrete or wood
and heavy billboards position close to carriagebasides they are not marked. Unless removed
or fixed at a safer distance way and marked, gsgertinent. Moving roadside obstacle away
about 5 meters reduce road accidents by aroundvizfifé between 5 metres to around 9 metres
by a further 40% (Cirillo, 1967; Elvik & Vaa, 200Zegeer et al., 1988) and removing them
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down size crashes by 2% (Corben et al., 1997). Winenked, they are more visible in night and

lead to a 23% reduction in injury accidents (Corbeal., 1997).

2.3 CONCLUSION

Based on discussions in the literature review, ssfdty has many shortfalls and risk is large in
all phases of crash involvement including exposUdess gaps and safety problems raised in
the review are revised or corrected, crash injuregsain a core economic and public health

concern.
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CHAPTER THREE
3.0 RESEARCH DESIGN AND METHODOLOGY

3.1 HYPOTHESES, CONCEPTUALISATION AND KEY VARIABLES

As stated in Section 1.2, road accidents undengetphases namely exposure, crash and injury.
Behind these phases, are factors influence théstesce or occurrence. Thus, each and every
road safety factor controls crash involvement aliévely causal relationship exists between risk
factors and road crashes. Same factors of expostash and injury are used for developing
crash database and stand for independent variableash data while crash injuries dependent
variables. Speed, BAC, road condition, surroundiaciident type, weather, road condition,
surface type, light condition, time and weekday some of key independent variables of crash
data while fatal and non-fatal injuries dependeatiables. Classification of variables is

important for developing hypotheses and testingabées.

The study came up with and tested two hypothesgsotHesis H1 tested the causal link between
road safety factor and crash severity while hypsithel2 examined the relationship between two
road safety factors and crash injury.

H1: Is the observed relationship between road safetyof and crash severity statistically
significant?

Null hypothesis (Hy): The relationship between road safety factor arabtcrseverity is not
statistically significant. Therefore, tested roadety factor has standard causal link with crash

injury.

Alternative hypothesis (H): The relationship between road safety factor amgdltiseverity is

statistically significant. Thus, road safety fadbais risk greater than normal.

H2: Is the observed relationship between two roadigddetors and crash severity statistically

significant?
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Null hypothesis (Hy): The relationship between two road safety facto Gash severity is not

statistically significant. So, tested road safetgtbrs have standard influence on each other.

Alternative hypothesis (Hy): The relationship between two road safety factard arash
severity is statistically significant. Thus, testedd safety factors have above standard influence

on each other.

3.2 MEASUREMENT ISSUES

Police is the authentic source of crash data. Whad accident happens, police fill crash details
in a prescribed form which is sent to NRSCM offides entry in the database. People and

vehicles involved are major units of measurement.

3.3 RESEARCH DESIGN

3.3.1 Research Philosophy

A Positivism Philosophy since the study adopteergdic method as a means of knowledge
generation. Hypotheses were formulated and testestablish causal link between road safety

risk factors and outcome (severity) of the crash.
3.3.2 Research Approach

A deductive research approach since involved géenprinciples as hypotheses were
formulated and tested. The essence of the studytaveest the theory that there is causal link

between road safety risk factors and outcome (g&gyef the crash.
3.3.3 Research Strategy

A case study and through empirical analysis ofttideta investigated split of crash injuries in
road safety factors and the causal link betweed sagety risk factors and outcome (severity) of

the crash.
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3.3.4 Ethic Consideration

No official support document is available and dietas UNIMA including the Polytechnic lack
policy on ethical issues. Names of crash victimd afficials involved in management of road

accidents are not disclosed besides crash datatdecord names of people.

3.4 SAMPLE DESIGN

3.4.1 Sampling Technique/Method

The sample was non-randomly selected and is the&h allata recorded from January through
December in the year 2010 by the Police though Esifpom NRSCM.

3.4.2 Sample Size

The most recent crash data was studied in ord@pfoweciate and combat latest road safety
problems. A total population of 2,472 road accidewere recorded and reported in the year
2010. So, for a population of 3,000 (close to arehtgr than 2,472), at +3% precision and 95%
confidence level, normal sample size is about 8drhél, 1992). However, with alleged 25% to

50% less reported crash data by police (JacobsprABhomas & Astrop, 2000), precise

population is hardly determined. As assumption afmal population is poor, Yamane (1967)

recommends sampling entire population. Similarsy NRSCM normally evaluate crash data of
full year, for minimal errors between the two steglithis and NRSCM), opted sampling the
entire crash population. Besides, crash data alreadts and consolidating a large sample size
is no longer much tedious. Quest for assessingrisie and crash injury burden also motivated

choice for sampling whole population. Thereforengke size was settled at 2,472 crashes.
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3.5 DATA COLLECTION

3.5.1 Method and Source

A secondary sourced data of road traffic accidéotsthe year 2010 was sampled from the
database managed by NRSCM in Lilongwe. Excel sgresgts containing crash statistics and
descriptors or attributes of data variables wetgeneed from the database and copied or burnt
onto my disc. Database store crash data in taltleg trash involvement, road users involved,
motor vehicles involved, driver characteristicshéddour safety problems, vehicle requirements

and more.

3.5.2 Data Quality and Reliability

Crash data has adequate number of characteriscglfles and attributes) necessary for the
holistic assessment of risks and crash injury burdie addition, TP officers who collect crash

data and NRSCM officers who manage database waieett by the database developer and
have long experience in their respective tasks.irAgthe database was developed and
commissioned by SweRoad, an international agenapad safety projects contracted to many
countries in East Europe, Asia and Africa, inclgdiRSA and Uganda. SweRoad is part of
Swedish Road Administration, a kingpin of outstawgdiroad safety in Sweden (SweRoad
Ongoing Projects, n.d.). By the way, as sourcethfMortality Caused by Road Traffic Injury

by Country (2009), Sweden has very low fatalitykri®.77 road deaths in every 100,000
inhabitants). Therefore, the three reasons stdiedeaguarantee quality and reliability of crash

data used and findings.

3.5.3 Data Capturing

Crash data in Microsoft excel tables obtained flidRSCM was recaptured into the computer
but now in SPSS format, followed by assigning dfilatites to corresponding variables while
ordinal attributes such as age, time and days we@meerted into range for example time interval

(6am-9am), month time (month-start) and road ugergaoup (25-44 years).
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3.6 DATA ANALYSIS TECHNIQUE/METHOD

3.6.1 Statistical Methods

Statistical methods namely Cross-tabulation and-sghare ) test, integrated in computer
package, SPSS 16.0, were used for analysing crtsh @hoice was made based on fact both
statistical methods are easy to follow and undedsthus giving more insight of testing process

and findings to decision makers, stakeholders @hbind and other readers.

3.6.2 Testing

From crash data, one or two independent variabla(spad safety factor(s) was/were cross-
tabulated with dependent variable or crash injumy the outcome is the share of crash injuries in
risk factors while Chi-square?) tested formulated hypotheses for statistical iigance and

identified core safety factors.

The philosophy in hypothesis testing is to acchptrull hypothesis or reject it and accept the
alternative hypothesis. While null hypothesis istatus quo statement (thought to be true),

alternative hypothesis opposes what believed tiuge

A significant level also known alpha level) (and probability valuep] are factors for accepting

or rejecting null hypothesis. A significant leval $et in computer while p-value is based on
empirical (statistical) data and is SPSS outputlmemChoice of confidence level determines the
value of significant level to use. Since confidet®esl of 95% is commonly used in research,

the same value was set for this study.

At confidence level of 95%, significant levelds= 0.05 and all probability values of less than or
equal to significant level value gr < 0.05 warranted null hypothesis rejection and aiszkp
alternative hypothesis. Similarly, for probabilitglues,p > 0.05, null hypothesis were accepted

and alternative hypothesis rejected.

Each and every road safety factor has an effecbad safety though some have greater risk or

risk above the normal or benchmark magnitude. Tfarsyalues ofp < 0.05, tested road safety
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factor or variable/attribute in crash data has lagusk to road accidents while, for valuespo#

0.05, risk exceeds standard values.
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CHAPTER FOUR
4.0 RESULTS AND DISCUSSIONS

4.1 SAMPLE PROFILE

For holistic approach on road safety, crash datdado many independent variables standing for
risk factors. Unquestionably, each and every roafittg factor or independent variable is
significant and affect road safety. For this reastrwas found necessary to test nearly all

variables in the crash data and have their inflaemcroad safety made known.

4.2 PRESENTATION OF RESULTS

Cross-tabulation and Chi-squarg®)(test produced SPSS outputs however only sigmifica
findings have been documented. Hence, came uptalles of summarised results which have

been presented together with their discussionsraarpretations.

4.3 RESULTS: DISCUSSIONS AND INTERPRETATIONS

While answers to research question # 2 and # a@meluded in the recommendations, cross-
tabulation and hypothesis testing provide soluti@nguestion # 1 and following are the findings

and, their discussions and interpretations.
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4.3.1 Analysis of Crash Involvement Data

Table 4.2.1: Relationship between Single FactodsSeverity

Factor Time Day Month Month | District Accident Road Surrou-
Time Type Geo- nding
metry
Crash & | 3pm- Satur- April to | Mid Blantyre | mv/ Straight | Rural
Fatal Top | 6pm day Sept- (36.7% | (23.2%; pedestrian (73.4%; (48.7%;
in (23.3%; | (16.0%; | ember ; 14.6%) (43.3%; 75.9%) 64.6%)
22.2%) | 19.0%) | & 37.5%) 51.3%)
Janu- Lilongwe
6am to ary to (19.7%;
9pm March 15.9%)
p-value 0.000 0.090 0.453 0.803 | 0.000 0.000 0.000 0.000
Factor Sur- Road Wea- Other Animal Obstructio Speed Light
face Condi- ther Factor n Condi-
Type tion tion
Crash & | Bitu- Good/ Dry Hit & | Statio- Dropped Over Daylight
Fatal Top | men fair (99.0%; | run nary in | cargo & | Limit (69.5%;
in (91.9%; | (97.4%; 98.7%) | (4.2%; | Road (1) | others (3) (93.9%; 61.7%)
91.7%) | 97.7%) 4.2%) 94.4%)
p-value 0.480 0.263 0.137 0.000 0.067 0.795 0.039 0.000

In Table 4.2.1, crash and fatal incidents peakpm 3o 6pm (23.3%; 22.2%) but in general they
occur more during 6am to 9pm. Crash and fatal seoges also lead in Saturdays (16.0%;
19.0%), April to March excluding October throughbRgary, month-mid (36.7%; 37.5%),
mv/pedestrian collisions (43.3%; 51.3%), straighad (73.4%; 75.9%), rural (48.7%; 64.6%),
bitumen surface (91.9%; 91.7%), good/fair road diord (97.4%; 97.7%), dry weather (99.0%;
98.7%), hit and run (4.2%; 7.6%), above legal sgaei (93.9%; 94.4%) and daylight (69.5%;
61.7%). In addition, crashes lead in Blantyre (23.2vhile fatal in Lilongwe (15.9%) and
animal stationary on the road, dropped cargo, rtakdside and other obstructions involved

crashes respective.

Enhanced motorisation and exposure (Smeed, 194@)more road accidents in 6am to 9pm,
urban districts, April through September and datligghile improved driving and crash speed
(Nilsson, 1982; Nilsson, 1997) lead to higher mdglcrash involvement and injury in Saturdays,
October through March, month-mid, straight roadraluarea, bitumen surface, good/fair

condition, hit and run and dry weather, and becafisgck of many and good quality sidewalks,
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crosswalks, paths and bicycle lanes (Litman, St&eélctoria Transport Policy Institute, 2009),
traffic mix with high speed traffic increase risk @asualty in unprotected road users (Tiwari,
Mohan & Fazio, 1998). Speed of vehicle is at theecof safety problems in animal and
obstructions worse driving above speed limit rigka crashes and injuries (Ashton & Mackay,
1983; de Langen et al., 2006; McLean & Kloeden,2®Milsson, 1982; Nilsson, 1997; Pasanen,
1991).

Reduced traffic in rural, weekend days, Octobeough March and month-mid improve mean
free, driving and crash speed similarly better réactors in straight road, bitumen surface,
good/fair condition and dry weather allow more grgzand crash speed while more economic
activities in urban districts and April through $spber increase motorisation and exposure.
October through March is a planting season and coanactivities as well as national and
household income, and travelling decline but impram April to September because of

increased market of farm produce.

The statistical relationship with crash severitgignificant in time § = 0.00 < 0.05), districtg(

= 0.000 < 0.05), accident type £ 0.000 < 0.05), road geometgy£ 0.000 < 0.05), surrounding
(p = 0.000 < 0.05), other factors € 0.000 < 0.05), speed £ 0.039 < 0.05) and light condition
(p = 0.00 < 0.05) thus risk is greater than normahlove stated safety factors. While, not
statistically significant in weekdayp € 0.090 > 0.05), monttp(= 0.453 > 0.05), month time (

= 0.803 > 0.05), surface typp £ 0.480 > 0.05), road conditiop<0.263 > 0.05), weathep &
0.137 > 0.05), animalg (= 0.067 > 0.05) and obstructions= 0.795 > 0.05 therefore threat is
standard in the later variables.
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Table 4.2.2A: Relationship between Co-factors ohdiand Severity

Co-fa | Factor 6am- 9am- 12pm- 3pm- 6pm- 9pm- 12am- 3am-6am
ctor (Time) 9am 12pm 3pm 6pm 9pm 12am 3am
Day Crash & | Crash: Satur- Satur- Crash: Sunday | Crash: Sunday Crash:
Fatal Thurs- day day Sunday (16.7%; | Satur- (25.0%; Sunday
Top in day (19.0%; | (17.1%; | (17.9%) 18.7%) day 24.5%) /Wednes-
(18.4%) 22.7%) 19.1%) (19.4%) Saturday | day/Thurs-
Fatal: (17.4%j; day
Fatal: Saturday Fatal: 24.5%) (15.5%)
Saturday (18.8%) Friday
(16.8%) (20.0%) Fatal:
Friday
(20.0%)
p-value 0.946 0.635 0.551 0.110 0.930 0.711 0.496 0.466
Mon- | Crash & | Mid Mid Mid End Crash: Crash: End Mid
th Fatal (39.4%; | (37.5%; | (37.9%; | (35.2%; | Mid/ Mid (37.0%; (44.0%;
Time | Topin 41.1%) 40.0%) | 43.4%) | 35.9%) End (37.9%) | 36.7%) 42.9%)
(35.1%)
Fatal:
Fatal: End
Mid (43.3%)
(35.3%)
p-value 0.892 0.790 0.202 0.780 0.076 0.247 0.986 0.259
Acci- mv/ped mv/ped | mv/iped | mv/ped mv/ped | mv/ped mv/ped mv/ped
dent Crash & | (40.8%; (42.1%; | (46.0%; | (45.7%; (46.3%; | (46.0%; (37.0%; (17.9%;
Type Fatal 53.7%) 50.0%) | 50.0%) | 47.9%) 56.7%) | 58.3%) 55.1%) 25.7%)
Top in
p-value 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Road | Crash & | Straight | Straight | Straight | Straight | Straight | Straight | Straight Straight
Geo- Fatal (74.0%; (70.8%; | (73.6%; | (72.2%; (77.2%; | (77.4%; (73.9%; (61.9%;
metry | Topin 75.8%) 69.1%) | 80.9%) | 74.0%) 80.7%) | 80.0%) | 71.4%) 62.9%)
p-value 0.026 0.736 0.024 0.049 0.006 0.125 0.724 0.145

Reference is made to Table 4.2.2A for findings @il discussions explained just below.

During 6am to 9am, crashes (18.4%) peak in Thussadyle fatal (16.8%) in Saturdays. High

motorisation and exposure (Smeed, 1949) with imgdowean free and driving speed (Nilsson,
1982; Nilsson, 1997) lead to higher risk of crasiolvement in Thursdays while greater mean
free, driving and crash speed (Nilsson, 1982; Witss1997) is at the core of road safety
problems in Saturdays. Traffic is normally slightgss in Thursdays and more reduced in

weekend days.
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The relationship between weekdays and severitptistatistically significant= 0.946 > 0.05)
therefore threat is standard in all weekdays duBiaxg to 9am.

Crash and fatal incidents peak in Saturdays in 8adPpm (19.0%; 22.7%) and 12pm to 3pm
(17.1%; 19.1%). Because of reduced traffic, motewadd driving and crash speed (Nilsson,
1982; Nilsson, 1997) with notable alcohol risk (Guwon et al., 2002; Elvic & Vaa, 2004;
Moskowitz et al., 2002; World Bank & WHO, 2004)asthe core of crash and injury problems.

The relationship between weekdays and severitptistatistically significant in 9am to 12pm (
= 0.635 > 0.05) and 12pm to 3pm £ 0.551 > 0.05) hence threat is normal in all vasfs in
9am to 3pm.

