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Thesis Summary

This research was originally undertaken to aid the Jamaican
government and the World Bank in making funding decisions relative to
improvement of road systems and traffic control in Jamaica. An
investigation of the frequency and causes of road accidents and an
evaluation of their impact on the Jamaican economy were carried out, and a
model system which might be applied was developed. It is believed that the
importance of road accident economic and manpower losses to the survival of
developing countries, such as Jamaica, cannot be overemphasized. It is
suggested that the World Bank, in cooperation with national governments, has
a role to play in alleviating this serious problem. Data was collected from
such organizations as the Jamaica Ministry of Construction, Police
Department, the World Bank, and the World Health Organization. A variety
of methodologies were utilized to organize this data in useful and
understandable forms. The most important conclusion of this research is
that solvable problems in road systems and in traffic control result in the
unnecessary loss of useful citizens, in both developed and developing
countries. However, a lack of information and understanding regarding the
impact of high rates of road accident death and injury on the national
economy and stability of a country results in an apparent lack of concern.
Having little internal expertise in the field of road accident prevention,
developing countries usually hire consultants to help them address this
problem. In the case of Jamaica, this practice has resulted in distrust and
hard feelings between the Jamaican authorities and major organizations
involved in the field. Jamaican officials have found confusing the
recommendations of most experts contracted to study traffic safety. The
attempts of foreign consultants to utilize a technological approach (the use
of coding systems and computers), methods which do not appear cost-effective
for Jamaica, have resulted in the expenditure of limited funds for studies
which offer no feasible approach to the problem. This funding limitation,
which hampers research and road improvement, could be alleviated by such
organizations as the World Bank. The causes of high accident rates are
many, it was found. Formulation of a plan to address this serious problem
must take into account the current failure to appreciate the impact of a
high level of road accidents on national economy and stability, inability
to find a feasible approach to the problem, and inadequate funding. Such
a plan is discussed in detail in the main text of this research.
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Chapter 1

Introduction



1-1. Background of the Problem of Road Accidents

Since the invention of the motor vehicle, road traffic
accidents have been an increasing problem for both developed
and developing countries. Presently, it is likely that
nearly every operator of a motor vehicle will have at least
one road traffic accident during his or her driving life.
Almost everyone knows of someone who has died or been
seriously injured in a road accident (Ogren, 1979). Road
traffic accidents now.represent one of the most serious and
intractable threats to the public health. For a variety of
reasons, developing nations are particularly hard hit by this
problem.

It is estimated that world annual road deaths approach
300,000 and total casualties are 1ikely to number 15 million
per year (Ross, 1991). Some recent statistics, by geographic
regions, are provided in Table 1-1. These values, however,
are underestimated, as only certain countries regularly
furnish statistics gnd figures are not readily available from
most of the larger countries (e.g., China, Egypt, India, and

the U.S.S.R.)
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Table 1-1

Annual Road Deaths by Geographical Region%*

Geographical Total road Some examples within
region deaths the region

Europe 70,000 FDR 7,566
France 10,340

Italy 9,066

G. Britain 5,399

The Americas - 60,000 U.S.A. . 47,000
Canada 3,922

Argentina 2,629

Africa 30,000 Nigeria 12,000

South Africa 5,100

Asia 50,000 Japan 12,400
. Kuwait 343
Oceania 4,000 Australia 2,987

Source: World Health Organization, 1987
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Although Britain reports nearly 320,000 people killed or
injured on her highways annually (Dept. of Environment,
1989), it is commonly understood that non-serious injuries
are typically underestimated by about 30 percent. About 1
1/2 million non-injury accidents are reported to insurance
companies every year, and there is an unknown number of
accidents which do not appear in any statistical accounting
(Staughton & Stowie, 1977; The Swedish Traffic Safety Group,
1983; Ross, 1991).

There are many characteristics which differentiate the
road traffic accident problem in developing countries from
those in developed countries. For instance, though the
levels of vehicle ownership in developing countries is still
relatively low, the frequency and consequences of road
traffic accidents are comparatively more severe. Mckay
(1979) proposed the following reasons for the difference:

1- In developing countries, a larger number of
pedestrians, with little appreciation of the limitations
of road vehicles’ ability to stop and turn, share the
roadway. This lack of education is compounded by the
lack of physical barriers separafing pedestrians from
wheeled vehicles. |

2- A proportionately larger number of older
vehicles which are poorly maintained utilize the
roadways of developing countries. Though vehicle
ownership continues to increase exponentially,

mechanical expertise remains in short supply and
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economic deprivation means that little can be spent on
vehicle maintenance and repair. Thus, the proportion of
accidents resulting from vehicle defects is very much
higher than in industrialized countries.

3= Poor driving skills and frank incompetence are
coupled with low driving licensing standards and many
unlicensed drivers. Some developing countries do not
even require driving aptitude testing to obtain a
driver’s license.

4- There are a large proportion of motorcycles on
the road in developing countries with untrained, self-
taught riders, because they are inexpensive and
convenient. Representing a first step in powered
transport, these machines, operated by vulnerab%e novice
riders, add a negative factor to the mix of motorized
traffic.

5- Overloaded buses and trucks in poor mechanical
condition are a common sight in developing countries.
Such vehicles often account for reports of single
accidents involving fifty or more casualties. For
example, in Colombia in 1977, oné such accident resulted
in 128 deaths.

6- Traffic regulations are frequently disregarded,
especially in remote areas, in developing countries.

The general populace are uneducated regarding the need
for traffic laws and the enforcement effort is likely to

be desultory.



7- In some developing countries, particularly those
which are oil-rich, in adequate road systems are
frequented by large numbers of new, high performance
vehicles. Accidents result from this mismatch of
technologies.

8- Unfortunately, it is those most important to the
progress of developing nations who are most likely to be
at risk. Vehicle occupants in emerging countries are
more likely to be professionals, senior civil servants,
and skilled technicians.

9- In Asian and South American countries, hybrid
vehicles have emerged--the scooter-taxi and the bus-
truck, respectively--which because of their wood-based,
low technology construction are more vulnerable in
collisions. A cheap and functional solution to
transportation problems, they nevertheless place their
occupants in a less survivable position in a road
traffic accident.

10- Public and governmental information is lacking
as to the level of the traffic accident problem.
Rudimentary or nonexistent data ‘collection systems leave
both entities in the dark as to the scale and nature of
this threat to public health. Though data collection
systems may exist in theory, gross under reporting and
inaccurate reporting frequently obviate their potential

for shedding light on the issue.
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11- As the road traffic accident problem is likely
to constitute a new issue of governmental concern in
many developing nations, local, regional and national
authorities have neither the knowledge or resources to
address it. Appropriate government agencies may not
exist or may be recently formed, and with little
understanding, lack the ability to apply remedial
measures. Confusion may exist over with which existing
agency (health, transport, police or the military)
responsibility resides" (McKay, 1979).

The above factors, along with the fact that the real
extent of the road traffic accident problem in Jamaica is not
known, constitute the justification for this research.
Because Jamaican officials do not understand the problem, its
magnitude and impact on the health and economy of their
country, they may be inclined to believe nothing can be done
about it or are at a loss as to how to address the problem.

This study, in the context of a Ph.D. project, will
utilize factual data, and discussions with officials and
others concerned with road safety issues in exploring the
problem in developing countries, with sﬁecial attention to
Jamaica. It will investigate approaches to road traffic
safety utilized by other countries, and will include a site
study of some "black spots" on a selected road in Jamaica.

It is beyond the scope of this research to study the entire
range of traffic problems in Jamaica; therefore, this effort

will concentrate primarily on a rural road between Montego
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Bay and Lucea (generally felt to be one of the most highly
traveled roads in Jamaica). Finally, the budgetary process
of estimating costs and directing investment for the purpose
of instituting cost-effective improvements to successfully
alleviate the problem of road traffic accidents in developing
countries is addressed. A method is proposed for this
purpose which does not rely on hard statistics, which are
difficult if not impossible to come by in developing

countries.

1-2. Obijectives of Research

Utilizing a study of factors contributing to road
traffic accidents in Jamaica as a vehicle for developing an
approach to improvement of road safety in developing
countries, the objectiées of this research can be stated as
follows:

1- To explore the extent and impact of the problem of
road traffic accidents in developing nations, with some
comparison of the problem in developed nations.

2- To generate a framework for investigating the problem
of road traffic accidents which does not-rely upon

institutionalized statistical collection.

3- To prove or disprove whether the World Health
Organization’s published eleven (11) points apply to Jamaica.

4- To offer recommendations for remedying the causes of
road traffic accidents in developing countries with emphasis

on Jamaica.
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1-3. Assumptions

Certain assumptions were necessary to facilitate the
conduct of this research, as well as its report. These were:
1- Because of the different and unclear definitions

given to the term "developing nation," it was necessary to
determine which definition was most useful for the purposes
of this research. Therefore, Jamaica is considered an
underdeveloped nation, according to the definition that "any
nations with a gross national product of $600 or less would
be considered a developing nation," based on 1971 prices
(Oxford Dictionary for Everyday Phrases, 12th Ed., 1981).

2- It was assumed at the beginning of this research that
there are actually "black spots" on the road selected for
study.

3- Because facili£ies were not available (time,
financial resources, etc.) to enable the personal collection
of data, it was assumed that data collected by the Jamaican

police and other authorities is reliable.

1-4. Motivation for this Research

The author has always been interested in researching the

problem of road accidents, as he is originally from a
developing nation where road accidents have been personally
devastating to him and his family. His interest in that
direction was further developed when he became acquainted

with Dr. Jabbari, then a Professor of Construction Management
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at the California State University in Fresno, California.
Dr. Jabbari, having done his doctoral dissertation on a
related subject at the University of Aston in Birmingham,
inspired this research and has supported this effort as
external supervisor.

As there was no opportunity to develop such research to
an acceptable degree in Fresno, California, and, because, as
the result of Dr. Jabbari’s work there was a climate and
substantial resources conducive to such research at Aston
University in Birmingham, Dr. Jabbari suggested the author
enter the external Ph.D. program at this institution. After
much effort on the author’s part, he was accepted into this
program.