In 3pm to 6pm, crashes (17.9%) lead in Sundaysewfaital (18.8%) in Saturdays. Reduced

traffic in weekend days improve mean free, drivargl crash speed too risk of road accidents
(Nilsson, 1982; Nilsson, 1997) also drunken drivim@ major risk factor (Compton et al., 2002;

Elvic & Vaa, 2004; Moskowitz et al., 2002; World Ha& WHO, 2004).

The relationship between weekdays and severitptistatistically significantp(= 0.110 > 0.05)

so risk is normal in all weekdays during 3pm to 6pm

Crash (16.7%) and fatal (18.7%) involved in 6pnBpm lead in Sundays. Greater mean free,

driving and crash speed risk more crashes andesj(Nilsson, 1982; Nilsson, 1997).

The relationship between weekdays and severitptistatistically significantp(= 0.930 > 0.05)

therefore peril is ordinary in all weekdays in 69pm.

In 9pm to 12am, crash involvement (19.4%) peakatufslays while fatal (20.0%) in Fridays.
Improved mean free, driving and crash speed (Nils4982; Nilsson, 1997) is at the core of
crash problems in Saturdays while more drunkenirdgiyfCompton et al., 2002; Elvic & Vaa,
2004; Moskowitz et al., 2002; World Bank & WHO, 20(and fatigue (World Bank & WHO,
2004) lead to higher fatality in Friday nights.

The relationship between weekdays and severitptistatistically significant= 0.711 > 0.05)
so peril is regular in all weekdays in 9pm to 12am.
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During 12am to 3am, crashes (25.0%) peak in Sunddyke fatal in Sundays (24.5%) and
Saturdays (24.5%). Greater mean free, driving aadhcspeed (Nilsson, 1982; Nilsson, 1997)
along with significant drunken driving (Comptonagt, 2002; Elvic & Vaa, 2004; Moskowitz et
al., 2002; World Bank & WHO, 2004) and fatigue (WbBank & WHO, 2004) risk more

crashes and injuries in weekend nights.

The relationship between weekdays and severitptistatistically significant= 0.496 > 0.05)

thus hazard is ordinary in all weekdays within 12aram.

Within 3am to 6am, crashes lead in Sundays (15.3#€dnesdays (15.5%) and Thursdays
(15.5%) while fatal (20.0%) in Fridays. Growing roosation and exposure (Smeed, 1949),
improved mean free, driving and crash speed (Nils$882; Nilsson, 1997) and fatigue (World
Bank & WHO, 2004) lead to poor road safety in thdyehours of most weekdays.

The relationship between days and severity is tatisically significant ¢ = 0.466 > 0.05) so

hazard is normal in all weekdays in 3am to 6am.

Crash and fatal lead in month-mid in 6am to 9am4%8 41.1%), 9am to 12pm (37.5%; 40.0%),
12pm to 3pm (37.9%; 43.4%) and 3am to 6am (44.0249%). Reduced traffic improve mean
free, driving and crash speed as well as risk aol il@ccidents (Nilsson, 1982; Nilsson, 1997).

The relationship between month time and severitytsstatistically significant in 6am to 9am (
= 0.892 > 0.05), 9am to 12pm € 0.790 > 0.05), 12pm to 3pm € 0.202 > 0.05) and 3am to

6am p = 0.259 > 0.05) so peril is regular in all morithds in 6am to 6pm.

Crash and fatal incidents peak in month-end duBpign to 6pm (35.2%; 35.9%) and 12am to
3am (37.0%; 36.7%). Improved motorisation and eMpowgSmeed, 1949) and alcohol risk
(Compton et al., 2002; Elvic & Vaa, 2004; Moskowatzal., 2002; World Bank & WHO, 2004)
generally are major safety problems in month-endidw@r more allowed driving and crash
speed (Nilsson, 1982; Nilsson, 1997), drunken dgv{Compton et al., 2002; Elvic & Vaa,
2004; Moskowitz et al., 2002; World Bank & WHO, 20)0and fatigue (World Bank & WHO,
2004) lead to higher risk of crash and injury irad?to 3am.
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The relationship between month time and severittsstatistically significant in 3pm to 6pm (
=0.780 > 0.05) and 12am to 3am=0.986 > 0.05) therefore threat is classic imaith times

in 3pm to 6pm and 12am to 3am.

Within 6pm to 9pm, crashes peak in month-mid (39.Htd month-ends (35.1%) while fatal
(35.3%) in month-mid. More allowed driving and drasgpeed (Nilsson, 1982; Nilsson, 1997)
risk more crashes and injuries in month-mid whitgioved motorisation and exposure (Smeed,

1949) lead to higher risk of crash involvement ionth-end.

The relationship between month time and severityas statistically significantp(= 0.076 >

0.05) so risk is standard in all month times dupon to 9pm.

During 9pm to 12am, crashes (37.9%) lead in monthawhile fatal (43.3%) in month-ends.
More allowed driving and crash speed (Nilsson, 198i#sson, 1997) is at the core of crash
problems in month-mid while improved motorisatiordaexposure (Smeed, 1949) and enhanced
drunken driving (Compton et al., 2002; Elvic & V&804; Moskowitz et al., 2002; World Bank
& WHO, 2004) risk extra fatal incidents in monthden

The relationship between month time and severityas statistically significantp(= 0.247 >

0.05) thus peril is normal in all month times dgr@pm to 12am.

Crash and fatal peak in mv/pedestrian collisionam to 9am (40.8%; 53.7%), 9am to 12pm
(42.1%; 50.0%), 12pm to 3pm (46.0%; 50.0%), 3pnb6pon (45.7%; 47.9%), 6pm to 9pm
(46.3%; 56.7%), 9pm to 12am (46.0%; 58.3%), 12arBam (37.0%; 55.1%) and 3am to 6am
(17.9%; 25.7%).

Traffic mix with high speed traffic (Tiwari, Moha& Fazio, 1998), lack of retro-reflective
equipment at night (European Transport Safety Ciguz@00; World Bank & WHO, 2004) and
alcohol risk (Clayton, Colgan & Tunbridge, 2000; WH2004) lead to more casualties in
unprotected road users. Though speed of the vabitdav in traffic peak hours (6am to 9am and
3pm to 6pm), casualty in pedestrians remain higth@g have less chance of surviving impacts
even at lower crash speed (Ashton & Mackay, 1983aRen, 1991).
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The relationship between accident type and sevisrigyatistically significant in 6am to 9am €
0.00 < 0.05), 9am to 12pmp € 0.00 < 0.05), 12pm to 3pmp € 0.00 < 0.05), 3pm to 6pnp E
0.00 < 0.05), 6pm to 9pnp & 0.00 < 0.05), 9pm to 12am € 0.00 < 0.05), 12am to 3am €
0.00 < 0.05) and 3am to 6amp € 0.00 < 0.05) thus threat varies with accidempietyr other

collision types have greater risk of crash involeatand injury in all periods.

Crash and fatal lead in straight road in 6am to $@m0%; 75.8%), 9am to 12pm (70.8%;
69.1%), 12pm to 3pm (73.6%; 80.9%), 3pm to 6pmIA%2. 74.0%), 6pm to 9pm, (77.2%;
80.7%), 9pm to 12am (77.4%; 80.0%), 12am to 3an®@s371.4%) and 3am to 6am (61.9%;
62.9%). Improved driving and crash speed is athilie of crash and injury problems (Nilsson,
1982; Nilsson, 1997).

The relationship between road geometry and sevisrgjatistically significant in 6am to 9am (
= 0.026 < 0.05), 12pm to 3pm € 0.024 < 0.05), 3pm to 6pmp € 0.049 < 0.05) and 6pm to
9pm ( = 0.006 < 0.05) while not statistically signifitan 9am to 12pmg = 0.736 > 0.05), 9pm
to 12am f = 0.125 > 0.05), 12am to 3am £ 0.724 > 0.05) and 3am to 6am=0.145 > 0.05)
so risk changes with road geometry in 6am to 9ach #pm to 9pm while normal in 9am to

12pm and 9pm to 6am.
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Table 4.2.2B: Relationship between Co-factors ofi@and Severity — Continued

Co-fa | Factor 6am- 9am- 12pm- 3pm- 6pm- 9pm- 12am- 3am-6am
ctor (Time) 9am 12pm 3pm 6pm 9pm 12am 3am

Surr- Crash & | Crash: Rural Rural Rural Rural Rural Rural Rural
ound- | Fatal Urban (46.6%; | (52.3%; | (47.0%; (50.9%; | (53.2%; (55.4%; (63.1%;

ing Top in (50.3%) | 63.6%) | 64.0%) |61.5%) | 67.4%) | 65.0%) | 77.5%) 77.1%)

Fatal:
Rural
(56.8%)
p-value 0.037 0.000 0.000 0.000 0.000 0.061 0.018 0.032
Sur- Crash & | Bitumen | Bitu- Bitu- Bitumen | Bitu- Bitumen | Bitumen | Bitumen
face Fatal (91.6%; men men (90.8%; men (94.4%; (98.9%; (92.9%;
Type Topin 93.7%) (90.3%; | (89.5%; | 87.0%) (94.5%; | 95.0%) 100.0%) 88.6%)
89.1%) | 89.7%) 95.7%)
p-value 0.427 0.297 0.524 0.005 0.441 0.514 0.303 0.523
Road Crash & | Good Good Good Good Good Good Good Good
Cond- | Fatal (98.3%; (97.6%; | (96.3%; | (96.7%; (97.8%; | (97.6%; (100.0%; (96.4%;

ition | Topin | 97.9%) | 98.2%) |97.1%) | 96.4%) | 98.4%) | 100.0%) | 100.0%) | 94.3%)

p-value 0.827 0.384 0.440 0.346 0.284 0.091 - 0.304

Findings and their discussions described just be&fer to Table 4.2.2B.

Crashes (50.3%) lead in urban while fatal (56.8%)ural in 6am to 9am but both peak in rural
in 9am to 12pm (46.6%; 63.6%), 12pm to 3pm (52.8%0%), 3pm to 6pm (47.0%; 61.5%),

6pm to 9pm (50.9%; 67.4%), 9pm to 12am (53.2%; @&f,d2am to 3am (55.4%; 75.5%) and
3am to 6am (63.1%; 77.1%). Enhanced motorisati@hexsposure (Smeed, 1949) during 6am to
9am risk more crashes in urban while improved nfeas, driving and crash speed (Nilsson,

1982; Nilsson, 1997) increase risk of crash angrynin rural.

The relationship between surrounding and sevesistatistically significant in 6am to 9am €
0.037 < 0.05), 9am to 12pm € 0.00 < 0.05), 12pm to 3pm € 0.00 < 0.05), 3pm to 6pmp €
0.000 < 0.05), 6pm to 9pmp'(= 0.00 < 0.05), 12am to 3ap £ 0.018 < 0.05) and 3am to 6am
(p = 0.032 < 0.05) but not statistically significant9pm to 12amg = 0.061 > 0.05) so threat
varies with surrounding in 6am to 6am except in 9wml2am when it is normal in all

surroundings.
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Crash and fatal occur most in bitumen surface im 6@ 9am (91.6%; 93.7%), 9am to 12pm
(90.3%; 89.1%), 12pm to 3pm (89.5%; 89.7%), 3pmbpon (90.8%; 87.0%), 6pm to 9pm
(94.5%; 95.7%), 9pm to 12am (94.4%; 95.0%), 12ardam (98.9%; 100.0%) and 3am to 6am
(92.9%; 88.6%). More allowed driving and crash spb@dilsson, 1982; Nilsson, 1997) with

improved motorisation and exposure (Smeed, 194&)tise core of crash and injury problems.

The relationship between surface type and seviribwt statistically significant in 6am to 9am
(p = 0.427 > 0.05), 9am to 12pm € 0.297 > 0.05), 12pm to 3pm € 0.524 > 0.05), 6pm to
9pm ( = 0.441 > 0.05), 9pm to 12am € 0.514 > 0.05), 12am to 3am £ 0.303 > 0.05) and
3am to 6am = 0.523 > 0.05) while statistically significantrthg 3pm to 6pm g = 0.005 <
0.05) thus risk is normal in all surface types amto 6am except in 3pm to 6pm when it varies

with surface type or risk is greater in other sceféypes during 3pm to 6pm.

Crash and fatal occur most in good/fair conditior6am to 9am (98.3%; 97.9%), 9am to 12pm
(97.6%; 98.2%), 12pm to 3pm (96.3%; 97.1%), 3pnbpon (96.7%; 96.4%), 6pm to 9pm

(97.8%; 98.4%), 9pm to 12am (97.6%; 100.0%), 12arBam (100.0%; 100.0%) and 3am to
6am (96.4%; 94.3%). More allowed driving and craghed (Nilsson, 1982; Nilsson, 1997) with

improved motorisation and exposure (Smeed, 194R)miore crashes and injuries.

The relationship between road condition and severihot statistically significant in 6am to 9am
(p = 0.827 > 0.05), 9am to 12pm € 0.384 > 0.05), 12pm to 3pm € 0.440 > 0.05), 3pm to
6pm ( = 0.346 > 0.05), 6pm to 9prp € 0.284 > 0.05), 9pm to 12am € 0.091 > 0.05) and
3am to 6amg = 0.304 > 0.05) therefore threat is standardlinoald conditions in 6am to 6am.
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Table 4.2.2C: Relationship between Co-factors afieand Severity - Continued

Co-fa | Factor 6am- 9am- 12pm- 3pm- 6pm- 9pm- 12am- 3am-6am
ctor (Time) 9am 12pm 3pm 6pm 9pm 12am 3am

Wea- Crash & | Dry Dry Dry Dry Dry Dry Dry Dry

ther Fatal (98.9%; (99.7%; | (99.8%; | (98.4%; (98.9%; | (98.3%; (98.9%; (98.8%;

Topin | 100.0%) | 99.1%) | 100.0%) | 96.9%) | 98.4%) | 98.4%) | 100.0%) | 100.0%)

p-value 0.701 0. 494 0.419 0.026 0.470 0.423 0.216 0.025
Other | Crash & | Hit&run | Hit & |Hit & | Hit&run | Hit & | Hit &run | Hit & run | Hit & run
Fact- Fatal (1) run run (2.3%; run (12.1%; (17.4%; (7.1%;
ors Top in (1.1%; (2.2%; 2.1%) (8.6%; 18.3%) 28.6%) 11.4%)

0.9%) 4.4%) 13.9%)

p-value 0.699 0.089 0.156 0.378 0.021 0.100 0.018 0.567
Spe- Crash & | Over Over Over Over Over Over Over Over limit
ed Fatal limit limit limit limit limit limit limit (92.9%;

Top in (91.3%; | (95.2%; | (95.1%; | (93.1%; | (94.7%; | (96.8%; | (91.3%; | 94.3%)
91.6%) | 95.5%) | 97.1%) | 92.2%) | 95.2%) | 98.3%) | 91.8%)

p-value 0.900 0.066 0.385 0.830 0.003 0.188 0.624 0.853

Results and their discussions illustrated justWwetefer to Table 4.2.2C.

Crash and fatal occur most in dry weather in 6a®aim (98.9%; 100.0%), 3pm to 6pm (98.4%;
96.9%), 6pm to 9pm (98.9%; 98.4%), 9pm to 12am3®B.98.4%), 12am to 3am (98.9%;

100.0%) and 3am to 6am (98.8%; 100.0%) while onlgrny weather in 9am to 12pm (99.7%;

99.1%) and 12pm to 3pm (99.8%; 100.0%). Improvedrty and crash speed is a major safety
problem (Nilsson, 1982; Nilsson, 1997). Clear \ig§pand good traction in dry weather attract
higher driving speed.

The relationship between weather and severity istatistically significant in 6am to 9am €
0.701 > 0.05), 9am to 12pm € 0. 494 > 0.05), 12pm to 3pm £ 0.419 > 0.05), 6pm to 9pm (

= 0.470 > 0.05, 9pm to 12amp € 0.423 > 0.05), 12am to 3amp=0.216 > 0.05) while
statistically significant in 3pm to 6pnp € 0.026 < 0.05) and 3am to 6am=0.025 < 0.05) thus
hazard is normal in all weather in 6am to 3pm ameh 0 3am but changes with weather during

3pm to 6pm and 3am to 6am.

Only hit and run crash happened in 6am to 9am ligewenly hit and run crash and fatal
incidents were involved in 12pm to 3pm (2.2%; 4.499m to 12am (12.1%; 18.3%), 12am to
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3am (17.4%; 28.6%) and 3am to 6am (7.1%; 11.4%dbsghey lead in 9am to 12pm (1.1%;
0.9%), 3pm to 6pm (2.3%; 2.1%) and 6pm to 9pm (8.680%). Speed of vehicle is at the core
of hit and run crash and injury problems (Nilssb®32; Nilsson, 1997).

The relationship between other factors and accigewerity is not statistically significant in 6am
to 9am p = 0.699 > 0.05), 9am to 12pm € 0.089 > 0.05), 12pm to 3pm € 0.156 > 0.05),
3pm to 6pm ¢ = 0.378 > 0.05), 9pm to 12am € 0.100 > 0.05) and 3am to 6am= 0.567 >
0.05) but statistically significant in 6pm to 9pm=< 0.021 < 0.05) and 12am to 3ap=0.018 <
0.05). Thus, hazard is normal in all other faciar6am to 6am except in 6pm to 9pm and 12am

to 3am when it varies with other factors or riskjiieater in other factors.

Crash and fatal occur most in above legal speet im6am to 9am (91.3%; 91.6%), 9am to
12pm (95.2%; 95.5%), 12pm to 3pm (95.1%; 97.1%m 3p 6pm (93.1%; 92.2%), 6pm to 9pm
(94.7%; 95.2%), 9pm to 12am (96.8%:; 98.3%), 12arBam (91.3%; 91.8%) and 3am to 6am
(92.9%; 94.3%). Higher the driving speed, less mmatdgor taking action to avoid accident also
more likely a high collision speed and the accidemdomes more severe (de Langen et al., 2006;
Svensson, 2007).

The relationship between speed and severity isstatistically significant in 6am to 9am €
0.900 > 0.05), 9am to 12pm € 0.066 > 0.05), 12pm to 3pm € 0.385 > 0.05), 3pm to 6pm (
=0.830 > 0.05), 9pm to 12am € 0.188 > 0.05), 12am to 3am £ 0.624 > 0.05), and 3am to
6am o = 0.853 > 0.05) while statistically significantrthg 6pm to 9pmg = 0.003 < 0.05). So,
risk is regular in all speeds in 6am to 6am exde@pm to 9pm when it changes with speed or

speed risk is more in 6pm to 9pm.

45



Table 4.2.3A: Relationship between Co-factors of Bad Severity

Co-factor Factor (Day) | Sunday | Monday | Tuesday | Wednesday | Thursday | Friday Saturday
Month Crash & | Mid Mid Crash: Crash: Mid Crash: Mid
Time Fatal Topin | (39.3%; | (37.5%; | End Mid (36.5%; Mid (36.7%;
37.1%) 40.7%) (36.8%) | (36.3%) 38.7%) (37.2%) | 38.4%)
Fatal: Fatal: Fatal:
Mid Start End
(38.0%) | (42.6%) (38.2%)
p-value 0.836 0.946 0.610 0.114 0.586 0.884 0.647
Accident Crash & | mv/ped mv/ped mv/ped mv/ped mv/ped mv/ped mv/ped
Type Fatal Top in | (45.6%; (43.8%; (41.9%; (45.0%; (42.3%; (39.5%; (45.3%;
55.0%) 52.7%) 50.9%) 49.5%) 52.4%) 48.5%) 50.0%)
p-value 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Road Crash & | Straight | Straight | Straight | Straight Straight Straight | Straight
Geometry Fatal Topin | (73.1%; | (72.6%; | (74.3%; (74.0%; (74.6%; (72.4%; | (74.9%;
73.6%) | 70.3%) | 77.8%) | 77.2%) 78.2%) 72.8%) | 79.9%)
p-value 0.019 0.474 0.036 0.001 0.022 0.787 0.018
Surrounding | Crash & | Rural Crash: Rural Rural Crash: Rural Rural
Fatal Topin | (52.8%; | Urban (51.8%; (47.3%; Urban (52.2%; | (47.3%;
68.6%) (46.7%) | 68.5%) 59.4%) (48.3%) 63.2%) 64.6%)
Fatal: Fatal:
Rural Rural
(56.0%) (68.5%)
p-value 0.000 0.020 0.002 0.027 0.000 0.054 0.000

Findings and their discussions expressed just bedésv to Table 4.2.3A.

Crash and fatal lead in month-mid in Sundays (39.3%1), Mondays (37.5%; 40.7%),
Thursdays (36.5%; 38.7%) and Saturdays (36.7%;938while crashes peak in month-end in
Tuesdays (36.8%), in month-mid in Wednesdays (358% in month-end in Fridays (38.2%)
but fatal top in month-mid in Tuesdays (38.0%)month-start in Wednesdays (42.6%) and in

month-end in Fridays (38.2%).

Lesser traffic in month-mid improve driving and shaspeed too risk of crash and injury
(Nilsson, 1982; Nilsson, 1997) while increased ms#dion and exposure (Smeed, 1949) risk

more crashes in month-end and month-start, anckdrudriving (Compton et al., 2002; Elvic &
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Vaa, 2004; Moskowitz et al., 2002; World Bank & WHEZD04) believed a core safety problem

in Fridays of month-end.

The relationship between month time and severityoisstatistically significant in Sundays £
0.836 > 0.05), Monday$ & 0.946 > 0.05), Tuesdays £ 0.610 > 0.05), Wednesdays< 0.114
> 0.05), Thursdaysp(= 0.586 > 0.05), Fridays (= 0.884 > 0.05) and Saturdays= 0.647 >
0.05) so hazard is normal in all month times inheaicd every weekday.

Crash and fatal occurrence lead in mv/pedestridiisions in Sundays (45.6%; 55.0%),
Mondays (43.8%; 52.7%), Tuesdays (41.9%; 50.9%)d¥sdays (45.0%; 49.5%), Thursdays
(42.3%; 52.4%), Fridays (39.5%; 48.5%) and Satwsdd¥$.3%; 50.0%). Traffic mix with high
speed traffic is a daily core safety problem infoot and pedal road users (Tiwari, Mohan &
Fazio, 1998).

The relationship between accident type and sevevistatistically significant in Sundayp €
0.000 < 0.05), Monday$ E 0.000 < 0.05), Tuesdays £ 0.000 < 0.05), Wednesdays< 0.000
< 0.05), Thursdaysp(= 0.000 < 0.05), Fridays (= 0.000 < 0.05) and Saturdays= 0.000 <
0.05) thus peril changes with collision type inteand every weekday or risk is greater in other

accident types.

Crash and fatal peak in straight road in Sunda@sl@d; 73.6%), Mondays (72.6%; 70.3%),
Tuesdays (74.3%; 77.8%), Wednesdays (74.0%; 77.Z%)rsdays (74.6%; 78.2%), Fridays
(72.4%; 72.8%) and Saturdays (74.9%; 79.9%). Mbosvad driving and crash speed risk more

crashes and injuries (Nilsson, 1982; Nilsson, 1997)

The relationship between road geometry and sevisrigyatistically significant in Sundayp €
0.019 < 0.05), Tuesdayp € 0.036 < 0.05), Wednesdays £ 0.001 < 0.05), Thursdayp €
0.022 < 0.05) and Saturdays< 0.018 < 0.05) while not statistically signifitan Mondays f =
0.474 > 0.05) and Fridayp € 0.787 > 0.05). Therefore, risk varies with ragbmetry in each

and every weekday except in Mondays and Fridayswhe normal in all road geometry.

Crash and fatal lead in rural in Sundays (52.8%6%3, Tuesdays (51.8%; 68.5%), Wednesdays
(47.3%; 59.4%), Fridays (52.2%; 63.2%) and Satwsddy.3%; 64.6%) while crashes peak in
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urban in Mondays (46.7%) and Thursdays (48.3%Ydtat top in rural in Mondays (56.0%) and
Thursdays (68.5%). Improved mean free, driving eragh speed (Nilsson, 1982; Nilsson, 1997)
is at the core of crash and injury problems in Iruwraile enhanced motorisation and exposure

(Smeed, 1949) risk more crashes in urban.

The relationship between surrounding and sevesitgtatistically significant in Sundayp €
0.000 < 0.05), Monday$ € 0.020 < 0.05), Tuesdays £ 0.002 < 0.05), Wednesdays=< 0.027
< 0.05), Thursdaysp(= 0.000 < 0.05) and Saturdays £ 0.000 < 0.05) while not statistically
significant in Fridays = 0.054 > 0.05) so risk varies with surroundingeiach and every

weekday except in Fridays when it is ordinary irsatroundings.

Table 4.2.3B: Relationship between Co-factors of Bad Severity — Continued

Co-factor Factor (Day) | Sunday | Monday | Tuesday | Wednesday | Thursday | Friday Saturday
Surface Crash & | Bitumen | Bitumen | Bitumen | Bitumen Bitumen Bitumen | Bitumen
Type Fatal Top in | (94.2%; (90.5%; (93.4%; (90.3%; (92.3%; (91.0%; (91.1%;
94.3%) 90.1%) 94.4%) 93.1%) 88.7%) 91.2%) 90.2%)
p-value 0.678 0.377 0.739 0.093 0.267 0.425 0.105
Road Crash & | Good Good Good Good Good Good Good
Condition Fatal Topin | (97.1%; | (95.3%; | (99.1%; (97.7%; (97.2%j; (97.2%; | (98.0%;
97.1%) 95.6%) 100.0%) | 98.0%) 97.6%) 96.3%) 98.8%)
p-value 0.812 0.797 0.872 0.436 0.507 0.377 0.669
Weather Crash & | Dry Dry Dry Dry Dry Dry Dry
Fatal Top in | (99.7%; (98.7%; (99.7%; (99.7%; (98.6%; (98.2%; (98.7%;
100%) 96.7%) 99.1%) 100.0%) 99.2%) 97.8%) 98.2%)
p-value 0.482 0.254 0.718 0.029 0.502 0.267 0.613
Other Crash & | Hit & | Hit & | Hit & | Hit & run Hit & run | Hit & | Hit & run
Factors Fatal Top in | run run run (5.0%; (5.2%; run (5.3%;
(5.3%; (2.2%; (2.7%; 7.9%) 9.7%) (3.1%; 8.5%)
9.3%) 6.6%) 6.5%) 4.4%)
p-value 0.153 0.020 0.065 0.181 0.034 0.160 0.010
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Results and their discussions stated just belogr tefTable 4.2.3B.

Crash and fatal occur most in bitumen surface ind@ys (94.2%; 94.3%), Mondays (90.5%;
90.1%), Tuesdays (93.4%; 94.4%), Wednesdays (9094,%), Thursdays (92.3%; 88.7%),
Fridays (91.0%; 91.2%) and Saturdays (91.1%; 90.26ye allowed driving and crash speed
(Nilsson, 1982; Nilsson, 1997) with improved mogation and exposure (Smeed, 1949) risk

more crashes and injuries.

The relationship between surface type and sevisritpt statistically significant in Sundays £
0.678 > 0.05), Monday$  0.377 > 0.05), Tuesdays € 0.739 > 0.05), Wednesdays= 0.093
> 0.05), Thursdaysp(= 0.267 > 0.05), Fridays (= 0.425 > 0.05) and Saturdays= 0.105 >

0.05) thus hazard is normal in all surface typesach and every weekday.

Crash and fatal occur most in good/fair conditiorSundays (97.1%; 97.1%), Mondays (95.3%;
95.6%), Tuesdays (99.1%; 100.0%), Wednesdays (9798%0%), Thursdays (97.2%; 97.6%),
Fridays (97.2%; 96.3%) and Saturdays (98.0%; 98.8%bye allowed driving and crash speed
(Nilsson, 1982; Nilsson, 1997) with improved masation and exposure (Smeed, 1949) lead to

higher risk of road accidents.

The relationship between road condition and seyvesihot statistically significant in Sundays (
= 0.812 > 0.05), Monday$ (= 0.797 > 0.05), Tuesdayp € 0.872 > 0.05), Wednesdays £
0.436 > 0.05), Thursdayp € 0.507 > 0.05), Fridayp & 0.377 > 0.05) and Saturdays< 0.669
> 0.05) so peril is standard in all road conditionsach and every weekday.

Crash and fatal occur only in dry weather in Susdé89.7%; 100.0%) while most in dry
weather in Mondays (98.7%; 96.7%), Tuesdays (99994 %), Wednesdays (99.7%; 100.0%),
Thursdays (98.6%; 99.2%), Fridays (98.2%; 97.8%) &aturdays (98.7%; 98.2%). Clear
visibility and better tyre grip in dry weather attt higher driving speed therefore improved

driving and crash speed is a core safety probleisgdh, 1982; Nilsson, 1997).

The relationship between weather and severity isstatistically significant in Sunday$ €&
0.482 > 0.05), Monday$ (= 0.254 > 0.05), Tuesdays £ 0.718 > 0.05), Thursdays € 0.502 >
0.05), Fridaysf = 0.267 > 0.05) and Saturdays= 0.613 > 0.05) while statistically significant
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in Wednesdaysp(= 0.029 < 0.05). So, threat is ordinary in all thes in each and every

weekday except in Wednesdays when it changes védther.

Hit and run crash and fatal incidents lead in Syad&.3%; 9.3%), Fridays (3.1%; 4.4%) and
Saturdays (5.3%; 8.5%) while only hit and run crastl fatal incidents in Mondays (2.2%;
6.6%), Tuesdays (2.7%; 6.5%), Wednesdays (5.098p)/and Thursdays (5.2%; 9.7%). More
allowed driving and crash speed (Nilsson, 1982sd$dih, 1997) in weekend days, and enhanced
motorisation and exposure (Smeed, 1949) along datise traffic mix with high speed traffic

(Tiwari, Mohan & Fazio, 1998) in working days are safety problems of hit and run.

The relationship between other factors and sevevityt statistically significant in Sundays=
0.153 > 0.05), Tuesdayp € 0.065 > 0.05), Wednesdays £ 0.181 > 0.05) and Fridayp €
0.160 > 0.05) while statistically significant in Mdays f = 0.020 < 0.05), Thursdays € 0.034
< 0.05) and Saturdayp € 0.010 < 0.05). So, risk is normal in all othactbrs in each and every

weekday except in Mondays, Thursdays and Satundbgs it varies with other factors.

Table 4.2.3C: Relationship between Co-factors of &ad Severity — Continued

Co-factor Factor (Day) | Sunday | Monday | Tuesday | Wednesday | Thursday | Friday Saturday
Animals Crash & | - - - Damages
Fatal Top in Only (1)
p-value 0.029
Speed Crash & | Over Over Over Over limit Over Over Over
Fatal Top in | limit limit limit (94.7%; limit limit limit
(93.1%; | (93.7%; | (95.8%; | 95.0%) (93.4%; (93.8%; | (93.2%;
92.9%) 93.4%) 96.3%) 94.4%) 94.1%) 95.1%)
p-value 0.157 0.896 0.219 0.548 0.594 0.013 0.008
Light Crash & | Daylight | Daylight | Daylight | Daylight Daylight Daylight | Daylight
Condition Fatal Topin | (65.0%; | (72.6%; | (69.5%; (71.0%; (69.1%; (70.0%; | (70.1%;
58.6%) 69.2%) 60.2%) 59.4%) 64.5%) 58.8%) 63.8%)
p-value 0.255 0.369 0.053 0.016 0.543 0.007 0.192

50



Reference is made to Table 4.2.3C for findings@isdussions expressed just below.

Animal stationary on road involved a damages onasle in Wednesday. Speed of vehicle is a
core risk factor (Nilsson, 1982; Nilsson, 1997).

The relationship between animal and severity igss$iizally significant in Wednesday & 0.029

< 0.05) and so animal risk is greater in Wednesdays

Crash and fatal occur most in above legal speed imSundays (93.1%; 92.9%), Mondays
(93.7%; 93.4%), Tuesdays (95.8%; 96.3%), Wednes@45%; 95.0%), Thursdays (93.4%;
94.4%), Fridays (93.8%; 94.1%) and Saturdays (93 284.%). Driving over legal speed limit
has greater risk of crash involvement and injurghtdhn & Mackay, 1983; de Langen et al.,
2006; McLean & Kloeden, 2002; Pasanen, 1991; SwensX¥07; World Bank and WHO, 2004).

The relationship between speed and severity istadistically significant in Sundayp € 0.157
> 0.05), Mondaysp(= 0.896 > 0.05), Tuesdayp € 0.219 > 0.05), Wednesdays £ 0.548 >
0.05) and Thursday9 (= 0.594 > 0.05) while statistically significant Kridays p = 0.013 <
0.05) and Saturday$ = 0.008 < 0.05). Then, risk is normal in all spedd each and every

weekday except in Fridays and Saturdays when iésavith speed.

Crash and fatal incidents peak in daylight in Sysd&5.0%; 58.6%), Mondays (72.6%; 69.2%),
Tuesdays (69.5%; 60.2%), Wednesdays (71.0%; 59.4%)rsdays (69.1%; 64.5%), Fridays
(70.0%; 58.8%) and Saturdays (70.1%; 63.8%). Imgdomotorisation and exposure is at the

core of crash and injury problems (Smeed, 1949).