At this stage it was important to contact all
prospective supporting organizations for such a éroject.
Advice was duly solicited from the World Bank, the World
Health Organization, Transport Road Research Laboratory
(T.R.R.L.), and the University of Birmingham.

The original intention was to conduct road accident
research in a middle eastern country. However, because of
the turmoil that existed in the Middlé East at the time this
project began, an alternative had to be chosen. At the
request of Dr. Jabbari, the World Bank was contacted for
suggestions. After a short time, Dr. Jabbari and the author
were invited by the World Bank’s Executive Director of 2
Transportation, Dr. Fosberg, to attend a meeting for further

discussion of the project.
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The World Bank had been interested for many years in
allocating monies to projects towards the development of
roads and the reduction of road traffic accidents in Jamaica.
It was felt that the author’s research would be likely to
identify appropriate funding targets, and, thus, Jamaica was
selected as the éubject country by the World Bank staff.
Unforfqnately there were no World Bank funds available to
support this research. Therefore, all monies spent on this
project came from the author in the form of personal funds
and financial help from family menmbers who greatly believe in
the importance of this research subject, and without whose
assistance this project would never have been completed.

Time has been a major constraint as well. Since the
author is a professional, working for a living, pe could not
dedicate all his time to the pursuit of this research. He
had nevertheless to respond to time constraints imposed by
the requirements of university policy and the World Bank’s
desire to have the research results rapidly available for
developing funding guidelines.

Among the many problems to be overcome by this author
from the very beginning of this projeét;-travel between the
United States, England and Jamaica was a necessity which
proved to be very expensive, tiring and time consuming.

Had motivation been a problem for this author, there
were sufficient obstacles and difficulties in the way of ~
completing this effort to have terminated it long ago.

However, in spite of it all, the author remained motivated,



because he believes the results of this research may prove

beneficial to many people in many countries around the world.

1-5. Definition of Terms

For the purpose of this study, the following definitions

were used:

1- Developing Countries: Originally, a developing

country was taken to be one with a vehicle ownership level of
less than 1,000 vehicles per 10,000 population, but Cyprus,
Kuwait, Singapore, and South Africa were later added to the
list, which made the above definition obsolete. The
distinction between developed and developing countries is by
no means clear, and many different definitions have been
used. In this study, countries similar to Jamaica’are
classed as developing,‘with a maximum gross national product
of $600 per year 1971 base prices (Jacobs & Fouracre, 1977;
B.C.E.0.M., 1979). (Also, see 1.3 above.)

2- A Fatal Road Traffic Accident: This is a road

accident in which one or more vehicles either collide with
each other, with an obstacle, a pedestrian or an animal, and
as a result, one or more people loss their lives.

3- A Serious Injury Road Traffic Accident: This is a
road accident in which one or more vehicles collide with each
other, with an obstacle, a pedestrian or an animal, and as a
result one or more people need hospital care.

4- A Slight Injury Road Traffic Accident: This is a

road accident in which one or more vehicles collide with each
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other, with an obstacle, a pedestrian or an animal, and as a

result one or more people suffer injuries which require first

aid treatment only.

5- A Damage to Property Road Traffic Accident: This is

a road accident in which one or more vehicles collide with
each other, with an obstacle, a pedestrian or an animal, with
resulting property damage which in Jamaica requires an

expenditure of at least $10.0 for repair.

6- Fatalities: Care must be taken with this term, as

definitions vary form country to country (See Table 2-7).
Some countries consider that death occurred as the result of
a road accident if the victim died on the spot (e.g.,
Belgium), some if the victim died within 24 hours (e.g.,
Spain), and some if the victim died within one year (e.g.,
U.S.A.). In this study, a fatality is considered to be death
within one year and one day after the accident (Jamaican

Traffic Police Department, 1985).

7- Personal Injury: Slight injury does not require

hospitalization, but serious injury does require

hospitalization.

8- Vehicles: Vehicles are definéd; for the purpose of
this study, as cars, trucks, minibuses, vans, motorcycles,

and others (e.g., tractors, carriages pulled by animals,

bicycles, etc.).

9- Slight Damage: Same as serious damage, but the cost

of repairs would be less than $10.00 in Jamaica.
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10- Traffic Flow: The number of vehicles using a
certain junction or road within a specified time frame, e.gq.,
2,000 vehicles per day.

11- Black Spots: Defined as high accident rate

locations, usually expressed in a ratio format. 1In this
research, the term "black spots" is not expressed as a ratio,
because there were no traffic flow statistics available for
the road of study. The example below should help clarify the
above statement:
A junction or road that has 200 vehicles flowing through
it every day, and has 10 accidents each day, is more
dangerous than a junction that has 1,000 vehicles
flowing through it daily and has 200 accidents occurring
each day.
Therefore, when the term "high accident location" is used,
the number of accidents in a specified time frame should be
related to the number of vehicles using that particular
location where the accident happened. Also, the
improvements which prevent 10 accidents a day at a low
traffic junction are likely to be relatively more expensive
per accident prevented than will the same cost applied to a

high traffic intersection reporting 20 accidents a day.

1-6. Methodology

Due to the complexity and the extent of the problem,

several methodologies had to be developed in several stages
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in order to obtain the necessary information for subsequent
analysis and recommendations.

Initially, a method had to be developed to identify
the organizations involved in road safety in Jamaica.
Although this was anticipated to be an easy stage, it
turned out to be a rather difficult one. There is no one
organization in Jamaica that deals only in roads and
transportation.

The World Bank was first approached for some
information relative to this aspect of the study.
Unfortunately, they did not have any data directly related
to Jamaica, but were able to supply some information useful
in the initial literature review.

Finally, after lengthy discussions and research, it
was found that what was called the Ministry of Construction
Works and the Highway Police Department had some of the
information needed for the completion of the research.

Then a methodology for obtaining the necessary information
from the correct organizations had to be developed.

For the literature review, a good deal of material was
gathered from previously published feéearch papers, books,
and discussions. Unfortunately, none of it was directly
helpful, nor could it be used without first sorting it out. -
Special techniques and methodologies discussed in the
chapter on data collection were applied so that only
relevant and reasonably reliable information would be

presented to support the findings of this study.
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The World Bank and the World Health Organization
(W.H.O0.) were first approached in an initial effort to
gather specific data concerning the road accident problem
in Jamaica. The data which they offered was inadequate for
the purposes of this research. However, discussions with
the World Bank and W.H.O. revealed that T.R.R.L. had
actually conducted some research in Jamaica which produced
those data subsequently provided to the World Bank and
W.H.O0. Therefore, T.R.R.L. in England was contacted and
some information was acquired as a result.

The data received from T.R.R.L, nevertheless,
presented problems similar to those found with the data
offered by the World Bank and W.H.O. Therefore, it could
be utilized only in a limited fashion within the review of
literature. A great number of statistical formulae and
derivations were presented in the T.R.R.L. material. It is
felt that such formulae are not useful in research of this
kind in developing countries, because there is simply not
enough factual data to which to apply them. As the methods
of data collection in these countries leave a great deal to
be desired, such sophisticated formulae cannot be helpful
in deriving reliable conclusions.

Finally, it was determined that the best methodology
for collecting the most useful data for this research was
to actually go to Jamaica. Therefore, the candidate and
his advisor, Dr. Jabbari, each made a trip to Jamaica for

this purpose. Due to limitations imposed by time and
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money, while in Jamaica, it was necessary to focus
primarily on gathering as much available existing data as
possible. Evaluation of the data collected in this fashion
was postponed until return to the United States (methods of
data collection are explained in Chapter 5). In general,

however, even by this method, very little useful data were

obtained.
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Chapter 2

A Review of the Literature



2-1. Introduction

The problem of road traffic accidents is a new and not
much understood issue in the developing nations. Until about
the mid-seventies, there was little concern in these
countries about how many people died as a result of road
traffic accidents. Therefore, there was no effective attempt
at any improvement in road conditions and very little
research done on this problem.

Responsibility for road safety does not rest in any one
academic field, but is spread over a truly multi-disciplinary
area. Civil and highway engineers are responsible for the
design and construction of the road system; mechanical
engineers design, build, and maintain the vehicles using the
road system; lighting engineers ensure that we are able to
see at night by providing road and vehicle lighting;
electronics engineers are responsible for many control
systems on the road, and to an increasing extent in the
vehicle. On the human side, psychologists study human
behavior, ergonomists examine the immediate environment of
vehicle operation; education services provide the population

with road safety training. Support services are provided by
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the medical profession not only in the field of accident
surgery, but also on the question of fitness to drive.
Statisticians’ experimental designs can give the information
needed to evaluate changes in the system, and they provide,
in cooperation with computer programmers, the tools to enable
data storage and analysis.

However, these disciplines cannot work in isolation, as
the findings of their research may affect other areas. Thus,
the published work in this field is diversified in subject
matter and, as the study of road safety expands due to social
pressures created by the growth of the problem, it becomes
more expensive.

The longer a subject is studied, the deeper and more
specialized the research tends to become, but compared with
the classical scientific disciplines, research into road
safety is still moving from general topics into specific
areas.

The effect of the many disciplines involved in gathering
data which may ultimately be used in traffic accident
countermeasures is that any review of the literature cannot
hope to cover the entire field of traffic safety in depth.

This review will be no exception. Since the scope of
this project is limited to the study of road traffic
accidents in Jamaica and their prevention, all that will be
attempted in this review will be a presentation of some of

the work done to date on that subject matter.
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2-2. Road Accidents as a Cause of Death in Developing and

Developed Countries

To illustrate the extent of the road accident problem in
developing countries, comparisons have been made between road
accident fatalities and the number of deaths resulting from
disease. The results have been shown by a World Health
Organization (WHO) survey to be of particular concern to
developing countries. Such an analysis was first carried out
for the year 1968, and results were given in a paper
presented at the Planning and Transport Research Cooperation
(PTRC) Summer Meeting in 1975 (Jacobs & Hards, 1978). For
the 10 countries for which data was available, it was found
that road accidents ranked third as a cause of death,
accounting for 13% of the total number of deaths studied.