The relationship between light condition and seyesi not statistically significant in Sundays (
= 0.255 > 0.05), Monday$ € 0.369 > 0.05), Tuesdays £ 0.053 > 0.05), Thursdays € 0.543
> 0.05) and Saturdayp € 0.192 > 0.05) while statistically significantWiednesdaysp(= 0.016
< 0.05) and Fridaysp(= 0.007 < 0.05). Thus, risk is standard in alhtigonditions in each and

every weekday except in Wednesdays and Fridays whkanes light condition.
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Table 4.2.4A: Relationship between Co-factors ofident Type and Severity

Co-factor | Factor mv/mv mv/mv mv/mv mv/mv mv/mv Single mv | Single mv
head on rear end | side overtake | turn Rollover crash
Road Crash & | Straight Straight | Straight Straight | Straight Straight Straight
Geometry | Fatal Top | (70.0%; (64.3%; | (61.6.0%; | (74.0%; (61.1%; (60.6%; (57.5%;
in 57.1%) 71.4%) | 66.7%) 100.0%) | 100.0%) | 57.7%) 61.5%)
p-value 0.264 0.061 0.131 0.449 0.637 0.865 0.899
Surrou- Crash & | Rural Urban Urban Urban Urban Rural Rural
nding Fatal Top | (48.6%; (66.7%; | (55.2%; (54.0%; (61.1%; (73.9%; (59.4%;
in 71.4%) 28.6%) 50.0%) 37.5%) 0.0%) 85.6%) 80.8%)
Rural Rural Rural
(27.1%; | (40.1%; (22.2%;
57.1%) 50.0%) 100.0%)
p-value 0.182 0.018 0.352 0.394 0.660 0.051 0.446
Co-factor | Factor mv/pedes | mv/bicy | mv/contr | mv/iunco | mv/other | Bicycle/ped | Bicycle/ot
trian clist olled ntrolled estrian her
Animal Animal
Road Crash & | Straight Straight | Straight Straight | Straight Straight Straight
Geometry | Fatal Top | (82.5%; (74.4%; | (100.0%; (66.7%; (61.9%; (100.0%; (60.0%;
in 82.4%) 75.0%) | 100.0%) | 0.0%) 74.5%) 100.0%) 50.0%)
p-value 0.015 0.476 _ 0.827 0.459 _ 0.659
Surrou- Crash & | Urban Rural Rural Rural Rural Rural Rural
nding Fatal Top | (49.8%; (58.7%; | (100.0%; (83.3%; (62.7%; (50.0%; (60.0%;
in 28.2%) 68.0%) 100.0%) 0.0%) 74.5%) 33.3%) 75.0%)
Rural Urban
(40.2%; (40.0;
57.1%) 33.3%)
Peri-urban
(10.0%;
33.3%)
p-value 0.000 0.166 _ 0.050 0.142 0.612 0.171

Results and discussions described just below tef€able 4.2.4A.

Crash and fatal lead in straight road in mv/mv head70.0%; 57.1%), mv/mv rear-end (64.3%;
71.4%), mv/mv side (61.6.0%; 66.7%), mv/mv overtgké.0%; 100.0%), mv/mv turn (61.1%;
100.0%), single mv rollover (60.6%; 57.7%), single (57.5%; 61.5%), mv/pedestrian (82.5%;
82.4%), mv/bicyclist (74.4%; 75.0%), mv/controlladimal (100.0%; 100.0%), mv/uncontrolled
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animal (66.7%; 0.0%), mv/other (61.9%; 74.5%), blejpedestrian (100.0%; 100.0%) and
bicycle/other (60.0%; 50.0%) collisions. More alldvdriving and crash speed is a major safety
problem (Ashton & Mackay, 1983; de Langen et aDPD& Nilsson, 1982; Nilsson, 1997;
Pasanen, 1991; Svensson, 2007).

The relationship between road geometry and severityot statistically significant in mv/mv
head on = 0.264 > 0.05), mv/mv rear eng £ 0.061 > 0.05), mv/mv side € 0.131 > 0.05),
mv/mv overtake @ = 0.449 > 0.05), mv/mv turrp(= 0.637 > 0.05), single mv rollovep &
0.865 > 0.05), single myp (= 0.899 > 0.05), mv/bicyclisip(= 0.476 > 0.05), mv/uncontrolled
animal o = 0.827 > 0.05), mv/othep (= 0.459 > 0.05 and bicycle/othgs € 0.659 > 0.05)
collisions while statistically significant in mv/gestrian crasheg & 0.015 < 0.05). Thus, threat
is standard in all road geometry in all collisigqpés except in mv/pedestrian where it changes

with road geometry or risk of mv/pedestrian codlisis greater in some road geometry.

Crash and fatal lead in rural in mv/mv head on @%48. 71.4%), single mv rollover (73.9%;
85.6%), single mv (59.4%; 80.8%), mv/bicyclist (Bfh; 68.0%), mv/uncontrolled animal
(83.3%; 0.0%), mv/other (62.7%; 74.5%), bicyclesstl{60.0%; 75.0%) and mv/controlled
animal (100.0%; 100.0%) accident types while peakuiban in mv/mv overtake collision
(54.0%; 37.5%). In addition, crashes peak in urldmle fatal in rural in mv/mv rear end
(66.7%; 57.1%), mv/mv turn (61.1%; 100.0%), mv/pdan (49.8%; 57.1%) and mv/mv side
(55.2%; 50.0%) collisions in contrast crashes (%).peak in rural while fatal in rural (33.3%),

peri-urban (33.3%) and urban (33.3%) in bicyclegstdan collision type.

Improved mean free, driving and crash speed (As&tdtackay, 1983; Nilsson, 1982; Nilsson,
1997; Pasanen, 1991) is a core safety problenrah while enhanced motorisation and exposure

(Smeed, 1949) along with traffic mix (Tiwari, Moh&nFazio, 1998) risk more crashes in urban.

The relationship between surrounding and sevesityot statistically significant in mv/mv head
on (p = 0.182 > 0.05), mv/mv side (= 0.352 > 0.05), mv/mv overtake € 0.394 > 0.05),
mv/mv turn o = 0.660 > 0.05), single mv rollovep € 0.051 > 0.05), single my (= 0.446 >
0.05), mv/bicyclist § = 0.166 > 0.05), mv/othep & 0.142 > 0.05), bicycle/pedestrign<{ 0.612
> 0.05) and bicycle/othep (= 0.171 > 0.05) collisions while statistically sificant in mv/mv
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rear end ¢ = 0.018 < 0.05), mv/pedestriap £ 0.000 < 0.05) and mv/uncontrolled animal=
0.050 = 0.05) accident types. Thus, risk is norimalll surroundings in all collision types except

in mv/mv rear end, mv/pedestrian and mv/uncontdoieimal where it varies with surrounding.

Table 4.2.4B: Relationship between Co-factors ofident Type and Severity — Continued

Co-factor | Factor mv/mv mv/mv mv/mv mv/mv mv/mv Single mv | Single mv
head on rear end | side overtake | turn Rollover crash
Surface Crash & | Bitumen Bitu- Bitumen Bitumen | Bitumen Bitumen Bitumen
Type Fatal Top | (98.6%; men (94.2%; (98.0%; (100.0%; | (85.9%; (90.6%;
in 100.0%) (95.3%; | 100.0%) 100.0%) | 100.0%) 84.6%) 88.5%)
92.9%)
p-value 0.331 0.953 0.986 0.497 _ 0.031 0.172
Road Crash & | Good Good Good Good Good Good Good
Condition | Fatal Top | (98.6%; (98.4%; | (95.9%; (100.0%,; | (100.0%; | (95.4%; (96.2%;
in 100.0%) 100.0%) | 100.0%) 100.0%) | 100.0%) 94.2%) 96.2%)
p-value 0.331 0.975 0.186 _ _ 0.255 0.287
Co-factor | Factor mv/ped- mv/bi- mv/con- mv/un- mv/other | Bicycle/ Bicycle/
estrian cyclist trolled contro- pedestrian | other
Animal lled
Animal
Surface Crash & | Bitumen Bitu- Bitumen Bitumen | Bitumen Bitumen Bitumen
Type Fatal Top | (94.3%; men (50.0%; (100.0%; | (78.4%; (60.0%; (80.0%;
in 94.6%) (91.1%; | 0.0%) 0.0%) 70.9%) 66.7%) 75.0%)
94.8%)
Earth
(50.0%;
100.0%)
p-value 0.522 0.107 0.157 _ 0.002 0.827 0.576
Road Crash & | Good Good Good Good Good Good Good
Condition | Fatal Top | (98.1%; (97.3%; | (100.0%; (100.0%,; | (95.5%; (100.0%; (80.0%;
in 98.2%) 98.8%) 100.0%) 0.0%) 96.4%) 100.0%) 75.0%)
p-value 0.631 0.346 _ _ 0.449 _ 0.576

Findings and discussions described just below tef@able 4.2.4B.

Crash and fatal occur most in bitumen surface itmmavhead on (98.6%; 100.0%), mv/mv rear
end (95.3%; 92.9%), mv/mv side (94.2%; 100.0%), mwbvertake (98.0%; 100.0%), mv/mv
turn (100.0%; 100.0%), single mv rollover (85.9%4.@%), single mv (90.6%; 88.5%),

mv/pedestrian (94.3%; 94.6%), mv/bicyclist (91.194;8%), mv/uncontrolled animal (100.0%;
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0.0%), mv/other (78.4%; 70.9%), bicycle/pedestiia®.0%; 66.7%) and bicycle/other (80.0%;
75.0%) collisions. Besides, crashes peak in bitu(®0%) and earth (50.0%) surfaces while
fatal in earth surface (100.0%) in mv/controllednzad. More allowed driving and crash speed
(Ashton & Mackay, 1983; Nilsson, 1982; Nilsson, I9%asanen, 1991) with improved

motorisation and exposure (Smeed, 1949) risk m@ghes and injuries in bitumen surface.

The relationship between surface type and severityt statistically significant in mv/mv head
on (p = 0.331 > 0.05), mv/mv rear end%£ 0.953 > 0.05), mv/mv side £ 0.986 > 0.05), mv/mv
overtake = 0.497 > 0.05), single myp (= 0.172 > 0.05), mv/pedestriap € 0.522 > 0.05),
mv/bicyclist = 0.107 > 0.05), mv/controlled animal £ 0.157 > 0.05), bicycle/pedestrign=£
0.827 > 0.05) and bicycle/othes € 0.576 > 0.05) collisions while statistically sificant in
single mv rollover ¢ = 0.031 < 0.05) and mv/othgs £ 0.002 < 0.05) accident types. So, risk is
normal in all surface types in all collision typmecept in single mv rollover and mv/other where

it varies with surface type.

Crash and fatal occur only in good/fair conditionniv/mv head on collision (98.6%; 100.0%)
while most in good/fair condition in mv/mv rear e(@B.4%; 100.0%), mv/mv side (95.9%;
100.0%), mv/mv overtake (100.0%; 100.0%), mv/mwt(r00.0%; 100.0%), single mv rollover
(95.4%; 94.2%), single mv (96.2%; 96.2%), mv/pedast (98.1%; 98.2%), mv/bicyclist
(97.3%; 98.8%), mv/controlled animal (100.0%; 100)0 mv/uncontrolled animal (100.0%;
0.0%), mv/other (95.5%; 96.4%) and bicycle/pedast(iL00.0%; 100.0%) collisions, and peak
in bicycle/other (80.0%; 75.0%) collision type. Mallowed driving and crash speed (Ashton &
Mackay, 1983; Nilsson, 1982; Nilsson, 1997; Pasarid91) collectively with improved
motorisation and exposure (Smeed, 1949) risk moashes and injuries in good/fair road

condition.

The relationship between road condition and sewésitnot statistically significant in mv/mv
head ong = 0.331 > 0.05), mv/mv rear enpl £ 0.975 > 0.05), mv/mv side & 0.186 > 0.05),
single mv rollover § = 0.255 > 0.05), single my & 0.287 > 0.05), mv/pedestriam £ 0.631 >
0.05), mv/bicyclist § = 0.346 > 0.05), mv/othep = 0.449 > 0.05) and bicycle/othgr £ 0.576

> 0.05) collisions. Thus, threat is normal in athd conditions in all collision types.
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Table 4.2.4C: Relationship between Co-factors afident Type and Severity — Continued

Co-factor | Factor mv/mv mv/mv mv/mv mv/mv mv/mv Single mv | Single mv
head on rear end | side overtake | turn Rollover crash
Weather Crash & | Dry Dry Dry Dry Dry Dry Dry
Fatal Top | (100.0%; (97.7%; | (99.4%; (100.0%,; | (100.0%; | (98.2%; (97.2%;
in 100.0%) 100.0%) | 100.0%) 100.0%) | 100.0%) 97.1%) 96.2%)
p-value _ 0.993 0.816 _ _ 0.549 0.429
Other Crash & Hit & run | Hit & run Road Road
Factors Fatal Top (1.7%; (2.0%; Works Works
in 0.0%) 0.0%) (0.4%; (0.9%;
0.0%) 0.0%)
p-value _ _ 0.226 0.497 _ 0.003 0.202
Co-factor | Factor mv/ped- mv/bi- mv/con- mv/un- mv/other | Bicycle/ Bicycle/
estrian cyclist trolled contro- pedestrian | other
Animal lled
Animal
Weather Crash & | Dry Dry Dry Dry Dry Dry Dry
Fatal Top | (98.9%; (99.5%; | (100.0%; (100.0%; | (99.3%; (100.0%; (100.0%;
in 99.2%) 98.8%) 100.0%) 0.0%) 100.0%) 100.0%) 100.0%)
p-value 0.273 0.419 _ _ 0.001 _ _
Other Crash & | Hit & run Hit & Hit & run | Hit & run
Factors Fatal Top | (7.6%; run (0.7%; (10.0%;
in 12.4%) (3.9%; | _ _ 1.8%) 0.0%) _
5.8%)
p-value 0.000 0.526 0.836 0.574

Findings and their discussions explained just bekfer to Table 4.2.4C.

Crash and fatal occur most in dry weather in mvi@ar end (97.7%; 100.0%), single mv
rollover (98.2%; 97.1%), single mv (97.2%; 96.2%v/pedestrian (98.9%; 99.2%),

mv/bicyclist (99.5%; 98.8%) and mv/other (99.3%01®%) accident types while only in dry
weather in mv/mv side (99.4%; 100.0%), mv/mv head(©00.0%; 100.0%), mv/mv turn

(100.0%; 100.0%), mv/mv overtake (100.0%; 100.08n)/controlled animal (100.0%; 100.0%),
mv/uncontrolled animal (100.0%; 0.0%), bicycle/pstdan (100.0%; 100.0%) and bicycle/other
(100.0%; 100.0%) collisions. Better visibility amgction in dry weather improve also driving
and crash speed too risk of crash involvement apdyi (Ashton & Mackay, 1983; Nilsson,

1982; Nilsson, 1997; Pasanen, 1991).
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The relationship between weather and severity tsstatistically significant in mv/mv rear end
(p = 0.993 > 0.05), mv/mv side € 0.816 > 0.05), single mv rollovep € 0.549 > 0.05), single
mv (p = 0.429 > 0.05), mv/pedestriap € 0.273 > 0.05) and mv/bicyclisp & 0.419 > 0.05)
collisions while statistically significant in mvimr o = 0.001 < 0.05) accident type. So, risk is

normal in all weather in all collision types exc@ptnv/other where it varies with weather.

Only hit and run crashes were involved in mv/mweqitl. 7%), mv/mv overtake (2.0%), mv/other
(0.7%) and bicycle/pedestrian (10.0%) accident syipecontrast only road works crashes were
involved in single mv rollover (0.4%) and single ®9%) collisions while hit and run crash
and fatal incidents lead in mv/pedestrian (7.6%4%) and mv/bicyclist (3.9%; 5.8%) collision
types. Speed of vehicle is at the core of roadpai®blems (Ashton & Mackay, 1983; Nilsson,
1982; Nilsson, 1997; Pasanen, 1991).

The relationship between other factors and sevaihot statistically significant in mv/mv side
(p = 0.226 > 0.05), mv/imv overtake & 0.497 > 0.05), single mvp(= 0.202 > 0.05),
mv/bicyclist p = 0.526 > 0.05), mv/othep = 0.836 > 0.05) and bicycle/pedestrign=(0.574 >
0.05) collisions while statistically significant isingle mv rollover ¢ = 0.003 < 0.05) and
mv/pedestriang = 0.000 < 0.05) accident types. Thus, threat isnabin all other factors in all

collisions except in single mv rollover and mv/psgttian where it varies with other factors.
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Table 4.2.4D: Relationship between Co-factors afident Type and Severity — Continued

Co-factor | Factor mv/mv mv/mv mv/mv mv/mv mv/mv Single mv | Single mv
head on rear end | side overtake | turn Rollover crash
Speed Crash & | Over Over Over Over Over Over Limit Over
Fatal Top | Limit Limit Limit Limit Limit (96.8%; Limit
in (90.0%; (93.0%; | (93.0%; (86.0%; (77.8%; 97.1%) (97.2%;
95.2%) 92.9%) 100.0%) 100.0%) | 100.0%) 100.0%)
p-value 0.006 0.868 0.774 0.388 0.804 0.399 0.190
Light Crash & | Daylight Daylight | Daylight Daylight | Daylight Daylight Daylight
Condition | Fatal Top | (55.7%; (70.5%; | (64.5%; (82.0%; (83.3%; (67.3%; (61.3%;
in 38.1%) 28.6%) 66.7%) 100.0%) | 100.0%) 63.5%) 61.5%)
Night Night
(44.3%; (29.5%;
61.9%) 71.4%)
p-value 0.007 0.002 0.988 0.304 0.934 0.540 0.695
Co-factor | Factor mv/ped- mv/bi- mv/con- mv/un- mv/other | Bicycle/ Bicycle/
estrian cyclist trolled cont- pedestrian | other
Animal rolled
Animal
Speed Crash & | Over Over Over Over Over Over Limit Over
Fatal Top | Limit Limit Limit Limit Limit (100.0%; Limit
in (93.0%; (95.9%; | (100.0%; (100.0%; | (94.0%; 100.0%) (100.0%;
92.3%) 97.1%) 100.0%) 0.0%) 92.7%) 100.0%)
p-value 0.374 0.302 _ _ 0.009 _ _
Light Crash & | Daylight Daylight | Daylight Night Daylight Daylight Daylight
Condition | Fatal Top | (70.5%; (73.3%; | (50.0%; (66.7%; (67.5%; (90.0%; (80.0%;
in 60.0%) 67.4%) 100.0%) 0.0%) 60.0%) 100.0%) 75.0%)
Night
(50.0%;
0.0%)
p-value 0.000 0.036 0.157 0.269 0.741 0.574 0.576

Findings summarised in Table 4.2.4D are stateddsswlissed just below.

Crash and fatal occur most in above legal speei inmv/mv head on (90.0%; 95.2%), mv/mv
rear end (93.0%; 92.9%), mv/mv side (93.0%; 100,084)/mv overtake (86.0%; 100.0%),
mv/mv turn (77.8%; 100.0%), single mv rollover @%; 97.1%), single mv (97.2%; 100.0%),
mv/pedestrian (93.0%; 92.3%), mv/bicycle (95.9%;19@), mv/controlled animal (100.0%;
100.0%), mv/uncontrolled animal (100.0%; 0.0%), othér (94.0%; 92.7%), bicycle/pedestrian
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(100.0%; 100.0%) and bicycle/other (100.0%; 100.@%4l)isions. Driving speeds over legal
limit risk extra crashes and injuries (Ashton & Mag, 1983; McLean & Kloeden, 2002;
Nilsson, 1982; Nilsson, 1997; Pasanen, 1991).

The relationship between speed and severity issstaily significant in mv/mv head omp (=
0.006 < 0.05) and mv/othep & 0.009 < 0.05) collisions while not statisticalignificant in
mv/mv rear endg(= 0.868 > 0.05), mv/mv side € 0.774 > 0.05), mv/mv overtake £ 0.388 >
0.05), mv/imv turn @ = 0.804 > 0.05), single mv rollovep € 0.399 > 0.05), single myp (=
0.190 > 0.05), mv/pedestriap € 0.374 > 0.05) and mv/bicyclisp & 0.302 > 0.05) accident
types. Thus, risk is normal in all speeds in allisions except in mv/mv head on and mv/other

where it varies with speed.

Crashes peak in daylight while fatal in night in/mv head on (55.7%, 61.9%) and mv/mv rear
end (70.5%; 71.4%) collisions on the contrary ceasipeak in daylight (50.0%) and night
(50.0%) while fatal in daylight (100.0%) in mv/cooited animal accident type. Besides, both
top in daylight in mv/mv side (64.5%; 66.7%), mv/ravertake (82.0%; 100.0%), mv/mv turn

(83.3%; 100.0%), single mv rollover (67.3%; 63.5%hgle mv (61.3%; 61.5%), mv/pedestrian
(70.5%; 60.0%), mv/bicyclist (73.3%; 67.4%), mWet (67.5%; 60.0%), bicycle/pedestrian
(90.0%; 100.0%) and bicycle/other (80.0%; 75.0%]Jlistons though lead in night in

mv/uncontrolled animal accident type (66.7%; 0.0%).

Enhanced motorisation and exposure (Smeed, 194€)danser traffic mix with high speed
traffic (Tiwari, Mohan & Fazio, 1998) lead to highesk of crash involvement and injury in
daylight while greater mean free, driving and crapked (Nilsson, 1982; Nilsson, 1997) is a

major risk factor during night.

The relationship between light condition and seyeas statistically significant in mv/mv head
on (p = 0.007 < 0.05), mv/mv rear eng £ 0.002 < 0.05), mv/pedestriam ¥ 0.000 < 0.05) and
mv/bicyclist o = 0.036 < 0.05) accident types while not statatycsignificant in mv/mv sidep(
= 0.988 > 0.05), mv/imv overtake € 0.304 > 0.05), mv/mv turrp(= 0.934 > 0.05), single m/v
rollover (p = 0.540 > 0.05), single myp (= 0.695 > 0.05), mv/controlled anima € 0.157 >
0.05), mv/uncontrolled animalp(= 0.269 > 0.05), mv/otherp(= 0.741 > 0.05),
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bicycle/pedestrianp(= 0.574 > 0.05) and bicycle/othgr£ 0.576 > 0.05) collisions. Thus, threat
is regular in all light conditions in all collisiotypes except in mv/mv head on, mv/mv rear end,

mv/pedestrian and mv/bicyclist where it change$ \Wight condition.

Table 4.2.5A: Relationship between Co-factors ch@RGeometry and Severity

Co-factor | Factor Straight | Curve T-junc- | Round Y-junc- | X-junc- | +-junc- | Bridge
Road tion About tion tion tion
Surrou- Crash & | Rural Rural Urban Urban Urban Urban Urban Rural
nding Fatal Top in | (48.7%; | (68.2%; | (68.0%; | (100%; (71.4%; | (66.7%; | (86.4%; | (58%;
64.9%) 70.5%) | 37.5%) 100%) 0.0%) 0.0%) 50%) 69.2%)
Rural Rural Rural
(21.1%; (21.4%; | (33.3%;
42.5%) - 100.0%) | 100.0%)
p-value 0.000 0.076 0.000 0.520 0.223 0.093 0.721
Surface Crash & | Bitu- Bitu- Bitu- Bitu- Bitu- Bitu- Bitu- Bitu-
Type Fatal Top in | men men men men men men men men
(92.5%; | (87.5%; | (94.3%; | (100%; (92.9%; | (100%; (100%; (87%;
92.2%) 87.1%) 97.5%) 100%) 100%) 100%) 100%) 92.3%)
p-value 0.344 0.552 0.788 - 0.897 - - 0.913
Road Crash & | Good Good Good Good Good Good Good Good
Condition | Fatal Topin | (97.9%; | (95.8%; | (97.4%; | (100%; (100%; (100%; (100%; (91.3%;
97.4%) 98.5%) 100.0%) | 100%) 100%) 100%) 100%) 96.2%)
p-value 0.694 0.108 0.516 - - - - 0.739
Weather Crash & | Dry Dry Dry Dry Dry Dry Dry Dry
Fatal Top in | (99.2%; | (97.9%; | (99.5%; | (100%; (100%; (100%; (100%; (97.1%;
99.1%) | 97.0%) | 97.5%) | 100%) | 100%) | 100%) | 100%) | 100.0%)
p-value 0.388 0.189 0.276 - - - - 0.228
Other Crash & | Hit Hit Hit Hit &
Factors Fatal Top in | &run &run &run run
(4.9%; (4.9%; (2.1%j; - - - - (5.8%;
8.8%) 8.8%) 5.0%) 11.5%)
Road
Works
(0.2%;
0.2%)
p-value 0.000 0.921 0.411 0.519
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In Table 4.2.5A, crash and fatal incidents peakuial in straight road (48.7%; 64.9%), curve
(68.2%; 70.5%) and bridge (58.0%; 69.2%) on thetreoy lead in urban in +-junction (86.4%;
50.0%) and roundabout (100.0%; 100.0%). In additmash and fatal occur most in bitumen
surface in straight road (92.5%; 92.2%), curve 8. 87.1%), T-junction (94.3%; 97.5%),
roundabout (100.0%; 100.0%), y-junction (92.9%; .008), x-junction (100.0%; 100.0%), +-
junction (100.0%; 100.0%) and bridge (87.0%; 92.3%nd in good/fair road condition in
straight road (97.9%; 97.4%), curve (95.8%; 98.5%jinction (97.4%; 100.0%), roundabout
(100.0%; 100.0%), y-junction (92.9%; 100.0%), xgtion (100.0%; 100.0%), +-junction
(100.0%; 100.0%) and bridge (91.3%; 96.2%). Alikeey happen most in dry weather in
straight road (99.2%; 99.1%), curve (97.9%; 97.@%d bridge (97.1%; 100.0%) though only in
dry weather in T-junction (99.5%; 97.5%), roundab@00.0%; 100.0%), y-junction (92.9%;
100.0%), x-junction (100.0%; 100.0%) and +-junctid®0.0%; 100.0%). Besides, crash and
fatal in hit and run (4.9%; 8.8%) are more thanoad works (0.2%; 0.2%) in straight road while
only hit and run in curve (4.9%; 8.8%), T-juncti¢thl1%; 5.0%) and bridge (5.8%; 11.5%).

More allowed driving and crash speed (Nilsson, 198&son, 1997) in rural risk more crashes
and injuries in straight road, curve and bridge l&vléenhanced motorisation and exposure
(Smeed, 1949) along with extreme traffic mix witlghhspeed traffic (Tiwari, Mohan & Fazio,
1998) in urban area lead to higher risk of crasholvement and injury in junctions and
roundabout. Similarly, improved driving and cragfeed (Nilsson, 1982; Nilsson, 1997) and
enhanced motorisation and exposure (Smeed, 1%I)rore crashes and injuries in bitumen
surface and good/fair road condition while bettisibility and traction in dry weather improve
also driving and crash speed too risk of craslolirament and injury (Nilsson, 1982; Nilsson,
1997). As for other factors, improved driving amdsh speed (Ashton & Mackay, 1983; Nilsson,
1982; Nilsson, 1997; Pasanen, 1991) in straighd,rcarve, T-junction and bridge risk more
safety problems of hit and run. Driving speed ismmally higher in main trunk of T-junction and

two-way bridge.

The relationship between surrounding and sevesistatistically significant in straight roagl €
0.000 < 0.05) and T-junctiom (= 0.000 < 0.05) while not statistically signifi¢an curve p =
0.076 > 0.05), Y-junctionp(= 0.520 > 0.05), +-junctiorp(= 0.093 > 0.05), x-junctiorp(= 0.223
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> 0.05) and bridgep(= 0.721 > 0.05) thus hazard is standard in altosundings in all road
geometry except in straight road and T-junction ighe varies with surrounding. Besides, the
relationship between surface type and severitytsstatistically significant in straight roag £
0.344 > 0.05), curvep(= 0.552 > 0.05), T-junctiorp(= 0.788 > 0.05), y-junctiorp(= 0.897 >
0.05) and bridgep(= 0.913 > 0.05) so threat is regular in all sugfages in all road geometry.

The relationship between road condition and sewésitnot statistically significant in straight
road o = 0.694 > 0.05), curvep(= 0.108 > 0.05), T-junctiorp(= 0.516 > 0.05) and bridge €
0.739 > 0.05) so risk is standard in all road cbods in all road geometry. Alike, the
relationship between weather and severity is natissically significant in straight roac (=
0.388 > 0.05), curvep(= 0.189 > 0.05), T-junctiorp(= 0.276 > 0.05) and bridge € 0.228 >
0.05) hence risk is normal in all weather in alhdogeometry. Also, the relationship between
other factors and severity is statistically sigrafit in straight roadpb(= 0.000 < 0.05) while not
statistically significant in curvep(= 0.921 > 0.05), T-junctiorp(= 0.411 > 0.05) and bridge €
0.519 > 0.05) therefore peril is normal in all otfectors in all road geometry except in straight

road where it differs with other factors.
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Table 4.2.5B: Relationship between Co-factors cidRGeometry and Severity - Continued

Co-factor | Factor Straight | Curve T-junc- | Round Y-junc- | X-junc- | +-junc- | Bridge
Road tion About tion tion tion
Animals Crash & | Animal
Fatal Top in | Statio-
nary (1)
p-value 0.045
Obstruc- Crash & | Drop- Rocks
tion Fatal Top in | ped (0.3%)
cargo &
) Others
(0.3%)
p-value 0.594 0.738
Speed Crash & | Over Over Over Over Over Over Over Over
Fatal Top in | limit limit limit limit limit limit limit limit
(93.7%; | (96.4%; | (93.8%; | (92.9%; | (100%; (100%; | (77.3%; | (94.2%;
94.2%) | 95.5%) | 100.0%) | 75.0%) | 100%) | 100%) | 50.0%) | 96.2%)
Within
(22.7%;
50.0%)
p-value 0.112 0.700 0.118 0.442 - - 0.529 0.745
Light Crash & | Day Day Day Day Day Day Day Day
Condition | Fatal Top in | light light light light light light light light
(68.7%; | (69.9%; | (76.3%; | (85.7%; | (78.6%; | (100%; | (72.7%; | (60.9%;
60.8%) | 64.4%) | 70.0%) | 100.0%) | 100.0%) | 100%) 100.0%) | 46.2%)
Night
(39.1%;
53.8%)
p-value 0.000 0.013 0.642 0.241 0.190 0.095 0.075

In Table 4.2.5B, animal stationary on the road lmed damages only crash in straight road
while dropped cargo, rocks/landslide and otherralbbns involved crashes in straight road and
curve respective. Besides, crash and fatal incgdentur most in above legal limit in straight
road (93.7%; 94.2%), curve (96.4%; 95.5%), roundal{f2.9%; 75.0%), T-junction (93.8%;
100.0%), +-junction (77.3%; 50.0%) and bridge (94,26.2%) while peak in daylight in
straight road (68.7%; 60.8%), curve (69.9%; 64.4&undabout (85.7%; 100.0%), T-junction
(76.3%; 70.0%), y- junction (78.6%; 100.0%) andumgtion (72.7%; 100.0%). However,

crashes (60.9%) peak in daylight while fatal (53)&%might in bridge.
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Improved driving and crash speed (Nilsson, 1982s9dn, 1997) in straight road and curve
increase risk of crash involvement with animals andbstructions similarly driving and crash
speeds above legal limit lead to higher risk oShraavolvement and injury (Ashton & Mackay,
1983; McLean & Kloeden, 2002; Pasanen, 1991). Wieifdhhanced motorisation and exposure
(Smeed, 1949) with dense traffic mix with high spéaffic (Tiwari, Mohan & Fazio, 1998) risk
more crashes and injuries in daylight in additiorader mean free, driving and crash speed
during night (Nilsson, 1982; Nilsson, 1997), unfongg guardrails or their supports (Forgiving
Roadsides, 1998; Kloeden, South Australia & NHMR&@® Accident Research Unit, 1999) and

missing guardrails because of vandalism risk masaialties in bridges.

The relationship between animal and severity isissizally significant in straight roadp (=
0.045 < 0.05) thus animal risk is greater in straigpbad. Besides, the relationship between
obstructions and severity is not statistically gigant in straight roadp( = 0.594 > 0.05) and
curve p = 0.738 > 0.05) and so risk is normal in all obstions in all road geometry and the
relationship between speed and severity is nosstatlly significant in straight roag (= 0.112

> 0.05), curved = 0.700 > 0.05), roundaboyt € 0.442 > 0.05), T-junctiorp(= 0.118 > 0.05),
+-junction p = 0.529 > 0.05) and bridge € 0.745 > 0.05) hence hazard is normal in all dpee

in all road geometry.