The analysis was repeafed for the year 1975, using data from

15 countries:

1- Barbados 6- Jamaica 11- Mauritius

2- Cyprus 7- Jordan 12- Singapore

3- Hong Kong 8- Kenya 13- Sri Lanka

4- India 9- Malawi .14- Trinidad & Tobago
5- Ivory Coast 10- Malaysia 15—~ Zambia

In this later analysis (see Fig. 2-11), road accidents
accounted for almost 17% of the total number of deaths
studied, a value exceeded only by the number of deaths from
enteritis (and other diarrheal diseases).

Although the countries for which data was available may

not be representative of the entire Third World, it is clear
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Hlustration removed for copyright restrictions

Fig. 2-1. Percentage of deaths by various causes in 15
developing countries (Jacob & Hards, 1978).
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that road accidents in developing countries represent a
growing social problem.

Road accident fatalities rank fourth as a cause of death
in industrialized countries, after heart disease, neoplasmns,
and respiratory problems (MacKay, 1979).

Heart disease, cancer, stroke and accidents are the
leading causes of death in the United States today. Figure
2-2 depicts the number of deaths attributed to these causes
by single year ages in 1986.

Accidents were the leading cause of death of individuals
from age 1 to 37 in 1986. The pattern of 1986 accident
fatalities shows a substantial increase in fatalities
occurred to persons between ages 14 and 21, rising from 699
for l4-year-olds to 2,336 for 21-year-olds. Persons age 21
suffered the greatest number of lives lost to accidents.
Accident fatalities gradually decreased from age 21 to age
48, then remained relatively stable from age 48 to age 90
(National Safety Council, 1989).

Heart disease, the leading cause of death overall, was
also the leading cause of death of persons age 63 and over in
1986. Heart disease fatalities peaked at 24,692 for persons
80 years of age (NSC, 1989).

Cancer, the second leading cause of death overall, was
the leading cause of death of persons between ages 38 and 62

in 1986. Cancer deaths peaked at 15,390 for individuals age‘

72 (NSC, 1989).

- AA -



Aston University

Nlustration removed for copyright restrictions

Fig. 2-2 Accident Facts, 1989

(Source: National Safety Council tabulations of National
Center for Health Statistics data. ICD codes are 390-398,
404-429 for heart disease; 140-208 for cancer; 430-438 for
stroke; E800-E949 for accidents.)
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The third leading cause of death in the United States in
1986 was stroke, which overtook accidents as the third
leading cause of death of persons age 55 to 88 and overtook
cancer as the second leading cause of death of persons age 89
and over. Stroke deaths peaked at 5,825 for persons age 83
(NSC, 1989).

Motor-vehicle accidents, falls, drownings, and fires and
burns were the leading causes of accidental death in the
United States in 1986. Figure 2-3 depicts the number of
deaths attributed to these causes by single year ages in that
year.

Motor-vehicle accidents were the leading cause of
accidental death overall and the leading cause of accidental
death of persons age 1 to 78 in 1986. The distribution of
1986 motor-vehicle fatalities shows a sharp increase for
persons age 12 to 21, rising from 235 for 12-year-olds to
1,789 for 21-year-olds. The greatest number of motor-vehicle
fatalities occurred to persons age 21 in 1986.

The second leading cause of accidental death overall in
1986 was falls. Falls were the leading cause of accidental
death of individuals age 79 and over;‘félls deaths peaked at
398 for individuals age 86.

Drowning was the third leading cause of accidental death
in the United States in 1986. Drowning fatalities reached a
high of 241 for 1l-year-olds; drowning was the second leading ’

cause of accidental death for persons age 1, 2, and 6 to 41.
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Fig. 2-3 Accident Facts, 1989

(Source: National Safety Council tabulations of National
Center for Health Statistics data. ICD codes are E810-E825
for motor-vehicle; E880-E888 for falls; E830, E832, E910 for
drowning; E890-E899 for fires.)



The fifth through ninth leading causes of accidental

death in 1986 were poisoning by solids and liquids,
suffocation by ingestion, medical misadventure, firearms, and

poisoning by gases and vapors, respectively.

2-3. International Statistics on Traffic Accidents

In comparing international statistics on traffic
accidents, a number of factors must be considered. Crude
statistics, as in Tables 2-1 and 2-2, are not sufficient to
evaluate comparative vehicle density, population density,
annual vehicle kilometerage and road kilometerage. 1In
addition, unquantifiable factors like the degree of
urbanization and social characteristics must be considered
relevant in any comparative analysis of road traffic accident
problems. Although a general one exists, many countries use
different definitions of traffic fatality. Wide variations
range from the Belgian definition of a death occurring at the
scene of the accident to the more frequent usage--death
occurring with 30 days following involvement of the victim in
a traffic accident (Department of Environment, 1989).

In Table 2-3, the international differences in car
ownership rates, the fatality rates per million persons, and
the vehicle density in terms of vehicles per road kilometer
are presented. Exact comparisons of the relationship between-
vehicles and road kilometerage between different countries is

frustrated by varying local definitions of what constitutes a
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Table 2-1

International Comparisons of Road Deaths, and Rate for
Different Road Users, by Selected Countries, 1987

(HMSO Statistics Report, 1989)

Car User
Motor Road Deaths  Deaths per Pedestrian
Vehicles per  Road Deaths  per 10,000 100 million Deaths per
Number of 1,000 per 100,000  Motor Car 100,000

Road Deaths  Population Population Vehicles Kilometers Population
England 4,340 411 9.2 2.2 3.0
Wales 220 386 7.8 2.0 2.4
Scotland 556 31 10.9 3.5 3.8
Great Britain 5,125 400 8.3 2.3 0.9 3.1
Northern Ireland 214 308 13.6 4.4 4.8
United Kingdom 5,338 assg 9.4 2.4 3.1
Belgium 1,922 (c) 443 19.5 4.4 28 3.3
Denmark 698 400 13.6 3.4 1.2 2.7
Fed. Rep. of Germany 7,967 531 13.0 2.5 1.2 2.8
France 10,742 (d) 542 19.4 3.6 2.2 2.9
Greece 1,682 230 16.9 7.3 4.1
Irish Republic 461 253 13.0 5.2 4.0
Italy 7,108 (c) 525 12.4 2.5 1.7 2.2
Luxembourg 68 511 18.4 3.6 1.8
Netherlands 1,485 429 10.1 2.4 1'1. 1.2
Portugal 3,100 271 31.5 132 3.0 8.5
Spain 7.615 (a) " 383 19.6 5.1 6.4 3.6
Austria 1,468 522 19.4 3.6 2.8 3.3
Czechoslovakia 1,393 218 8.9 4.1 3.1
Finland 581 427 11.8 2.8 1.0 2.8
German Dem. Rep. 1.831 313 9.2 2.9 2.9
Hungary 1,571 214 14.8 6.9 5.2
Norway 398 499 9.5 1.9 1.0 1.9
Poland 4,625 176 12.2 7.0 55 5.5
Sweden 787 461 9.4 2.0 1.0 17
Switzerland 904 581 13.8 2.5 1.2 3.1
Yugoslavia 4,526 169 19.3 11.4 7.5 5.9
Australia 2,771 577 17.1 ' 3.0 3.2
Canada 4,280 (b) 530 16.6 2.8 25
Japan 12,151 563 8.9 1.8 1.4 3.0
New Zealand 767 632 23.1 3.7 3.4
U.S.A. 46,386 (b) 784 19.5 2.5 1.0 3.4

(Source: Motor vehicle deaths, World Health Organization. Vshicle registrations, Motor Vehicle Manufacturers
Association of the U.S., Inc., Motor Vehicle Facts and Figures, 1989 Edition.)

-

Death definition: In general, deaths are included if they occur within 30 days after the accident, but other time
periods are as follows: {a) 24 hours, (b) one year, (c) at accident scene only, (d) three days.

road (National Safety Council, 1989). Nevertheless, Great

Britain is shown to have comparatively low traffic accident



Table 2-2

Some International Vehicle Ownership and
Road Accident Fatality Rates

(Jabbari, 1981)

Road
Vehicle Accident Road
Rate Fatalities Vehicle per
(Vehicle/ per 10 Kilometer
Country Year Person Persons of Road
U.S. A, 1979 0.43 278 16.9
N.Zealand 1980 031 194 10.8
Canada 1980 0.29 257 9.8
Australia 1980 0.29 281 4.7
Sweden 1980 0.29 159 1302
France 1980 0.24 292 E75% 1
G.Britain 1980 0.21 139 I
W. Germany 1980 0.21 274 35.1
Belgium 1980 0.21 149 23.1
Switzerland 1980 0.20 248 DRS:
The Nether- '
lands 1980 0.20 256 382
Italy 1980 0.17 187 36.7
Japan 1980 0.08 171 16.5

fatalities per capita while reporting highest vehicles per
mile figure. The U.S.A., in contrast, shows a high fatality
rate with a relatively low vehicles per mile figure. But no
true allowance for exposure is factored into these
comparisons. The annual kilometerage maybe quite different
for similar types of vehicles, for instance, and in the
U.S.A. accident mean speed is likely to be higher than in

Great Britain, thus the higher fatality rate.



Urban/rural population distribution and distance between

population centers are elements which need to be factored

into the equation. 1In 1988, 64.5% of fatal accidents in the

U.S.A. occurred in rural areas (National Safety Council,

1989), while Great Britain’s share of rural road fatalities

was 48.8% (Department of Environment, 1988). A 1988 report
noted that for the period studied, in the U.S.A., only 17.9%
of road traffic accident deaths were pedestrian fatalities

(National Safety Council, 1989), while Great Britain’s figure

in this category was 35% (Department of the Environment,

1988) .