The relationship between light condition and sayasi statistically significant in straight roag (
= 0.000 < 0.05) and curve € 0.013 < 0.05) but not statistically significantroundaboutd =
0.241 > 0.05), T-junctiorp(= 0.642 > 0.05), y-junctiorp(= 0.190 > 0.05), +-junctiorp(= 0.095
> 0.05) and bridgep(= 0.075 > 0.05) thus risk is regular in all ligitinditions in all road

geometry except in straight road and curve wherhanges with light condition.
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Table 4.2.6: Relationship between Co-factors of@urding and Severity

Co-factor Factor Rural Area Urban Area Peril-urban Farm/compound

Surface Type Crash & Fatal | Bitumen Bitumen Bitumen Bitumen
Top in (88.3%; 90.9%) (96.9%; 95.6%) (93.3%; 95.5%) (47.8%; 46.2%)

Earth
(47.8%; 53.8%)

p-value 0.011 0.918 0.114 0.056

Road Condition | Crash & Fatal | Good/fair Good/fair Good/fair Good/fair
Top in (96.5%; 97.5%) (98.3%; 98.5%) (100%; 100%) (87.0%; 84.6%)
p-value 0.229 0.592 - 0.051

Weather Crash & Fatal | Dry Dry Dry Dry
Top in (98.7%; 98.2%) (99.7%; 100%) (100%; 100%) (91.3%; 100%)
p-value 0.502 0.337 0.690 0.031

Other Factors Crash & Fatal | Hit & run Hit & run Hit & run Hit & run
Top in (5.3%; 8.2%) (3.1%; 6.9%) (3.1%; 5.7%) (4.3%; 7.7%)
p-value 0.000 0.002 0.276 0.848

Speed Crash & Fatal | Above Limit Above Limit Above Limit Above Limit
Top in (96.3%; 96.8%) (91.6%; 88.2%) (92.7%; 93.2%) (100%; 100%)
p-value 0.795 0.000 0.682 -

Light Condition | Crash & Fatal | Daylight Daylight Daylight Daylight
Top in (66.7%; 59.0%) (73.3%; 68.0%) (67.9%; 62.5%) (60.9%; 76.9%)
p-value 0.000 0.207 0.529 0.178

Reference is made to findings summarised in Tal2&64

Crash and fatal occur most in bitumen surface malr(88.3%; 90.9%), urban (96.9%; 95.6%)
and peri-urban (93.3%; 95.5%), in good/fair roadhditon in rural (96.5%; 97.5%), urban

(98.3%; 98.5%) and farm/compound (87.0%; 84.6%)lrmn weather in rural (98.7%; 98.2%),

urban (99.7%; 100.0%), peri-urban (100.0%; 100.@%J farm/compound (91.3%; 100.0%),
and in above legal speed limit in rural (96.3%;896), urban (91.6%; 88.2%), peri-urban
(92.7%; 93.2%) and farm/compound (100.0%; 100.0%i)eapeak in hit and run in rural (5.3%;

8.2%), urban (3.1%; 6.9%), peri-urban (3.1%; 5. &) farm/compound (4.3%; 7.7%), and in
daylight in rural (66.7%; 59.0%), urban (73.3%; @8), peri-urban (67.9%; 62.5%) and
farm/compound (60.9%; 76.9%). As for farm/compoucishes peak in bitumen (47.8%) and
earth (47.8%) surfaces while fatal in earth suri@3:8%).
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More allowed driving and crash speed (Nilsson, 198RIsson, 1997) with improved
motorisation and exposure (Smeed, 1949) risk m@shes and injuries in bitumen surface and
good/fair road condition while clear visibly andogbtraction in dry weather improve also
driving and crash speed as well as risk of roaddaots (Nilsson, 1982; Nilsson, 1997).
Similarly, more allowed driving and crash speedgddn, 1982; Nilsson, 1997) in rural and peri-
urban, and enhanced motorisation and exposure (5rhi@49) along with dense traffic mix with
high speed traffic (Tiwari, Mohan & Fazio, 1998) urban and peri-urban are core safety
problems of hit and run. Besides, driving speedsvalegal limit lead to higher risk of crash
involvement and injury (Ashton & Mackay, 1983; Mare & Kloeden, 2002; Pasanen, 1991),
and enhanced motorisation and exposure (Smeed) 18g&her with intense traffic mix with
high speed traffic (Tiwari, Mohan & Fazio, 1998)asthe core of high crash involvement and

injury in daylight.

The relationship between surface type and sevisrgatistically significant in rurap(= 0.011 <
0.05) but not statistically significant in urbam £ 0.918 > 0.05), peri-urbap & 0.114 > 0.05)
and farm/compound (= 0.056 > 0.05) thus risk is normal in all surfégees in all surroundings
except in rural where it changes with surface typéile, the relationship between road
condition and severity is not statistically sigo#nt in rural § = 0.229 > 0.05), urbamp & 0.592

> 0.05) and farm/compoung €& 0.051 > 0.05) so threat is normal in all roadditons in all

surroundings.

The relationship between weather and severity istatistically significant in ruralp(= 0.502 >
0.05), urbangd = 0.337 > 0.05) and peri-urbam£ 0.690 > 0.05) while statistically significant in
farm/compoundg = 0.031 < 0.05) thus risk is normal in all weatimeall surroundings except in
farm/compound where it varies with weather. Likeayithe relationship between other factors
and severity is statistically significant in rual = 0.000 < 0.05) and urbap € 0.002 < 0.05)
but not statistically significant in peri-urbam £ 0.276 > 0.05) and farm/compound=< 0.848 <
0.05) therefore risk changes with other factorsalinsurroundings except in peri-urban and

farm/compound where it is normal in all other fasto
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The relationship between speed and severity istadistically significant in ruralp(= 0.795 >
0.05) and peri-urbarp(= 0.682 > 0.05) while statistically significantiumban p = 0.000 < 0.05)
so hazard is normal in all speeds in all surrougsliexcept in urban where it varies with speed.
Similarly, the relationship between light conditiand severity is statistically significant in rural
(p = 0.000 < 0.05) while not statistically signifi¢an urban p = 0.207 > 0.05), peri-urbap €
0.529 > 0.05) and farm/compoung=£ 0.178 < 0.05) thus peril is standard in all tighnditions

in all surroundings except in rural where it vamgth light condition.

Table 4.2.7: Relationship between Co-factors of&ar Type and Severity

Co-factor Factor Bitumen Gravel Earth

Road Condition Crash & Fatal Top | Good/fair Good/fair Good/fair
in (99.5%; 99.7%) (69.4%; 60.0%) (75.5%; 70.0%)
p-value 0.290 0.706 0.212

Weather Crash & Fatal Top | Dry (99.3%; 98.9%) Dry (97.2%; 90.0%) Dry (96.9%; 98.4%)
in
p-value 0.106 0.445 0.120

Other Factors Crash & Fatal Top | Hit & run Hit & run (2.8%) Hit & run
in (4.4%; 8.2%) (4.4%; 8.2%)
p-value 0.000 0.656 0.149

Speed Crash & Fatal Top | Over Legal Limit Over Legal Limit Over Legal Limit
in (93.7%; 94.7%) (91.7%; 70.0%) (98.7%; 96.7%)
p-value 0.196 0.037 0.354

Light Condition Crash & Fatal Top | Daylight Daylight Daylight
in (68.5%; 60.1%) (83.3%; 80.0%) (80.5%; 78.7%)
p-value 0.000 0.833 0.808

Results summarised iable 4.2.7 refers.

Crash and fatal peak in good/fair condition in byign (99.5%; 99.7%), gravel (69.4%; 60.0%)
and earth (75.5%; 70.0%) surfaces, in hit and rubitumen (4.4%; 8.2%), earth (1.9%; 1.6%)
and gravel (2.8%; 0.0%) surfaces, and in daylighbitumen (68.5%; 60.1%), gravel (83.3%;
80.0%) and earth (80.5%; 78.7%) surfaces while niostlry weather in bitumen (99.3%;
98.9%), gravel (97.2%; 90.0%) and earth (96.9%4%8.surfaces, and in above legal speed
limit in bitumen (93.7%; 94.7%), gravel (91.7%; G%) and earth (98.7%; 96.7%) surfaces.
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More allowed driving and crash speed (Nilsson, 198RIsson, 1997) with improved
motorisation and exposure (Smeed, 1949) lead tieehigsk of crash involvement and injury in
good/fair road condition while good traction aneasl visibility in dry weather improve also
driving and crash speed too risk of road accidé¢Nitsson, 1982; Nilsson, 1997). Speed of
vehicle is at the core of hit and run safety protdgand driving above legal speed limit lead to
higher risk of crash involvement and injury (Asht&Mackay, 1983; McLean & Kloeden,
2002; Nilsson, 1982; Nilsson, 1997; Pasanen, 1988sides, enhanced motorisation and
exposure (Smeed, 1949) along with dense trafficwith high speed traffic (Tiwari, Mohan &

Fazio, 1998) risk more crashes and injuries iniday!l

The relationship between road condition and sevesihot statistically significant in bitumep (

= 0.290 > 0.05), gravep(= 0.706 > 0.05) and earth € 0.212 > 0.05) surfaces hence risk is
normal in all road conditions in all surface typ8snilarly, the relationship between weather and
severity is not statistically significant in bitumsurface ¢ = 0.106 > 0.05), gravel surface £
0.445 > 0.05) and earth surfage=0.120 > 0.05) therefore threat is regular inadhther in all

surface types.

The relationship between other factors and sevexisfatistically significant in bitumen surface
(p = 0.000 < 0.05) while not statistically signifi¢an gravel surfacep(= 0.656 > 0.05) and earth
surface = 0.149 > 0.05) so threat varies with other faciarall surface types except in gravel
and earth surfaces where it is ordinary in all oflaetors. Similarly, the relationship between
speed posted and severity is not statisticallyiggmt in bitumen surfacep(= 0.196 > 0.05) and
earth surfacep(= 0.354 > 0.05) but statistically significant inagel surfaceq = 0.037 < 0.05)

so risk is normal in all speeds in all surface s/p&cept in gravel where it changes with speed
and the relationship between light condition andeséy is statistically significant in bitumen
surface § = 0.000 < 0.05) while not statistically signifi¢can gravel surfacep(= 0.833 > 0.05)
and earth surfacep (= 0.808 > 0.05) thus risk is standard in all ligioinditions in all surface

types except in bitumen where it varies with lighhdition.

68



Table 4.2.8: Relationship between Co-factors ofdRGandition and Severity

Co-factor Factor Good/fair Potholes Corrugated Slippery
Weather Crash & Fatal | Dry Dry Dry rain
Top in (99.3%; 98.9%) | (96.8%; (100%; 100%) | (57.1%;
92.3%) 100.0%)
p-value 0.189 0.698 - 0.140
Other Factors | Crash & Fatal | Hit & run
Top in (4.2%; 7.8%)
p-value 0.000
Animal Crash & Fatal | Stationary on
Top in Road (1)
p-value 0.068
Obstruction Crash & Fatal | Dropped cargo | Other (1)
Top in /rocks/others
®3)
p-value 0.718 0.651
Speed Crash & Fatal | Above Limit Above Limit Above Limit Above Limit
Top in (94.0%; 94.8%) | (90.3%; (100%; 100%) | (100%; 100%)
76.9%)
p-value 0.089 0.204 - -
Light Crash & Fatal | Daylight Daylight Daylight Daylight
Condition Top in (69.3%; 61.4%) (77.4%; (70%; 33.3%) (71.4%;
76.9%) 100.0%)
Night
(30.0%; 66.7%)
p-value 0.000 0.790 0.078 0.646

Reference is made to Table 4.2.8. Crash and fatatlents occur most in dry weather in
good/fair road condition (99.3%; 98.9%) though oinlgry weather in potholes (96.8%; 92.3%)
and corrugated (100.0%; 100.0%) conditions, argbiove legal speed limit in good/fair (94.0%;
94.8%), potholes (90.3%; 76.9%), corrugated (100.000.0%) and slippery (100.0%; 100.0%)
conditions while peak in rain weather in slippepndition (57.1%; 100.0%), in hit and run in
good/fair condition (4.2%; 7.8%) and in daylightgood/fair (69.3%; 61.4%), potholes (77.4%;
76.9%) and slippery conditions (71.4%; 100.0%).mali stationary on road, dropped cargo and

rocks/landslide obstructions also involved crashegod/fair condition while other obstructions
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in pothole condition. However, crashes (70.0%)itogaylight but fatal (66.7%) during night in

corrugated road condition.

More allowed driving and crash speed (Nilsson, 198i&sson, 1997) in dry weather improve

also risk of crash involvement and injury in moetd conditions in contrast rain weather
increase slippery condition leading to reduced elehraction and braking efficiency but higher
risk of road accidents. Speed of vehicle is atcttre of crash and injury problems in hit and run,
animals and obstructions, and driving above legakd limit risk extra crashes and injuries (de
Langen, 2006; McLean & Kloeden, 2002; Nilsson, 198&Isson, 1997) while enhanced

motorisation and exposure (Smeed, 1949) in daylegd to higher risk of crash involvement

and injury in most road conditions.

The relationship between weather and severity is gtatistically significant in good/fair
condition ¢ = 0.189 > 0.05), potholep & 0.698 > 0.05) and slippery conditiom £ 0.140 >
0.05) so threat is ordinary in all weather in alad conditions. Likewise, the relationship
between animals and severity is not statisticatipiicant in good/fair conditionp(= 0.068 >
0.05) hence animal risk is regular in good/fairdaandition while the relationship between
other factors and severity is statistically sigrafit in good/fair conditionp(= 0.000 < 0.05) thus

risk in other factors is greater in good/fair raahdition.

The relationship between obstructions and sevesitgot statistically significant in good/fair
condition p = 0.718 > 0.05) and potholes € 0.651 > 0.05) therefore risk is normal in all
obstructions in all road conditions. Equally, tleationship between speed and severity is not
statistically significant in good/faip(= 0.089 > 0.05) and potholgs £ 0.204 > 0.05) conditions
thus hazard is standard in all speeds in all raadlitions while the relationship between light
condition and severity is statistically significantgood/fair road conditionp(= 0.000 < 0.05)
but not statistically significant in potholes £ 0.790 > 0.05), corrugated conditign£ 0.078 >
0.05) and slippery conditiomp & 0.646 > 0.05) therefore risk is normal in ajhli conditions in

all road conditions except in good/fair conditiohere it changes with light condition.
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Table 4.2.9: Relationship between Co-factors of Weaand Severity

Co-factor

Factor

Dry

Rain

Mist

Windy

Other factors

Crash & Fatal
Top in

p-value

Hit & run
(4.2%; 7.6%)

0.000

Hit & run
(7.7%; 12.5%)

0.879

Speed

Crash & Fatal
Top in

p-value

Over Legal Limit
(94.0%; 94.5%)

0.096

Over Legal Limit
(100.0%; 100.0%)

Light Condition

Crash & Fatal
Top in

Daylight
(69.6%; 61.7%)

Daylight
(53.8%; 62.5%)

p-value 0.000 0.428

Findings summarised in Table 4.2.9 point out ciasth fatal incidents peak in hit and run in dry
(4.2%; 7.6%) and rain (7.7%; 12.5%) weather, anddaylight in dry (69.6%; 61.7%) and rain
(53.8%; 62.5%) weather while occur most in abogmllespeed limit in dry (94.0%; 94.5%) and
rain (100.0%; 100.0%) weather.

Good traction and clear visibility in dry weathergrove also driving and crash speed too risk of
road accidents (Ashton & Mackay, 1983; Nilsson, Z98ilsson, 1997; Pasanen, 1991) on the
contrary reduced visibility in rain weather leadré@d users not notice each other prior to crash
involvement. Driving and crash speeds above legal generally risk extra crashes and injuries
(Ashton & Mackay, 1983; McLean & Kloeden, 2002; $¢ibn, 1982; Nilsson, 1997; Pasanen,
1991) while enhanced motorisation and exposure €é8m&949) along with dense traffic mix
with high speed traffic (Tiwari, Mohan & Fazio, 189increase also risk of crash involvement

and injury in daylight.

The relationship between other factors and severiggatistically significant in dry weathey €
0.000 < 0.05) while not statistically significamt fain weather = 0.879 > 0.05) so hazard
varies with other factors in dry weather whilesitnormal in all other factors in rain weather. The
same, the relationship between light condition aederity is statistically significant in dry
weather § = 0.000 < 0.05) but not statistically significantrain weatherd = 0.428 > 0.05)

therefore risk varies with light condition in dryeather while ordinary in all light conditions in
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rain weather. Also, the relationship between spmedi severity is not statistically significant in

dry weather g = 0.096 > 0.05) thus peril is regular in all speeddry weather.

Table 4.2.10: Relationship between Co-factors tfe®Factors and Severity

Co-factor Factor Hit & run Road Works
Speed Crash & Fatal Top in Over Legal Limit Over Legal Limit
(90.3%; 92.4%) (50.0%; 0.0%)
Within Limit

(50%; 100%)

p-value 0.663 0.135
Light Condition Crash & Fatal Top in Night Daylight
(72.8%; 81.8%) (75.8%; 100.0%)
p-value 0.015 0.135

In Table 4.2.10, hit and run crash and fatal ocgast in above legal speed limit (90.3%; 92.4%)
and peak in night (72.8%; 81.8%) while crashesO0®).involved at road works lead in both
above and within legal speed limit respective matalf in below legal speed limit (100.0%)
besides crash and fatal incidents involved at maiks peak in daylight (75.8%; 100.0%).

Driving and crash speeds above legal limit gengtalid to higher risk of crash involvement and
injury (McLean & Kloeden, 2002; Nilsson, 1982; Nits1, 1997; World Bank and WHO, 2004).
Greater mean free, driving and crash speed (Ashtblackay, 1983; McLean & Kloeden, 2002;
Nilsson, 1982; Nilsson, 1997; Pasanen, 1991; WBddk and WHO, 2004), enhanced drunken
driving (Clayton, Colgan & Tunbridge, 2000; Compteh al., 2002; Elvic and Vaa, 2004;
McLean & Holubowycz, 1980; Moskowitz et al., 20@#)d lack of retro-reflective equipment in
unprotected road users (European Transport Safaiynel, 2000; World Bank & WHO, 2004)
risk more hit and run road accidents during nighilevimproved motorisation and exposure
(Smeed, 1949) and intense traffic mix with highesp&affic (Tiwari, Mohan & Fazio, 1998) are

core safety problems at road works in daylight.

The relationship between speed and severity isstatistically significant in hit and rump (=
0.663 < 0.05) and road works € 0.135 > 0.05) then threat is normal in all sgeadother
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factors. While, the relationship between light ctind and severity is statistically significant in
hit and run § = 0.015 < 0.05) but not statistically significantroad works ¢ = 0.135 > 0.05)
thus risk varies with light condition in hit andnruvhile it is standard in all light conditions at

road works.

Table 4.2.11: Relationship between Co-factor ofesipend Severity

Co-factor Factor Unknown Speed Below Speed Over Speed Limit
Limit
Light Condition Crash & Fatal Top | Daylight Daylight Daylight

in

(78.6%; 80.0%)

(72.3%; 67.4%)

(69.3%; 61.3%)

p-value 0.548 0.573 0.000

In Table 4.2.11, crash and fatal occurrence peaaytight in unknown (78.6%; 80.0%), within
legal limit (72.3%; 67.4%) and above legal limi©(8%; 61.3%) speeds. Enhanced motorisation
and exposure (Smeed, 1949) together with denskctrafx with high speed traffic (Tiwari,
Mohan & Fazio, 1998) risk more road accidents iyligat. Since pedestrians have less chance
of surviving impacts even at lower crash speed {@sh& Mackay, 1983; Pasanen, 1991),

mv/pedestrian collisions likely dominate in drivisgeeds below legal limit.

The relationship between light condition and sdyds not statistically significant in unknown
speed § = 0.548 > 0.05), within legal speed limip € 0.573 < 0.05) while statistically
significant in above legal speed limjt € 0.000 < 0.05). Therefore, risk is standard inight

conditions in unknown speed and within legal sp@ad while changes with light condition in

over legal speed limit.
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4.3.2 Analysis of Road Users Crash Injury Data

Table 4.2.12: Relationship between Road User Type@jury

Road User Involved Killed Serious Minor Ratio Ratio
Injured Injured (Fatal (Fatal: Minor)
: Serious)

Pedestrians 1195 474 374 (42.3%) | 346 (22.6%) | 1.27:1 1.37:1
(20.7%) (48.0%)

Passengers 1276 258 300 (33.9%) | 689 (45.1%) | 0.86:1 0.44:1
(22.1%) (26.1%)

Bicyclists 447 (7.7%) 176 110 (12.4%) | 138 (9.0%) 1.6:1 1.28:1

(17.8%)

Drivers 2758 68 (6.9%) | 75 (8.5%) 316 (20.7%) | 0.91:1 0.22:1
(47.7%)

Motorcyclists | 93 (1.6%) 10 (1.0%) | 26 (2.9%) 38 (2.5%) 0.38:1 0.26:1

Animal 3 (0.1%) 1 (0.1%) 0 (0.0%) 1(0.1%) 1:0 1:1

Drivers

Totals 5772 + 987 885 1528 1.12:1 0.65:1
(5 unknown)

p-value | 0.000 |

As summarised in Table 4.2.12, about 5,777 peoplewvolved in road accidents and fatality
lead in pedestrians (48.0%), followed by passen@&§4%), bicyclists (17.8%), drivers (6.9%),
motorcyclists (1.0%) and animal drivers (0.1%). €#dans (fatal: 474; severe: 374 & minor:
346) and bicycle riders (fatal: 176; severe: 11@n&or: 138) are killed more than serious and
minor injured, and fatality is generally 1.12 timgeater than severe injuries while about 0.65

times of minor injuries.

Lack of traffic speed calming measures (World Bamd WHO, 2004), safe crosswalks (de
Langen et al., 2006) and retro-reflective/protextiequipment (European Transport Safety
Council, 2000) together with intense traffic mixtlvhigh speed traffic (Tiwari, Mohan & Fazio,

1998) and negative behaviour of drivers towards-momorised traffic (de Langen et al., 2006)
lead to higher risk of crash and injury in pedestsi and bicyclists. While, high crash speed
(Insurance Institute for Highway Safety, 1987; Bds, 1982; Nilsson, 1997) and low seatbelt
use (Hill, Morris & Mackay, 1992) risk more crashjuries in car occupants. Save for high

compliance in helmet use, fatality is low in motgriests.
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The relationship between road user type and crgshyiis statistically significantp(= 0.00 <

0.05) therefore other road users are more vulnetahioad accidents.

Table 4.2.13: Relationship between Road User Cleiatics and Injury

Factor Road User Gender Road User Age Seatbelt/helmet
(years) Use

Crash & Fatality Lead in Males 25-44 Unknown

(87.2%; 84.4%) (66.3%; 53.7%) (75.0%; 81.7%)

1-10 Fatality:
(5.5%; 12.5%) Not Used (16.5%)
18-24 Used (1.8%)
(12.4%; 12.4%)

p-value 0.00 0.000 0.000

Findings summarised in Table 4.2.13 express mald users (87.2%; 84.4%) are involved and
killed more than females (12.6%; 15.5%) besidestcranvolvement (66.3%) and fatality
(53.7%) lead in road user age group 25-44 yeatslityafollow second (12.5%) in age group 1-
10 years (children) despite low crash involvemé&m%) while peak third (12.4%) in age group
18-24 years though crash involvement is secondelsigfi2.4%). Also, fatality in crash victims
did not use seatbelt/helmet (16.5%) is greater thahose used (1.8%) correspondingly large
fatality (81.7%) in crash victims not unknown whatlused seatbelt/helmet inform majority did

not and do not comply to seatbelt/helmet use.

Males in most low-income countries are bread wisrier their families and so travels more for
economic activities outside home or farm compacefinales and are thus more exposed to the
risk of road accidents also males are less condemth safety and are thus more likely to
violate traffic rules (SIDA, 2006). Similarly, roagsers in productive age group 18-24years &
25-44 years mainly males travel more on social-enva errands and are thus more exposed to
risk of road accidents and males are less concenittdsafety and are thus more likely to
violate traffic rules (SIDA, 2006).

Lack of child seat restraint legislative law andjulations in the Road Traffic Act (1997),

inadequate knowledge in road safety and less fiodybanatomy risk more casualties in
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children. Children are at great risk as urban &raed roads are mostly their playground (SIDA,
2006) while non-use of child seat restraint mosnttoubles the risk of crash injuries in children
(World Bank and WHO, 2004). Similarly, non-use @&atbelt in car occupants more than
doubles the risk of crash injuries equally non-aserash helmets in two-wheeler users almost
doubles the risk of crash injuries (World Bank &dHO, 2004).

The relationship between road user gender and anasly is statistically significantp(= 0.00 <
0.05) thus risk varies with road user gender ankk mwad users are exposed more than females.
Alike, the relationship between road user age graugb crash injury is statistically significamt (

= 0.00 < 0.05) so threat differ with road user ggmip and casualties are more in age group 25-
44 years, and the relationship between helmetiseltand crash injury is statistically significant
(p = 0.00 < 0.05) and so danger in two-wheel ridexs$ passengers adjust with helmet/belt use
and crash injury is less severe in two-wheel rigmrs on crash helmet and passengers fasten

seatbelt.
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Table 4.2.14: Relationship between Co-factors didRdser Type and Injury

Co-factor Factor Drivers Pedestrians | Passengers | Bicyclists Motorcyclists | Animal
Drivers
Gender Crash & | Males Males Males Males Males Males
Fatality (97.1%; (78.7%j; (69.9%; (97.5%; (96.8%; 100.0%;
Top in 100.0%) 82.7%) 74.8%) 96.6%) 90.0%) 100.0%)
p-value 0.070 0.040 0.063 0.739 0.452 -
Age Crash & | 25-44 25-44 25-44 25-44 25-44 11-17
(years) Fatality (79.7%,; (43.8%; (62.0%; (56.2%; (72.0%; (33.3%;
Topin 80.9%) 47.7%) 55.6%) 56.2%) 60.0%) 100.0%)
18-24 1-10 18-24 18-24 18-24 Crashes:
(7.2%j; (21.6%; (18.3%; (19.2%; (9.7%; 25-44
10.3%) 21.7%) 15.1%) 14.2%) 10.0%). (33.3%)
18-24 Unknown
(15.9%; (33.3%)
10.5%)
p-value 0.000 0.025 0.018 0.321 0.864 0.199
Seatbelt Fatality Used Used
Use Top in (13.2%) (21.7%)
Not Used Not Used
(10.3%) N/A (10.1%) N/A N/A N/A
p-value 0.000 0.006
Crash Fatality Not Used Not Used
Helmet Top in (42.6%) (30.0%)
Use
N/A N/A N/A Used Used N/A
(25.0%) (10.0%)
p-value 0.144 0.060

As summarised in Table 4.2.14, males are involved killed more than females in drivers

(97.1%; 100.0%), motorcycle riders (96.8%; 90.0@gssengers (69.9%; 74.8%), pedestrians
(78.7%; 82.7%) and bicycle riders (97.5%; 96.6%®ites crash and fatality lead in age group
25-44 years in drivers (79.7%; 80.9%), passen@@9%; 55.6%), pedestrians (43.8%; 47.7%),
bicyclists (56.2%; 56.2%) and motorcyclists (72.080;0%), followed by age group 1-10 years
(21.6%; 21.7%) and age group 18-24 years in dri@r2%; 10.3%), passengers (18.3%;
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15.1%), pedestrians (15.9%; 10.5%), bicyclists 2989. 14.2%) and motorcyclists (9.7%;
10.0%). Also, fatality in seatbelt use peak in mompliance in drivers (13.2%) and passengers
(21.7%) the same with helmet use in bicycle (42.6% motorcycle (30.0%) riders.

Gender difference in crash and mortality rateskisly related to both exposure and risk taking
behaviour (World Bank and WHO, 2004). Male roadrsiseavel more on social-economic
errands and are thus more exposed to the riskaof accidents besides males are less concerned
with safety and are thus more likely to violatefficarules (SIDA, 2006). For example, male
drivers and motorcycle riders are more likely teesph and engage in reckless driving, including
drunken driving (SIDA, 2006).

Road users in productive age groups (18-24 & 254drs) travel more on social-economic
activities and are therefore more exposed to risk@d accidents (SIDA, 2006). On the contrary
to global status highlighted in Mayhew, Simpson &affic Injury Research Foundation of
Canada (1990), for Malawi, young drivers crash teas older drivers though risk is significant
in them. Apart from inexperience, young drivers-gl8years) have greater fatigue risk because
of more late night drives (Hartley, Arnold & Murdodniversity, 1996) the same with alcohol
risk (Elvic and Vaa, 2004; Keall, Frith & Pattersd004; Mathijssen, 1998) as they are less
tolerant to alcohol (World Bank and WHO, 2004).

Children lack road safety knowledge and so crossireg road without thorough check and
playing in busy streets and roads are their greass(SIDA, 2006). Non-use of seat-belt in car
occupants more than doubles the risk of crashiegurqually non-use of crash helmets in two-
wheeler users almost doubles the risk of crashiegyWorld Bank and WHO, 2004).

The relationship between gender and crash injumyotsstatistically significant in driverp (=
0.070 > 0.05), passengers< 0.063 > 0.05), bicycle riderp € 0.739 > 0.05) and motorcyclists
(p = 0.452 > 0.05) while statistically significantpedestriansp(= 0.040 < 0.05) therefore risk is
the same and normal in both male and female drivpessengers, bicycle riders and
motorcyclists while it varies with pedestrian gendemale pedestrians are vulnerable more than
females. Similarly, the relationship between roadriage group and crash injury is statistically
significant in drivers f = 0.000 < 0.05), passengefs £ 0.018 < 0.05) and pedestrians <
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0.025 < 0.05) while not statistically significant bicyclists p = 0.321 > 0.05), motorcyclistg (

= 0.864 > 0.05) and animal drivers £ 0.199 > 0.05) thus vulnerability differs with eagn
drivers, passengers and pedestrians or some aggsgrodrivers, passengers and pedestrians are
more vulnerable while threat is standard in all gggips in bicyclists, motorcyclists and animal

drivers.

The relationship between seatbelt use and crashyirg statistically significant in driverp =
0.000 < 0.05) and passengeps=(0.006 < 0.05) thus risk varies with seatbeltfietl use and is
greater in non-compliance. While, the relationshgtween helmet use and crash injury is not
statistically significant in bicyclistsp(= 0.144 > 0.05) and motorcyclists £ 0.060 > 0.05) so

risk is the same and standard in helmet use congaiar not.

Table 4.2.15: Relationship between Road User Geidgr and Injury

Co-factor Factor 1-10 11-17 18-24 25-44 45-64 65 & Over
(years)

Gender Crash & Males Males Males Males Males Males
Fatality (66.9%; (71.4%; (86.9%; (90.3%; (87.3%; (73.4%j;
Top in 73.2%) 73.2%) 87.7%) 90.4%) 77.4%) 64.0%)
p-value 0.034 0.555 0.000 0.000 0.000 0.038

Findings in Table 4.2.15 inform, males are involeadl killed more than females in age group
1-10 years (66.9%; 73.2%), 11-17 years (71.4%,%3.28-24 years (86.9%; 87.7%), 25-44
years (90.3%; 90.4%), 45-64 years (87.3%; 77.4%)amyears or above (73.4%; 64.0%).

Male children (1-10 years) have extra exposurehag hang out more and often play in busy
streets and roads the same males in other ageggt@ay@l more on social-economic activities
and are thus more exposed to the risk of road estsdn addition males are less concerned with

safety and are thus more likely to violate traffies (SIDA, 2006).

The relationship between gender and crash injurstasistically significant in road user age
group of 1-10 yearp(= 0.034 < 0.05), 18-24 yearns £ 0.000 < 0.05), 25-44 years £ 0.000 <

0.05), 45-64 yearsp(= 0.000 < 0.05) and 65 years or overX 0.038 < 0.05) while not
statistically significant in road user age group X#-17 years { = 0.555 > 0.05). Thus,
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vulnerability changes with road user gender or siale more exposed in all age groups except

in 11-17 years wherein risk is equal and normd&ldth male and female road users.

4.3.3 Analysis of Pedestrian Behaviour Safety Problems @sh Data

Table 4.2.16: Relationship between Pedestrian Beta®afety Problems and Injury

Factor Pedestrian Behaviour

Crash and Fatality peak in Crossing Road Carelessly
(14.8%; 18.9%)

Walking in Road (3.8%; 4.4%)

p-value 0.021

In Table 4.2.16, crash and fatality lead in ped@stbehaviour safety problems of crossing road
carelessly (14.8%; 18.9%), followed by walking lve road (3.8%; 4.4%).

Male road users are less concerned with safetyaesdhus more likely to violate traffic rules,
including crossing road carelessly (SIDA, 2006yidéntly, this study finds male pedestrians
and pedestrians in age group 25-44 years leadsuattyt while crossing road carelessly. Likely,
male pedestrians top in crossing road carelesslynaust be the same with male pedestrians in
age group 25-44 years. Also, in Africa, urban roads full of people, more of them outside a
motor vehicle than inside such that both carriagearad road shoulders are used intensively (de
Langen et al., 2006) therefore competition for repdce likely lead to higher risk taking and

consequences are high mortality in unprotected usads (Tiwari, Mohan & Fazio, 1998).

The relationship between pedestrian behaviour aashcinjury is statistically significanp (=
0.021 < 0.05) hence risk changes with pedestridvabeur safety problems and crossing road

carelessly risk more than other pedestrian behagaiety problems.
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Table 4.2.17: Relationship between Co-factors adeBtian Behaviour Safety Problems and
Injury
Co-factor Factor Crossing Crossing Crossing Being Walking in | Other
Road Road at | Road Under the | the Road
Carelessly | Crosswalk | Outside Influence
Pedestrian | of Alcohol
Crossing
Gender Crash & | Males Males Males Males Males Males
Fatality (82.4%j; (94.1%; (1crash) (29 (95.2%; (76.9%;
Top in 90.6%) 100.0%) crashes) 90.0%) 78.9%)
p-value 0.017 0.178 - - 0.615 0.533
Age Crash & | 25-44 1-10 45-64 25-44 25-44 25-44
(years) Fatality (44.2%; (41.2%; (1 crash) (73.7%,; (50.0%; (35.9%;
Top in 38.8%) 40.0%) 85.7%) 55.0%) 42.1%)
p-value 0.740 0.739 0.008 0.615 0.575

In Table 4.2.17, male pedestrians are crash indoarel killed more than females in behaviour

safety problems of crossing road carelessly (8249046%), crossing road at crosswalk (94.1%;
100.0%), walking in road (95.2%; 90.0%) and othehndviour safety problems (76.9%; 78.9%)

while only male pedestrians are crash involved evhilossing road outside pedestrian crossing

(1 crash) and being under influence of alcohol ¢&shes). Besides, crash and fatality lead in

pedestrian age group 25-44 years while crossindg wzaelessly (44.2%; 38.8%), under the
influence of alcohol (73.7%; 85.7%), walking in thead (50.0%; 55.0%) and other behaviour
safety problems (35.9%; 42.1%) also peak in ageimrb-10 years while crossing road at

crosswalk (41.2%; 40.0%) and in age group 45-64syedile crossing road outside pedestrian
crossing (a crash).