Demonstrating that population size (P) and the number of
vehicles (V) can account for much of the variation in road
deaths between different countries and at different times in
the same country, Smeed (1949) offered the following formula:

Annual road deaths = 0.003 (V.P)'® = y/p
This widely applicable formula clarifies the relationship of

the degree of motorization or vehicles per capita (V/P) to

annual road deaths. Deaths per vehicle fall as V/P rises;

road deaths rise less with increasing vehicle ownership than

might be expected. It is reasonable to -conclude that this

relationship is an indicator of the many changes which follow

upon increasing vehicle ownership per capita, e.g., improved

roads, better vehicles, changes in driving behavior, and

higher quality medical care for casualties (see Fig. 2-4). ’
These adaptations to increasingly technologically

sophisticated means of road transport have been made over 70
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Fig. 2-4. Typical relationship between fatalities per
inhabitant and motor vehicles per 1,000
inhabitants*

(Source: Carlson and Hedman, 1989)

*This relationship would differ from country to country,
because of the various definitions of "Fatal Accident." 1In
general, the relationship will be the same with variations in
the slopes of the lines (hence the rate of change).

These adaptations to increasingly technologically
sophisticated means of road transport have been made over 70
years or more in the industrialized countries. Changes have

been more rapid in many developing countries. Thus, for

certain periods of time in these countries, Smeed’s
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statistical relationship does not apply. In cases of very
rapid modernization, the death rate per vehicle may rise with
an increasing level of vehicle ownership.

Thus, in some developing countries, over a short period
of time, the likelihood of being involved in a traffic
accident may become so great that road deaths per capita
exceed levels in industrialized countries, even though
vehicle ownership numbers are still relatively low. Figure

2-5 demonstrates this relationship in the case of Zambia.

2-4. Road Accident Problems in Developing Countries

In developing countries, in 1974, there were over 100,00
people killed and over 1,500,000 seriously injured as a
result of road traffic accidents (Jacobs & Hards, 1978), and
the situation is gettiﬁg worse. Up to 1972, very little
research had been carried out on the problem of road
accidents in developing countries. However, following
requests for aid and guidance in this field, in 1972, a small
team was formed within the Transport and Research Laboratory
(T.R.R.L.) overseas unit to carry out .some work on developing
countries’ road safety problems. ‘

In those developing countries which are rich in oil,
Nigeria, for instance, road casualties have increased
spectacularly. Although gross under reporting probably
occurs, road deaths have doubled in the past six years
(MacKay 1979). But, in other developing countries without

0il the increase has been less abrupt. In general, it is
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Fig. 2-5. Fatalities per million population by year (Ogren,
1979; Jacobs & Fouracres, 1977).
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likely that most of the developing countries are now entering
a period of very rapid and sustained growth of vehicle
ownership, and, hence, road accidents. The experience of the
industrialized countries indicates that vehicle ownership,
with time, follows a classical "S" curve (see fig 2-6).
Although there is uncertainty over the final asymptotic level
of stable ownership, it appears that many countries are
reaching the point on the lower part of the "S: curve where
the growth rates take off from very low levels and increase
linearly for a number of years. Particularly, if oil is
available, it is likely that the growth rates will be very
much faster than has been the case in the industrialized
world.

In order to investigate the changing pattern of fatality
and injury rates over time, fatality and casualty rates per
licensed vehicle were obtained for the years 1967 to 1977
(Table 2-3). It was found that there was a tendency for most
of the rates related to licensed vehicles to decrease with
time. Of the 21 countries studied, most showed a decrease
with time, 15 showed a decrease in fatalities per vehicle,
and 18 countries showed a decrease in.ihjuries per vehicle.
This analysis agreed with that carried out by Smeed in 1953
and again in 1968 (mainly in developed countries), which
showed decreases in 15 out of 16 countries studied.

Zambia, Jamaica, and Kenya were among the countries
which had considerable increases in the number of fatalities

per licensed vehicle and, in such counties, unusual factors
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may be operating. Thus, by examining trends over a period of
time, it is possible to identify countries where the road
accident situation is worsening. From the above analysis,
Kenya, Malawi, Zambia, Botswana, Jamaica, and Nigeria fall
into this category (Table 2-3)..

Having studied changes in fatality rates over a l1l0-year
period, the analysis was repeated for both longer and shorter
time periods. The analysis was first repeated for as long a
period as possible (up to 20 years), and then for the four
year time period, 1974-1978. Results are given in Table 2-4.
Over a longer period of time (mainly 1958-1978), the results
are similar to those obtained in the earlier analysis of 22
countries over the 10-year period (1967-1977).

Thus, of the 26 countries for which data was available
(15 developing Table 2-4, and 11 developed Table 2-5), 23
showed a decrease in fatality rates. Those showing an
increase were all developing countries, namely: Kenya,
Zambia, Jordan, and Sri-Lanka (Table 2-4). Similar results
can be seen in developing countries in later periods (1971-
80, 1980-84).

Over the four-year period, all 11 developed countries
again showed a decrease in fatality rates. Of the 15
developing countries, eight showed an increase. Thus, over
this shorter period, approximately two-thirds of the
developing countries in the group of countries considered
showed increase in fatality rates, indicating that the

accident situation had worsened considerably over this short



Table 2-3

Percentage Change in Vehicle Ownership Fatality
and Injury Rates in Different Countries Over a 10-year Period
(1967 was used as the base year)

(Jacobs & Fouracre, 1977)

Fatalities Injuries

Vehicles Injuries per per
per Fatalities per Licensed Licensed

Country Capita per Capita Capita Vehicle Vehicle
Rustralia + 38 + 18 + 24 -15 -10
Botswana + 44 + 69 + 36 +16 =
Br. Honduras +205 + 95 + 32 =37 -57
Ceylon + 36 + 26 = 31 -10 =50
G. Britain + 41 + 5 +105 -43 = 1
Guyana + 85 + 74 + 70 -26 -33
Hong Kong +128 + 42 + 45 -40 -39
Jamaica + 26 + 95 + 16 +55 -33
Japan +461 + 14 +176 -80 =51
Kenya + 30 +123 + 43 +78 +14
Malawai + 11 + 37 + 22 +22 . +10
Malaya +123 : + 70 + 37 -24 =38
New Zealand + 48% + 13 + 28 -24 -14
Nigeria + 33 + 58 = 12 +27 -28
Singapore +133 + 41 + 16 -34 -46
Sabah +173 +103 +128 -28 -18
st. Lucia +180 +165 - 21 - 4 -72
Tanzania + 50 + 32 + 23 - 2 =10
Turkey +140 + 59 + 44 -28 =35
USA + 37 + 29 .y -6

Zambia + 47 +125 +127 +52 +54

*1967 and 1977 figures not available, therefore 1965 and 1973
figures were used.

time. Over this period, although vehicle ownership had
increased substantially (approximately 40% on average, it is
possible that measures necessary to reduce accident rates,

regulations and improvement in vehicle safety standards, had



Table 2-4
Percentage Change in Fatality Rate per 10,000 Vehicles
in Different Developing Countries Over the Period
1974-1978, 1958-1978, 1970-1979 and 1979-1983

(Source: Jacobs & Hards, 1978)

Changes in Changes in
Fatality Rates Fatality Rates
Country 1974-1978 (%) 1958-1978 (%)
Barbados - 4.6 =-52.7
Cyprus -26.6 -73.2
Hong Kong ~25.5 -62.7
India -23.6 -22.8%
Ivory Coast =237 -33.4
Jamaica + 8.8 - 3.7*x%
Jordan +23.0 + 9.6
Kenya +30.8 +153.1
Malawi ¥ 7.5 -24.5
Malaysia +56.3 —-24.7%x*
Mauritius +29.2 ~-26.4
Singapore - 4.2 -44.2
Sri-Lanka + 0.8 +47.4
Trinidad and Tobago Y + 2.7 -58.3
Zambia - 4.9 +54.6
1970-1979 (%) 1979-1983 (%)
Botswana - 0.5 - 5.1
Chile - 4.7 - 8.2
Ethiopia + 0.5 - 6.7
India + 2.0 - 5.7
Jordan = Fwl - 3.8
Kenya o il - 3.6
Malaysia + 3.3 -14.7
Morocco - 2.7 - 5.8
Niger - 3.6 -12.3
Pakistan + 4.1 - 5.4
Sri Lanka - 2.2 - 0.4
Thailand +* 4.7 - 6.0
Tunisia + 2.4 - 6.1
Turkey Y i = T
Nigeria - 1.9 - 4.9
Mauritius - 5,2 - 5.5

* 10~year period

*% 15-year period



Table 2-5
Percentage Change in Fatality Rate per 10,000 Vehicles
in Different Developed Countries Over the Period
1974-1978, 1958-1978, 1979-1979 and 1979-1983

(Source: Jacobs & Hards, 1978)

Changes in Changes in
Fatality Rates Fatality Rates
Country 1974-1978 (%) 1958-1978 (%)

Australia -17.4 -46.3
Canada - 8.6 -34.1
Denmark - 8.8 -66.3
France - 1.2 - 8,7%%*
West Germany -13.8 -87.2%
Great Britain -81.8 -47.9
Italy +17.5 -54,9%%
Japan -22.7 ~-92.2
Poland -84l -82.5%*
Sweden -26.1 -41,.0%*
Switzerland - 7.3 -69.0

1970-1979 (%) 1979-1983 (%)
Australia - 4.0 - 8.0
Belgium : - 4.9 - 3.7
Denmark - 4.4 - 0.6
Finland - 8.0 - 3.6
Great Britain - 4.3 = 243
Germany W - 6.8 - 7.0
Ireland - 3.8 - 1.1
Netherlands =5l - 5.7
N Zealand - 4.4 0
Norway - 6.4 - 1.1
Spain - 5.3 - 3.5
Sweden - 6.0 - 3.0
usa - 3.9 - 4.8

* 10-year period

** ]15-year period



not kept pace with the rise in vehicle ownership. Results of
later studies (1979-1983) shows that rates of fatality
accidents have actually been reduced. This fact is very
encouraging and means that some of the developing countries
are beginning to take note of their serious road accident

problems.