Male road users are generally less concerned wifittys and are thus more likely to violate

traffic rules (SIDA, 2006) while road users in puctive age group 25-44 years travel more on
social-economic errands and are thus more expasasktof road accidents besides males who
dominate in the age group 25-44 years are lessecoad with safety and are thus more likely to
violate traffic rules (SIDA, 2006). Children genkygudge vehicle approach speed incorrectly
and often do not check for incoming traffic evencerbefore or while crossing the road

(Kandela, 1993) as they lack understanding of szddty (World Bank and WHO, 2004).
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The relationship between pedestrian gender and drggry is not statistically significant in
crossing road at crosswall € 0.178 > 0.05), walking in roag & 0.615 > 0.05) and other
behaviour safety problems & 0.533 > 0.05) while statistically significant grossing road
carelesslyg = 0.017 < 0.05) hence risk is equal and normgkinder in all pedestrian behaviour
safety problems except in crossing road carelesgigre it varies with gender and male
pedestrians are more vulnerable while crossing caaelessly.

The relationship between pedestrian age group amshdnjury is statistically significant in
under influence of alcohop(= 0.008 < 0.05) while not statistically signifitan crossing road
carelessly g = 0.740 > 0.05), crossing road at crosswalk (0.739 > 0.05), walking in the road
(p = 0.615 > 0.05) and other behavioural safety mnoisl p = 0.575 > 0.05) therefore exposure
is the same and standard in all pedestrian agggrouall behaviour safety problems except in
under influence of alcohol where it varies witleagoup and alcohol risk lead in productive age
(25-44 years).

4.3.4 Analysis of Vehicles Involved Crash Data

Table 4.2.18: Relationship between Motor Vehicla@lteristics and Injury

Factor Vehicle Class Vehicle Defects Vehicle Requirement
Crash & Fatality Private cars No Mechanical defects
Lead in (25.7%, 17.9%) Valid COF (85.3%; 82.8%)

(91.3%, 90.5%)
Pick-ups
(16.2%, 14.5%)

Minibuses
(11.6%, 11.1%)

Heavy trucks
(9.8%, 12.6%)

p-value 0.000 0.582 0.000
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Findings in Table 4.2.18 inform crash and fatalkp@gprivate cars (25.7%, 17.9%), followed by
pick-ups (16.2%, 14.5%yinibuses (11.6%, 11.1%) and heavy trucks (9.8%%%2. Similar to
findings by Jones & Stein (1989), crash and fataduo most in vehicles without mechanical
defects (91.3%, 90.5%). Also, they lead in motdrigles with valid COF (85.3%; 82.8%).

Vehicle population class split lead in private cargl pickups (WHO, 2011) correspondingly
motorisation and exposure to road accidents (Sni®th). Besides, most private cars and pick
ups are owned and driven by drivers in age grougf§ears found most perilous. Apart from
cars and pickups have lower crashworthiness cordpardigger trucks and buses, greater mix
of vehicle sizes in a carriageway also enlarge imskmall vehicles (World Bank and WHO,
2004). Impacts between cars and larger trucksptiveer of the large vehicles increase rate of
injury and fatality many times compared with an igglent car-to-car crash (Joach, 2000;
Mackay & Wodzin, 2002). In addition, use of picksufor transporting passengers, common in
rural area, risk more crash deaths as passengepemback are often ejected and deadly crash

into solid objects (Barss et al., 1998).

Drivers are often less cautious while driving af@etr motor vehicle and are thus more likely to
violate traffic rules, including over-speeding lspteed of vehicle is at the core of crash injury
problems (Insurance Institute for Highway Safet987; Nilsson, 1982; Nilsson, 1997). Also,

vehicles with valid documents have greater pertaaghicle mileage travel and are thus more
exposed to road accidents (Smeed, 1949). Unlessledtas valid COF, is not allowed for other

documents such as taxi licencing and insurance&yagcbver necessary for it to drive on public

road (Road Traffic Act, 1997).

The relationship between vehicle class and severigyatistically significantp(= 0.000 < 0.05)

so risk varies with vehicle class or some vehitdsses such as cars, pick ups and minibuses risk
more road accidents. Similarly, the relationshipwieen vehicle requirements and severity is
statistically significant f = 0.000 < 0.05) therefore risk is greater in vidscwith valid
documents as they travel more and have greatersaxpoWhile, the relationship between
vehicle mechanical defects and severity is notissiedlly significant p = 0.582 > 0.05)

therefore mechanical defects have regular influemcead accidents.
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4.3.5 Analysis of Motor Vehicle Drivers Crash Data

Table 4.2.19: Relationship between Driver Charasties and Injury

Driver Behaviour BAC Level Driving Licence
Factor
Crash & Fatality Over-speeding Unknown BAC level Holders
Lead in (36.6%; 45.1%) (96.5%:; 96.9%) (96.3%; 95.4%)
p-value 0.000 0.002 0,004

In reference to Table 4.2.19, crash and fatal ynjead in excess speed (36.6%; 45.1%) while
occur most in unknown BAC level (96.5%; 96.9%) éindnce drivers (96.3%; 95.4%).

Speed of vehicle is at the core of crash and injuoplems (World Bank & WHO, 2004). The
difficulty of the task of driving increases whenwilng speed increases (de Langen, 2006) and
probability of a crash involving injury is propastial to square of speed*While serious injury

to cube power-Vand fatal fourth to power*{Nilsson, 1982; Nilsson, 1997).

BAC level is rarely tested in crash victims mairdyivers and pedestrians as police lack
equipment and the facility is available only in ambdistricts. In addition, as majority crash
victims are evacuated by on-lookers and other ngitofForjuoh, Friedman, Mock & Quansah,

1999), police has limited access for BAC level.test

With enhanced traffic checks and patrols by polardy graduate drivers have greater access to
public roads and are thus more exposed to roadlets (Smeed, 1949) besides experience
drivers often are less cautious and are thus nketyIto violate traffic rules, including over-

speeding and drunken driving.

The relationship between driver behaviour and sgves statistically significant = 0.000 <
0.05) hence risk changes with driver behaviour pedk in driver behaviour problem of over

speeding. Likewise, the relationship between BA@I@and severity is statistically significamt (
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= 0.002 < 0.05) thus risk increase with BAC levisbathe relationship between driving licence
and severity is statistically significanh € 0.04 < 0.05) therefore threat changes with been

holding and licence drivers risk more road accigent
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CHAPTER FIVE
5.0 CONCLUSIONS AND RECOMMENDATIONS

5.1 CONCLUSIONS

Without national policies to promote walking andcloyg (WHO, 2011), travelling is most
dependent on motorised traffic, a high risk modé&arisport, hence more road accidents despite
very low vehicle population. Similarly, with lackf golicies to promote public transport,

travelling is most on private cars but private caesh more and risk greater fatality.

Most collisions involve motorised traffic. Despegposure, driver training and licencing share
the blame. Relating to findings by Elvic & Vaa (200Malawi drivers may be more hazardous
without driver training manual and check on heaiuirements as they lack good knowledge
and a good understanding of risk as well their theatk may be greater than 1.0. Check on

health requirements is not enforced in spite otemathe Road Traffic Act, 1997.

Since crash data is sourced from police only, itstéd likely under-reported by gross margin
(Gururaj, Thomas & Reddi, 2000; Jacobs, Aeron-Thoma Astrop, 2000) therefore the
assessment does not give the true burden of anpsly.i

All road safety factors tested statistically sigraht (0 < 0.05) to crash injury are major safety
concerns and include speed, BAC level, seatbettiteluse, road user characteristics (type,
gender, age and behaviour), vehicle type, time, district, accident type, road geometry,
surrounding, other factors, light condition and enathers. Unless intervened and their risk
reduce to standard, crash injury trend continumgisnd impact more economic and public
health problems.

In contrast with global crash injury pattern (Wgetl2006) Malawi roads kill more than injury.

Since Malawi lack formal and publicly available {respital care system (WHO, 2011), similar
to findings by Moch, Jurkovich, nii-Amon-Kotei, Agola-Risa, & Maier (1998), probable vast
majority of road accident deaths occur in the prsgital phase.
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Speed of vehicle is at the core of crash involvanaea injury problems, followed by growing
motorisation and exposure, traffic mix with higree traffic and non-use of seatbelt and helmet
in car occupants and bicycle riders. Despite crdishers are rarely tested for BAC level
therefore alcohol risk is not well defined, legatit of 0.08g/dl for both general population and

young or novice drivers is suicidal and believexba major safety problem.

Though competing for a space with high speed traffithe core safety problem in pedestrians
and bicyclists, lack of basic education and roddtgeknowledge also considered a significant
contributor to their high vulnerability. Violatioof traffic rules is common in them and often you
see them naively not observing traffic control tigjlor crossing road carelessly or not keeping

lane or changing course abruptly while turning wertaking each other.

Crash and fatal occurrence is significant in calhs between motor vehicles leaving the road
and solid roadside objects (mv/other). Unforgiveuiid objects like concrete/wood made street
light poles, trees, heavy billboards and otherssaen located very close to carriageway besides
most of them are not marked. Also, guard rails missnost bridges and hazardous road

geometry forms because of vandalism.

Rural roads are generally in poor condition andipubansport is a problem as buses shun going
there. Instead, pick ups do the service but piclarpsnot built for transporting passengers hence

they are more perilous.

While carrying out interventions, with made knowore safety problems, setting and achieve
crash injury reduction target is now optimistic. Byoritising attention and resource allocation
to significant risk factors, crash injury reductioninjury reduction per unit cost of intervention

is likely to improve.

Road accidents are another core source of povartylalawi. With fatality occur most in
pedestrians and bicycle riders whose majority a@ pnd in males in productive age group (18-
44 years), similar to findings in SIDA, 2006, th&milies plunge into extreme poverty and more

children are orphaned besides their plight exa¢erba
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5.2 LIMITATIONS AND IMPLICATIONS

With one origin of crash data, that's police onfgtality is under-reported (Jacobs, Aeron-
Thomas & Astrop, 2000). Police also rarely recardtBelt/helmet use, BAC level and behaviour
safety problems in bicycle drivers. Consequentigtistical errors like that found in helmet use
in motorcycle f = 0.060) and bicyclep(= 0.144) riders. But, compliance in helmet usaiced
injury risk (World Bank & WHO, 2004) then findingaere supposed to be statistically
significant. Besides, crash risks and injury burdeminadequately assessed while policy-makers
and decision-makers are provided with insufficiefdrmation and safety problems are partially
treated also road safety awareness is not develapddraised accordingly (World Bank &
WHO, 2004).

Findings of the study outline the broad overviewradd safety in Malawi as well as provide
platform for cost effective approach while implerheountermeasures. However, using crash
data as means of measuring, monitoring and comigoibad safety is unethical as is based on
human cost. Best practice recommends for evaluét&ep indirect RSPIs. Like in non-
destructive test on machines, indirect RSPIs jnfbrim the prevailing degree of risk and
controlling indirect RSPIs reduce also road cragaries. However, indirect RSPIs are yet
evaluated therefore a menu for further studiesteRabf crash deaths is another area requires
thorough analysis. Unless scope of fatality in leraghases is determined, precise

countermeasures can hardly be identified.

5.3 RECOMMENDATIONS

5.3.1 To minimise the abating road safety in pedestridmisycle riders and passengers
National Transport Policy (2004) should promotekival, cycling and public transport in
order to switch from higher risk to lower-risk madef transport as well as to reduce
traffic mix with high speed traffic and travel depkence on private cars.

5.3.2 Reduce risk in drivers and road factors to cut baad accidents of motorised traffic

which are more perilous.
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« RTD need to improve capacity in driver training {el®ep curriculum and
manual), testing (include theory test) and licegdi@nforce health requirements)
and in vehicle inspection (more pits and equipment)

e TP should intensify traffic checks and patrols.

*  NRSCM should conduct defensive driving courses legfyu

RA should design and construct roads with mininst as well as rehabilitate

and maintain roads for minimal risk.

5.3.3 Road safety agencies should step up speed managanteanforcement as speed of the
vehicle is found at the core of crash involvemert enjury problems.

* Restrict road use to design function.

» Construct physical traffic calming measures suchraamdabouts, road narrowing,
humps and chicanes at intersections, bus stopgspth crosswalks, access/locals
roads and high risk stretches in rural roads respec

* Raise pedestrian crossings as well as split pedestrossing with a traffic island in
places of high risk in urban such as schools andckehalaces so that pedestrians
cross in two stages thus less exposed to vehicles.

*  Purchase more speed radars and intensify randonsgged checks.

* Use visible single, stationary police vehicle oghirisk stretches mainly in rural.

* Regulate and enforce use of speed governors irbusas.

5.3.4 Regulate and enforce mandatory use of seatbelt taaoccupants, child seat restraint
and helmet in two-wheel drivers, including bicydlgers to fall crash deaths.

5.3.5 Revise BAC legal limit (0.08g/dl) to most sanctidrenit of 0.05g/dl for general driver
population and 0.02g/dl or below for young drivarsd motorcycle riders in addition
regulate BAC legal limit for pedestrians and bieydbers.

5.3.6 RA should design roads and networks that accommduatan characteristics and are
more forgiving if an error is made. Use only foigty fixtures and, if not, remove them
or fix them to a safer distance of about 5m to 9nb@yond also mark them for more
visibility during night.

5.3.7 RA, MOT&PI, LC and communities should maintain lu@ads regularly to reduce road

factors and to improve access of buses which dee sampared with pickups.
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5.3.8 To curtail preventable deaths, Malawi need a vibranmtonomous emergency rescue
agency with call free numbers along with more amabcgs, equipment and trauma care
specialists for standard practice in evacuatioorash victims and for better pre-hospital
care. Capacity of health and physiotherapy came rsd®ds improvements for satisfactory
medical treatment and rehabilitation of survivoirsaad traffic crashes.

5.3.9 Legislative laws need to prohibit bystanders aromotorists taking part in evacuation
of crash victims unless contacting the emergencyices or calling for other forms of
help, helping to put out any fire, securing crasbne from further crashes or harm to
rescuers and bystanders, control of crowd gatharetene and apply first aid. And so,
drivers and locals living in crash prone sites likéhipe 1 need training in first aid.

5.3.10Police crash data must be supported by other soymeferably hospital or insurance
firms for capturing nearly all road accidents iattbase to assess true risks and burden of
crash injuries.

5.3.11To maximise crash injury reductions or reductioles pnit cost of prevention, resource
allocation and attention need prioritise significask factors while implementing road
safety countermeasures and public awareness camspaig

5.3.12Perform advanced crash data analysis regularly bietiter planning, implementing,
monitoring and evaluating interventions.

5.3.13RA should not compromise road safety in designs)staction, rehabilitation and
maintenance of roads. Though inclusion inflateggatoprice, road safety problems cost
more than the project so there are no savings.

5.3.14Capacity of NRSCM need improved if road safety amass campaign and publicity is
to balance with deteriorating road safety. The sawita RTD and TP for advanced
enforcement of road traffic laws and regulatiorgureed to compliment effectiveness of
road safety awareness campaign and publicity.

5.3.15Malawi need a lead road safety agency with the aityhand responsibility to make
decisions, control resources and coordinate effoytall sectors of road safety including
those of health.

5.3.16Road Safety agencies ought to evaluate indirectliR&P best practice in measuring,

monitoring and controlling road safety.
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5.3.17Multinational Corporations, Donor Countries and Ages, United Nation Agencies and
Nongovernmental Organisations urgently need toadechore of its resources to helping
low-income countries including Malawi improve rosalfety otherwise, with the level of
assistance given to road safety which is far belbat for other health problems of

comparable magnitude like Malaria, TB and otheogrmations fight a lose battle.
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APPENDIX

Conceptualisation of Road Traffic Accidents

Exposure[factors: motorisation (factors: global wealthgrgapita vehicle mileage travel
(factor: household income)]

A
Crash involvement[factors: driver age, vehicle defects, road fagtenvironmental
factors (weather, poor visibility), vehicle speattohol, fatigue, traffic mix]

Pre-crash phas

A
Crash injury (factors: crash speed, crashworthiness, seatlselt lnelmet use, solig
objects, hazardous materials and stampede)

Post-crash phas

. Preventable death [factors: evacuation (delay, rescuers type, traridgpe), emergency
trauma care (health staff type, first aid, equipmese) and hospital care (treatment, delay
. in emergency procedures e.g. surgery, equipmeft use i

Figure 1.2.2: Concept Framework of Road Trafficilents

103