2-5. Trends_in Fatality Rates

Predicting trends in road accident fatality rates
depends upon reliable analysis of past and current fatality
rates. Smeed (1949) developed a formula for this purpose
using 1938 road fatality data from 20 European countries, the
U.S.A., Canada, Australia, and New Zealand. The relationship
is expressed as follows:

F/V = 0.003 (v/P)™%?
where F = road fatalities

v number of vehicles

P = population Smeed’s method was
again employed by Jacobs and Hutchinson (1979), and Jacobs
and Fouracre (1977) in two studies analyzing developing
countries’ fatality rates over several years. Both studies
produced a statistically significant relationship at the 1%
level, shown in Figure 2-7. Figure 2-7 demonstrates that the
fatality rate decreases as vehicle ownership increases. 5
Thus, developing countries with fewer vehicle owners produce
higher fatality rates (Jacobs & Fouracres, 1977), as shown in

Table 2-6, with the exception of Zambia. Thus, vehicle
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Table 2-6

Fatality and Vehicle Ownership Rates in Developing Countries

(Jacobs & Hards, 1978)

Vehicles
Fatalities per Licensed per
Country 10,000 Vehicles 10,000 persons
Angola 108.0 9.7
Botswana 43.2 278.0
Cameroon 18.2 748.2
Chile 2141 519.0
Congo 56.9 1507
Colombia 34.5 243.3
Ethiopia 206.1 15.5
Ivory Coast 42.3 109.6
Indonesia : 35.9 83.3
Jordan 44,1 427.0
Kenya 65.4 166.3
Korea (S) 29,0 355.8
Liberia 62.0 134.3
Lesotho 111.2 88.6
Mauritius 340.2 22.9
Mexico 18.2 748.2
Malaysia (W) 16.2% 196.0
Malawi 173.5 62.1
Morocco 46.6 278.0
Mali 21.3 127.3
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Table 2-6 cont.

Fatality and Vehicle Ownership rates in Developing Countries

(Jacobs & Hards, 1978)

Vehicles
Fatalities per Licensed per
Country 10,000 Vehicles 10,000 persons
Niger 68.7 57.0
Nigeria 234.8 48.7
Panama 29.7 5131.1
Pakistan 53:2 93.3
Peru 611.4 17.0
Sierra Leone 44.2 114.0
Sri-Lanka 48.2 132.2
Senegal 34.8 142.5
Swaziland 88.9 310.0
Taiwan 17.7 1295.3
Thailand 26.8 3340.0
Togo 56.7 147.3
Tunisia 39.8 364.4
Turkey 53.3 364.4

* 10-year period.

*% 15~year period.
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Aston University

Nlustration removed for copyright restrictions

Fig. 2-7. Relationships between fatality rates and levels of
vehicle ownership (Jacobs & Hards, 1982).
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ownership doubled from 1967-1974 with a concomitant increase
in fatalities of 181% per vehicle (Emanlo, Puustelli, Ciampi,

Joshi, 1977).

2-6. Factors Affecting Accident Fatality Rates

As vehicle ownership increases, it would be expected
that vehicle-vehicle and vehicle-pedestrian accidents will
increase. It might also seem logical to assume that as the
numpber of vehicles owned in a country increases, rates of
vehicle accident injury and fatality would increase. Jacobs
and Hards (1982), however, demonstrated that the rates of
vehicle accident fatalities and injuries fall with increasing
vehicle ownership. This relationship is shown in Figure 2-7.
In analyzing this trend, Garwood and Munden (1968), ‘in a
study of Great Britain; demonstrated that, while the total
number of casualties per vehicle mile traveled fell over
time, the rate per vehicle mile for drivers of cars, other
four-wheeled vehicles, motorcyclists and pedal cyclists rose.
The following explanations were put forward:

1- Over time, riders and passengers of two-wheeled
vehicles, who show the highest casualty rates per mile
traveled, decrease in their proportion of total traffic.

2- Not included in these statistics are pedal cyclists
and pedestrians, however, casualties in this group do not
show as fast a rate of increase as the total casualties.

3- Pedestrian casualties per motor vehicle mile are

falling for the deferent classes of vehicle.
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Garwood and Munden’s findings suggested that, perhaps,
the fact that vehicles with the highest accident rates are
decreasing in numbers accounts for the decreased rates per
vehicle over time in most countries. Further, the increasing
construction of shopping malls, pedestrianization of central
shopping areas, and improved pedestrian crossing facilities
may have contributed to the decline in pedestrian accident
rates per vehicle. These effects were confirmed in a study
of developed countries by Smeed (1968) as having a
significant impact on dampening motor vehicle casualty and
fatality rates over time.

In contrast to the downward trend exhibited by most
other developed and developing countries, however, as
demonstrated in Table 2-3 above, Kenya, Jamaica, Zambia and
Nigeria showed an upward trend in fatality rates per vehicle
over time.

Garwood and Munden’s work suggests that such aberrant
trends may be due to a rapid increase in vehicle ownership or
the failure to improve pedestrian facilities, thus deceasing

pedestrian/motor vehicle conflicts.

2=7. Measurement of Exposure

For comparison of traffic hazards in different areas, or
at different times, or to different classes of road users it
is important to take exposure to the hazard into account. A
number of different measures of exposure are currently used

and are described by the Institute of Traffic Engineers
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(1965), Department of Scientific Research (1963), and
Johanson and Garwood (1972). The rates most commonly used
are:

1- Casualties or accidents per capita.

2- Casualties or accidents per mile (or kilometer) of

road.

3- Casualties or accidents per vehicle mile (or vehicle
kilometer).

4- Casualties per vehicle accident.

The amount of exposure differs for each measure
mentioned above. Casualties per capita is the measure
usually used to describe pedestrian casualty rates, although
it does not take into account possible differences in the
number of kilometers (miles) driven per vehicle (Hayes,
1983).

A measure of casualties or accidents per unit of road
length is only valid for comparative purposes when traffic
flows on the lengths being compared are similar. The most
widely used basis for comparison is the rate per vehicle
kilometer. Accidents or casualties per vehicle kilometer
takes into account traffic volume and the kilometers driven.
This measure is used for comparison of different road types
and vehicle classes, and for comparisons between countries,
although caution is needed when making such comparisons. At
intersections, it is meaningless to consider accidents per
vehicle kilometer, since the distance over which such a rate

is being calculated is virtually zero. Thus, a better
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description of the accident rate is obtained simply by

accidents per vehicle entering the junction. Accepting these

current measures of exposure, Hadden (1964) pointed out two

important aspects of their use. First, the kilometers driven

by each class of vehicle are calculated from fuel usage, and

the average consumption rate by the different types of

vehicle. It is thus inappropriate to apply rates calculated

on such a gross scale to local conditions where the quality
of the exposure may differ considerably from the average.
Second, vehicle occupancy rates differ for different types of
road, at different times of day, and for different classes of

vehicle. These variations make casualty rate comparisons

more liable to error.

A serious difficulty encountered in making comparisons
between countries arises from the employment of different
definitions of traffic accident fatality. Table 2-7 shows
some definitions used.

Using the data in Table 2-7, it can be seen that the
definition of a traffic accident fatality used in the U.S.A.
is death within one year of the accident, while in Belgium it
is defined as death at the scene of tﬁeiaccident. Therefore,
comparison of traffic accident fatality rates of these two
countries is difficult.

Jamaica defines a traffic accident fatality as death
occurring 24 hours after occurrence of an accident (Traffic
Police Department, 1985). Therefore, it is difficult to

compare Jamaica with the U.S.A., U.K. or Australia.
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Table 2-7

Traffic Accident Fatality Definitions for Various Countries
(World Health Organization 1990)

Definition of a Fatality

Country Death Occurring
Austria Within 3 days of the accident
Belgium At the scene or immediately afterwards
Canada One year of accident
Denmark Within 30 days of the accident
Finland Within 30 days of the accident
France Within 3 days of the accident
Great Britain Within 30 days of the accident
Hungary Within 48 hours of the accident
Ireland (Eire) Within 30 days of the accident
Italy At the scene of the accident
Netherlands Within 30 days of the accident
Norway Within 30 days of the accident
Poland Within 48 hours of the accident
Portugal Within 30 days of the accident
Spain Within 24 hours of the accident
Sweden Within 30 days of.the accident
Switzerland Within 30 days of the accident
U.8.x. Within 1 year of the accident
West Germany Within 30 days of the accident
Yugoslavia Within 30 days of the accident




2-8. Cost of Road Accidents

Before studying any road accident costs in Jamaica, let
us look at some work that has been carried out in developed
countries. In 1988, in the U.S.A., the estimated cost of
motor vehicle accidents was or $7.0 x 10" (National Safety
Council, 1989) and in 1988, in the U.K., was over 5.5 pounds
x 10* (DOE 1990). In the calculations of accident costs,
there are a number of aspects which must be considered,
including:

1- cost of permanent disability,

2- cost of medical treatment,

3- cost of vehicle and property damage,

4- administrative costs

5- subjective costs -- pain and suffering, and

6- cost of producfive time lost as the result of an
accident.

To date, there has been almost no cost analysis of
Jamaican accident data, but, in the U.K., four studies have
been made to calculate the cost of road accidents. The
earliest was by Jones (1946), using data for 1938. This was
followed by Reynolds (1956) and by Damsdn (1967, 1970). The
absolute cost of accidents calculated by different authors is
of little interest since comparisons are made difficult by
the conversions needed due to price and wage increases. It
is methodologies used in arriving at these cost figures which

are more useful.



Jones (1946) did not break his calculations down into
the sections listed above, but considered only compensation
for injury were based upon court awards. The effect of this
nmethod is to consider only the more serious injuries and then
to use a nonrepresentative value for these, since court
awards tend to be skewed in their distribution. Jones tried
not to include any contribution for pain and suffering, as
this can be difficult.

Reynolds (1956) used basically the same system as that
of the government (explained above), but used 1952 costs.
Dawson (1967) was the first of the British authors to make
any allowance for the non-pecuniary losses resulting from an
accident. Thedie and Abraham (1961), in a French study,
included about $5,000 per fatality for effective losses,
including pain and suffering compensation ad other factors.
Dawson added (in 1963 values) $12,000 per fatality and $500
per serious injury accident.

Thorpe (1963) reports that, based on insurance claims
and on minor accidents not involving claims, the costs of
accidents in the state of Victoria, Australia, was about $60
X 10. The true cost would be considefdbly higher if
subjective costs were included.

More recent work, published in 1980, was carried out on -
the costs of road accidents in Great Britain for the year
1977 by Barbara E. Savey and H. Taylor. They found that, in ’

Great Britain in 1977, there were 6,000 deaths, 81,700

serious injuries (usually requiring hospitalization), and
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259,770 lesser injuries reported in the police statistics.
It is known that injuries are underestimated by probably 30%.
In addition, it is estimated that at lease another 1% million
non-injury accidents were reported to insurance companies and
an unknown number of accidents do not appear in any
statistics. The costs of these accidents to the community
have been fairly reliably assessed at $1.8 billion in
resource costs, damage to vehicles and property (over half
the total), and costs of police and administration of
accident insurance (see Table 2-8). For 1988 see Table 2-9.
Over and above these costs are the costs of pain, grief
and suffering to the involved person, relatives and friends.
These are very real costs to the society, but are by their
nature not directly quantifiable in monetary terms. 1In
recognition of the relevance of these losses, current
practice in Great Britain is to include what can only be
regarded as a national minimum allowance for subjective
costs, which totals $680 million, and averages $50,660 per
fatal accident. However, a recent appraisal of these figures
(Sabey, 1980) suggests that they are not in line with general
principles of cost benefit analysis. ‘Aasurvey of studies
where researchers have attempted to evaluate how an
individual values risk has revealed figures for value of life:
between 2 % and 10 times this average. It is also true that
the U.K. accident values are consistently lower than those of

other countries.



Furthermore, it is difficult to calculate the lost
output of persons in developed countries, because of the way

computers and robots are doing people’s work in different

Table 2-8

Costs of Road Accidents in Great Britain in 1977

(Sabey, 1980)

Stg Pnds per Accident

Total

Stg Pnds Serious Slight

Million Fatal Injury Injury
Lost Output 560 75,000 1,400 40
Police and
Administration 150 300 200 180
Medical and :
Ambulance 88 60 1,010 60
Damage to
Property 1,080 1,620 1,290 880
Subtotal 1,878 77,520 3,900 1,160
Pain, Grief and
Suffering 680 50,660 4,850 100
Total 1,558 128,180 8,750 1,260

industries. In some respects, it is possibly less costly for'
some developed countries to lose these people--unemployment

is high, so these deaths allow other people to take the
vacated places--it means the state has one less person to

support.
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Table 2-9

Average Cost per Casualty and per Accident
Great Britain, 1990

(DOE, 1990)
Casualties
Fatal 551,600 610,320
Serious 16,720 21,410
Slight 340 2,010
Average All
Severities 12,210 17,670
Damage 770

2-9. Road Accidents as a Cause of Death in Jamaica

The size of the current problem in Jamaica is
demonstrated in Table 2-10, which shows the accident
statistics by results for several years. The table shows a
total of 5,106 accidents took place in 1981 alone. The above
figure may not appear large, but for a country as small as
Jamaica (population 2,200,000 1982 Census), it should be
considered disastrous. A brief comparison between the number
of fatal average between Jamaica and Great Britain, taking
into consideration the population, shows that Jamaica’s

fatality/population is 68% higher than that in Great Britain.

2-10. Jamaica’s Statistics on Traffic Accidents

In general, basic traffic accident statistics in Jamaica
are fragmentary, and, unlike most developed countries, there

is no central organization which records all the accident
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statistics for the whole country. The urban traffic police,
a division of the national police, collect and record urban
road traffic accident data and the highway police, who are
also part of the national police, collect and record rural
road traffic accidents.

In 1981, there were 5,106 serious damage accidents
reported on rural roads in Jamaica, involving 8,301 light and
heavy vehicles (Traffic Police Department, 1985). However,
many accidents are not reported to the police, because of the
legal procedures involved for drivers. This is especially
true for the guilty drivers, because the parties have to
spend a lot of time in legal processing. Usually, the
parties agree to sort the matter out between themselves,
unless one of the parties requires police attendancg. An
informal estimate from the Jamaican road police places the
number of road accidents at 10 times the reported figure
(Bendley, Keith, 1985). This is especially true in cases
where a road goes through a populated area.

Using the data in Tables 2-10 and 2-11, it can be shown
that the number of fatalities and serious injury accidents
were less in 1974 than in any other year, although the number
of vehicles licensed had approximately doubled. This was due
to the o0il shortage, which was a result of the 0il Producing .

Economic Community (OPEC) oil embargo.

- 75 -=



2-11. Number of Vehicles in Jamaica

There are no official sources in Jamaica that could
provide the number of vehicles in use in the country. The
only official source which could give the actual number of
vehicles registered in the country for different years is the
Department of the Collector General. The figures are shown
in Table 2-11.

However, in most towns, vehicle number plates are issued
by the Police Department. The police know, of course,
exactly how many vehicles are given plates, but when a
vehicle is scrapped, they are rarely informed. Therefore,
there is no reliable data showing the size, age, and
composition of vehicles.

Vehicle ownership rates in Jamaica are rising rapidly,
often tripling in a ld-year period (see Table 2-11 for
1967/68-1979/80). A concomitant increase in road traffic
accidents in Jamaica has resulted in their constituting a
major national health and economic problem, with some
distinct differences from accidents in developed countries.
Nevertheless, in spite of the relatively large toll in human
lives, causing grief and hardship to thousands of Jamaican

citizens, wives and children, the response has been

inadequate. Road traffic accidents, therefore, constitute an
issue of serious concern to Jamaican society--remedial

measures are demanded.



Table 2-10

Road Traffic Accidents in Jamaica by Results,

(Department of the Collector General, 1985)

1967-1981

Accidepts Serious Slight Damage to

Involving Personal Personal Vehicle
Year Total Deaths Injury Injury Only
1967 9,944 264 977 2,914 5,789
1968 9,964 305 928 2,732 5,999
1969 8,925 311 886 2,448 5,240
1970 8,315 328 1,023 2,342 4,622
1971 8,001 364 997 2,115 4525
1972 8,485 381 1,063 1,993 5,048
1973 8,264 40‘5 1,027 1,792 5,036
1974 7,365 368 944 1,677 4,376
1975 8,443 414 1,223 1,836 4,970
1976 70339 399 1,076 1,466 4,398
1977 7,432 357 1,269 1,426 4,380
1978 6,674 323 1,348 1,128 3,875
1979 5,813 287 1,047 1,019 3,460
1980 4,838 264 782 750 3,042
1981 5,106 247 782 805 3,262

(Source: Police Traffic Department)
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Table 2-11

Road Motor Vehicles Licensed in Jamaica, 1967/68-1979/80

(Department of the Collector General)

Trucks
Tractors Motor-

Period Cars** & Buses cycles Trailers
1967~1968 60,428 17,472 8,383 3,126
1968-1969 68,996 19,872 10,525 3,351
1969=1270 72,244 21,129 11,191 4,195
1970-1971 93,425 21,720 11,191 3;203
1971-1972 86,373 21,862 7,328 3,583
1972-1973 32,749 (a) 11,676 (b) 7,852 3,597
1973-1974 109,628 28,609 9,084 4,265
1974-1975 70,49; 18,852 11,565 3306
1975-1976 58,671 12,569 11,9258 832
1976-1977 55,969 12,430 10,510 1,074
1977=1%978 48,101 13,946 9,263 862
1978-1979 39,446 12,336 7,578 882
1979-1980 142,421 35,407 18,316 3,809

* April 1st - March 31st

*% Tncludes PMC; PPV; CMC

(a) This figure is very incomplete as it does not
include returns for major towns including Kingston, Spanish
Town and Mandeville.

(b) Buses not included.
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2=12. The Cost of Road Accidents in Jamaica

The cost of road accidents in Jamaica is extremely high,
because the majority of people at risk as car occupants in
Jamaica are the very people most valuable to the community.
Such casualties include professionals, senior civil servants,
doctors and technicians--those people most useful to the
economic development of the country.

The author has been unable to find any research that has
been carried out to estimate the cost due to road traffic
accidents in Jamaica up to the present time. But a
consultant (Dr. Collins, Aston University, Birmingham, U.K.,
personal interview, 1984) suggested that the cost is so large
that road safety expenditures would be one of the most
profitable investments the Ministry of Construction’ (Works)
of Jamaica could make.

A good example is provided by the U.S., where between
1968 and 1973 almost 1,500 safety improvement projects, at
total cost of $53 million, were completed. Studies indicated
that these improvements resulted in reductions by 5,000
accidents, 19.000 injuries and 210 fatalities annually
(Anderson, 1976). This was estimated to be a $5 savings for
each dollar spent. However, to put a meaningful cost on a
road accident is a difficult procedures. Some of the
constituent costs of each accident can be calculated, such as
repair bills, running costs of emergency services, legal
fees, etc., but there are other, intangible items such as

traffic delay, most production and, in particular, pain,
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suffering, and grief, upon which it is difficult to place a
sensible cost.

Dawson (1967-1971) has developed costs for road
accidents, upon which the official figures for the United
Kingdom are based. Using his figures, the total economic
cost of accidents, in 1970, was $680 million. In a later
paper, Dawson changed his methods of calculating the
effective loss of output of those killed in accidents, so
that their future consumption was no longer deducted from
their future output, thus considerably increasing the cost of
a fatality from $30,000 to $40,000.

The author’s deductions suggest that the cost to Jamaica
of road accidents its extremely high, and one of the
justifications for this research is to quantify this loss and
suggest ways in which this cost to Jamaica can be réduced by
reducing the number of road accidents.

A more detailed discussion and calculations will be

attempted in Chapter 3 of this study.

2-13. Factors Contributing to Road Accidents in Developing

Nations and Some Researched Solutions

Lately, research has been carried out by certain
organizations and consultants (McDonald, T.R.R.L.) on behalf
of some developing countries. Few of these countries have
finally realized the severe effects of road accidents on
their citizens and economies. This cry for help, however, is

a great step in the right direction. Unfortunately, many

- 80 -



more countries are still occupied with local and regional
disputes and have no time or resources to invest in improving
their accident rates.

In order for a solution to be devised, it is necessary
to know the causes of these accidents. Should they be blamed
on the driver, the road conditions, the weather, pedestrians,
or, perhaps, substance abuse? Unfortunately, in most cases
it is a combination of many of these factors that contributes
to a road accident. That is why this phenomenon is one of
the most difficult to successfully address.

Recent studies done by T.R.R.L. have produced
interesting results, some of which will be discussed in this
section. Their findings can be very useful in comparison
studies and studies like this one where data has been very
limited and fragmentary.

As alluded to above, accidents can be caused by the
following factors:

1. Human (driver or pedestrian)

2. Mechanical (vehicle)

3. Road and environment.

Table 2-12 shows some factors causing‘road accidents in some
developing nations. These statistics were compiled by each
country’s road police. In most developing countries, police
reports on accidents are the only records available.

Unfortunately, police officers tend to single out the human

factor in road accidents because they are not usually
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Table 2-12
Causes of Road Accidents As Determined by the

Police in Developing Countries

Main Cause of Accident (%)

Country Adverse Road
conditions
Road-user Vehicle or
error defect environment Other
Afghanistan 74 17 9 -
1984
Botswana 94 2 1 S
1982
Cyprus 94 L 5 -
1982
Ethiopia 81 5 - 14
1982
India 80 7 1 12
1980
Iran 64 16 20 -
1984
Pakistan 91 4 5 -
1984
Philippines 85 y 8 7 -
1984
Malaysia 87 2 4 5
1985
Zimbabwe 89 5 1 5
1979
T.R.R.L. On- 95 8 28
the-
Spot Study
1975%*

* In about 30% of accidents, multiple factors were
identified.

(Source: A. J. Downing, C. J. Baguley & B. L. Hills, 1991,
Road Safety in Developing Countries: An Overview.)




trained, as highway engineers are, to recognize flows in
highway design.

In the United Kingdom a more reliable approach was
instituted in the early 1970’s. This is "On the Spot™
investigation carried out in England by a research team for
T.R.R.L. (Sabey & Staughton, 1975). Their research
demonstrated the importance of the road-user factor, which
contributed to 95% of road accidents, and the strong link
between road-user error and deficiencies in the road
environment, together contributing to over 25% of road
accidents (see Table 2-12). In general, Table 2-12 shows
that the data emphasize the importance of road-user error in
road accidents in developing nations, but gives little
indication of road environment factors, other than gor Iran.
It is obvious from the data in Table 2-12 that the road
environment factor has been considerable underestimated by
the police in compiling their statistics. The condition of
main roads is poorer in developing countries than in
developed countries (Hammel & Faiz, 1988), and the pace of
engineering improvements to reduce road accidents is

considerably slower in the third world. -

2-13-1. Pedestrian Accident

There are some accident characteristics which are common
to a number of developing countries and yet are somewhat
different from those in developed countries (see Figure 2-8

and Table 2-13), e.g., in developing countries a relative
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Fig. 2-8. Pedestrian fatalities as a percentage of all road
accident fatalities.
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high proportion of road accident fatalities are pedestrians,
with a large percentage being children aged under 16 years
(Downing, 1991).

In many cases, these higher percentages are an obvious
consequence of the differences between the traffic and
population characteristics of developed and developing
countries. For example, in a sample of 16 developing
countries, the average percentage of the population aged 5 to
14 years was 28 percent compared with 15 percent for nine

developed countries (Downing & Sayer, 1982).

Table 2-13
Characteristics of Fatal Accidents
Percentage of fatalities which:
Country were children involved trucks
) under 16 years and buses

Botswana (1988) 16 25
Egypt (1984) 12 37
Ghana (1989) 28 50
Pakistan (1988) 14 44
(Karachi)

Papua 20 37
New Guinea (1987)

Zimbabwe (1988) I3 - 45
United Kingdom (1988) 9 21

A good example for the purpose of this research is the
case of Papua New Guinea (PNG). The population of PNG is
virtually the same as Jamaica, the terrain is similar and,
finally, the accident data is very similar. Research done in

1988 by the Royal Papua New Guinea Constabulary and the U.K.
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department of Transport shows that "crossing the road" in PNG
is the biggest single hazard for pedestrians, contributing to
46 percent of all casualties. 1In PNG, "walking along the
edge of the road" produces the highest number of fatalities
(38%). This 1988 study revealed that the combined activities
of walking along the road, along the edge of the road, or on
the pavement resulted in 46 percent of all pedestrian
casualties, demonstrating that these activities are just as

dangerous in PNG as crossing the road.

Aston University

lustration removed for copyright restrictions

Fig. 2-9. 1988 accident statistics, Papua New Guinea

(Source: RPNGC/Department of Transport)



2-13-2. Alcoheol and Drugs

Drugs and alcohol constitute an area of great concern in
some, but not all, developing countries. Certain studies
(summarized in Table 2-14) show that the blood alcohol levels
found in connection with accident fatalities in Trinidad
(Simmons, 1990) and Zimbabwe (Sandwith;, 1980) were
considerably higher than those found in Great Britain
(T.R.R.L., 1990). Also, looking at recent roadside alcohol
surveys conducted in PNG on weekends between 10 p.m. and 2
a.m., it is found that 24 percent of drivers were over 80
mg/100 ml (the UK legal limit). This is much higher than
the figures of 2 percent found in similar surveys in the UK

(Everest, 1991).

Table 2-14

Blood Alcohol Levels in Road Accident Fatalities

Percentage with BAC

Road-user exceeding (mg/100 ml)
Countr type
¢ ¥e 0 80
Trinidad driver - 41
(1988)
pedestrian ~ = 41
Zimbabwe driver 56 -
(1979)
pedestrian 72 -
Great Britain driver 31% 20 y
(1988)
pedestrian 37% 28

* = Over 9 mg/100 ml
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Examining the statistics derived by T.R.R.L. in PNG
(tables 2-15 and 2-16), we see that almost half of the
fatalities in 1988 were suspected of having some percentage
of alcohol or drugs in their systems at the time the accident
occurred. This statistic, by itself, is rather frightening.
It is very important to realize this problem does not only
apply to drivers, but also to pedestrians. Pedestrians who
are under the influence of alcohol or drugs are often as

dangerous to themselves and others as drivers who are under

the influence.

Table 2-15

All Recorded Road Accidents in Papua New Guinea, 1981-1988

Total Fatal Injury

Acci- Acci- Acci- Liquor Fatal- Vc;.hic les
Year dents dents dents Suspected ities Injuries Involved
1981 6862 252 1621 961 295 3072 11191
1982 6058 215 1532 1000 253 2894 9845
1983 5781 222 1471 830 264 2720 95268
1984 5731 236 1565 891 274 3042 9072
1585 5763 236 1523 865 2717 2952 5090
1986 5419 242 1541 = 274 3081 8539
1987 5046 263 1495 730 316 2958 7911
1588 5046 274 1569 863 3.47' 3175 7861

(Source: RPNGC/Department of Transport)

2-13-3. Data Collection

Good data is probably the single most important factor
in carrying forward a successful accident investigation.

This is true in almost every scientific field. All the
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Table 2-16

Injury Severity by Province, Papua New Guinea, 1988

(All Casualties in "Alcohol Suspected" Accident)

Number of Casualties

Acci- Vehicles Non-=
dents Involved ; ;

Fatal Hospital Hospital Total
Western 24 29 0 3 13 15
Gulf 3 4 1 0 2 3
Central 29 38 4 15 25 48
Milne Bay 10 11 3 4 2 9
Northern 8 8 0 12 11 23
S=-Highlands 7 10 1 1 5 7
E-Highlands 54 76 10 56 36 102
Chimbu 25 29 10 21 17 48
W-Highlands 6l 88 16 43 38 97
W-Sepik 1 1 0 0 1 1
E-Sepik 24 33 2 10 21
Madang 3 29 8 28 14 50
Morobe 99 "146 6 37 39 82
WNBritain 24 33 2 12 13 27
ENBritain 95 144 9 33 27 69
New Ireland 14 14 2 7 4 13
N-Solomons 49 63 5 21 27 53
Manus 4 5 1 8 0 9
NCD 277 445 14 41 79 134
Enga 24 29 7 28 20 55
Total 863 1245 101 ‘378 387 866

(Source: Papua New Guinea Department of Transport)

stages of obtaining reliable data are important, from the

collection of all relevant facts to the compiling of such

data into easily accessible and understood forms.

Because

the whole process starts with the Police Report, this is
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usually considered the most important source of data for
accident investigations.

In the early 1970s, a survey of road accident
information systems in use in developing nations (Jacobs, et
al., 1975) indicated that only 15 percent of the countries
studied had adequate accident report forms and none had
computer analysis facilities. Even though utilizing computer
technology is important in developing and maintaining a good
data base, most of the programs designed for developed
nations are too complicated for developing countries.
Therefore, officials in developing countries are likely to
become very hostile when the use of computerized data bases
is proposed in addressing their highway safety concerns.
Thanks to T.R.R.L., however, this problem has been solved.

To help developing countries improve their accident
investigation and research capabilities, the Overseas Unit of
T.R.R.L. has developed, initially in cooperation with the
Traffic Police of Egypt (Hills & Elliott, 1986), its
Microcomputer Accident Analysis Package (MAAP), which is now

in use in over 12 countries.

2-13-4. Road Conditions

Though it seems that human error is the chief causal
factor in most road accidents, there should be little doubt
that improvement of road conditions and initial correct
design of roads can affect road-user behavior in such a way

that errors are less likely to occur, or when they do occur
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the environment can be made more forgiving. Engineering and
planning can have a positive effect on road safety in two
ways:

1. Accident prevention, resulting from good standards
of design and planning of new road schemes.

2. Accident reduction, resulting from remedial measures

applied to problems identified in the existing road network.

2-13-4-1. Accident Prevention

Very little research has been done in developing nations
into the relationship between highway design and accident
rates. This is mainly due to the lack of understanding of
the problem and its effects, and lack of the resources and
expertise necessary to carry out such an investigation.
Therefore, many of the developing countries try to utilize
standards used in developed countries, or try to modify these
standards to suit their particular needs (at least that is
what they believe they are doing). This kind of approach
will not work in developing countries, because often the
traffic mix and road usage are very different from those
encountered in more industrialized nations. In addition,
there is usually a great need to minimize costs. The trick
is to devise an appropriate solution, while maintaining an
acceptable standard of safety. :

In 1984, Hills, et al., suggested a completely new
approach to the geometric design of highways for developing

nations, especially on low volume roads. Hills’ methods were
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based on studies done by Jacobs in 1975, in Kenya and
Jamaica, linking geometric design to road accidents. Also
used in this new model were results from studies done in
India and Chile, indicating that number of junctions per
kilometer was the most significant factor related to road
traffic accidents, followed by horizontal and vertical
curvatures.

Another very important study was done in Cyprus in 1984,
which showed that accident rates can be reduced by improving
highway design standards. The number of fatal accidents per
annum went from 63 to 54 following such improvement.

In recognition of these findings, T.R.R.L.’S new project
in Papua New Guinea is also aimed at examining the
relationship between highway design and improvement'of

accident rates.

2-13-4-2. Accident Reduction

In the case of accident reduction, some of the
approaches designed in developing countries can work very
well in developing ones. Especially effective are approaches
that concentrate on low-cost improvemenf schemes at hazardous
locations. These schemes must be easy to implement. For
example, in 1986, 13 low-cost engineering measures were
carried out in Summerset County in the U.K. by the D.O.T. At.
a cost of 5,500 pounds sterling, 63 accidents and 422,000
pounds sterling were saved in a three-year period, accounting

for a first year return of 2530%.
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A few developing countries have begun to introduce such
schemes on a trial basis and the Overseas Unit of T.R.R.L. is
currently carrying out joint research to evaluate their
effectiveness in Egypt, Ghana, Indonesia, Malaysia, Pakistan,
and Papua New Guinea (Downing, Baugley & Hills, 1991).
Preliminary findings suggest that countries which have
relatively low levels of road-user discipline are less likely
to have success with low-cost measures, such as road signs
and markings. For example, a study of the effects of
introducing stop lines and lane lines at junctions in
Pakistan (Downing, 1985) indicated no improvement in driver
behavior, apart from a small reduction in overtaking
violations from 19 to 14. On the other hand, preliminary
results form Papua New Guinea indicate that the introduction
of roundabouts at uncontrolled major/minor junctions has
halved the average injury accident rate (Hills, et. al.,

1990) .

2-14. Conclusions

This review of the literature has shown how serious the
road accident problem is in both deveiobing and developed
nations. However, the situation seems to be improving in
most developed countries (see Fig. 2-10). Unfortunately,
this is not the case in developing countries where the number
of fatalities per 10,000 vehicles can reach 100 and in )

certain countries even double that number (Jacobs &

Hutchinson 1973, Jacobs & Forance, 1977; Jacobs 1982). This
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Aston University

Hlustration removed for copyright restrictions

Fig. 2-10. Percentage change in road accident fatalities

(Source: B. L. Hills, (1991), Road Safety in Developing

Countries: An Overview, T.R.R.L.)
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fact looks frightening when compared to the same numbers in
developed counties which may reach 5 fatalities per 10,000
vehicles.

The economic drain on developing countries caused by
road accidents is also a very serious problem. Since most
ofthe people injured or killed in road accidents in
developing countries are in the economically active age group
of 5-44 years. The cost of accidents to developing countries
is often between 1-2% of their GNP, and in many cases reach
4-5% of the GNP. Most of these costs are incurred as foreign
exchange since most spare parts for damaged vehicles, drugs
and medicines for those injured have to be imported.

Road accidents can never be completely eliminated, but
action can be taken to minimize the likelihood of their
occurrence. Which will in effect help those developing

countries save a lot of their much needed resources for the

-

development of their countries.
The conclusion and recommendations ve )are based on
information obtained from Jamaica compiled with statistics

from other researchers, such as T.R.R.L. (see Section 2-13).
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Chapter 3

Description of the Philosophy of the Modeling Approach
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3=1. Introduction

In order for an effective accident investigation to take
place, accurate data is needed. In most developing countries
one would be lucky to find data relating to road accidents
that are in any accurate or understandable form. Therefore,
methods have to be developed for the generation of some of
these data.

As mentioned earlier, one of the aims of this study is
to develop a model whiﬁh will provide a framework or skeleton
on which miscellaneous pieces of information can be hung, to
permit the observation of the various relationships between

these miscellaneous elements.

3-2. Parameters of the Model; Conditions of the Model

The model will have to be set up in such a way that all
of its elements are capable of being projected into the
future. This is necessary in order to study future trends
and enable cost-benefit studies to be done.

The model will have to be as general as possible, in

order that it be applicable to different countries with
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slightly different conditions. Subsequent international
comparisons can be made to see how the model functions under
these differing conditions.

One of the most important decisions to be made by
officials in organizations like the World Bank is how much to
allocate where. This model should be able to provide a tool
for the purpose of comparative investment analysis between
countries.

For example, once a certain country is selected by the
World Bank, the officials responsible for the allocation of
funds to that country will have to determine where to use
those funds. This model will provide tools for the
allocation of funds to alleviate dangerous conditions of the
most hazardous locations on roads in the country selgcted.
Officials in the country concerned will also find this model
useful in determining where they should concentrate their
limited resources, as they frequently must make such
decisions without hard facts.

In many cases data used for the purpose of completing
the model will not be accurate and in many cases it will be
deficient. Therefore, the model will have to provide a tool
to highlight data deficiencies and provide interim means for
estimating missing data and parameters.

As some of the data used in the model remain stable over
a certain period of time (e.g., period of study, section
lengths, etc.), the model will have to be designed in a way

that will make it possible to change certain data and
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parameters within its framework without affecting the
original, more stable data used in the model, as more
accurate data is obtained.

Road traffic accidents should be seen, not only in the
context of loss of life, but also as a vital factor in a
country’s material economy and material welfare. This
crucial point does not seem to be recognized in many nations,
especially in developing countries. Therefore, any model for
dealing with road traffic accidents would be incomplete if it
did not provide for ways of estimating the cost of accidents
in their various types.

The model should also be aimed towards prevention of
accidents by suggesting places for investment in preventive
measures and studies focused on that goal (e.qg., actgal and
potential high accident spots).

It is essential that the work on the model is done from
a central headquarters location or by qualified external
consultants. Thus, very little local knowledge is required
by the police or by the citizens involved in this procedure,
though some general knowledge of the model is essential on
the part of the local authorities involved in the various
stages of road safety. Local understanding of the need for
the model can contribute to calibrations to improve the

relationships between its actual parameters.



3-3. Conclusion

It is important to understand that it is a modeling
approach that is being introduced in this research. The
construction and application of an actual model is suggested
as a subject for further research. Chapter 4 describes a set
of models which perform many of the requirements identified
in this chapter. They are not necessarily the only or
preferred models available, but they do form a complete set.
Chapter 5 considers how the outputs of these models can be
used to improve rational estimates of accident costs and
possible benefits from investment in accident prevention

measures.
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Chapter 4

Methods of Identifying Hazardous Locations
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4-1. Using Computer Programs for the Generation of Otherwise

Unavailable Data for the Road of Study

Computer programs are becoming more and more useful in
studying road safety problems. In developing nations, for
example, data (accurate data) are very hard to come by, if at
all. Therefore, one has to look at alternative ways of
obtaining these data. One way that comes to mind immediately
is to spend many years in the field actually collecting data.
This, of course, would‘be ideal, if one had all the necessary
resources required to carry out such an elaborate
investigation.

The second best alternative is to "guesstimate" the
needed data using computer programming and some basic data
that almost every country that can call itself a country
should have. Such basic information would include population
distribution, types of roads existing in the country,
division of the different regions of the country into zones,
etc.

Using the above-mentioned information, and the help of
some good transportation programs, one can derive much useful

data for analysis. One of the programs that was introduced
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to the author by Dr. T.R.E. Chidley (Internal Supervisor) of
the University of Aston in Birmingham (MVA SYSTIMATICA), can
generate data from a trip generator model to calculate the
actual flows on each intersection and strip of road studied.
This kind of computer programming, then, can save a
researcher an enormous amount of time and other resources.

Of course, these data will not be one hundred percent exact,

but it will be close. These results can give a clear idea of

what is really going on and will facilitate decision-making

regarding where, when and how to carry on the improvement

process.

In the author’s opinion, though, there are some

drawbacks to using this kind of programming in developing

nations. Considering its severity in developing countries,

officials are usually looking for short-term, quick, cheap,

and easily understandable solutions to the road accident

problem. Once one mentions computer programming, such

officials tend to become very wary of the situation. This is
so, first, because they probably have never encountered any

real training on this kind of computer software; second, they

may feel that one is trying to sell them something for a high

price that they may not be able to use. This fear has not

come out of the blue. Many developing countries, like

Jamaica, have spent a lot of money and time on computer

programs that were introduced to them by some western

agencies and have not benefitted from this investment.
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The other drawback is that these programs were not
originally created for use in developing nations. As was
mentioned earlier and will be mentioned again, the problem in
developing countries is considerably different from the one
in developed countries. Many factors have to be considered
when dealing with developing countries that would not have a
major role to play in developed countries. For example, in
relation to religion, as mentioned earlier, many countries
consider a road accident an act of God.- Many other
sociological factors must be considered, as well, when
analyzing developing countries’ problems.

Also, not all developing countries are the same; some
are more developed than others, and they all have different
social values and religions beliefs. Therefore, when using
this type of programming, one is really generalizing to a
great extent. Hence, the results obtained will not be
accurate.

When the above-mentioned program was first introduced to
the author, no one at the university had operated it to its
fullest extent. Therefore, there were many hurdles that the
author had to negotiate before any reéltresults could be
obtained from the program. Many weeks of reading manuals,
and trial and error experience with the expert help of Dr.
Chidley, resulted in the final understanding and operation of
the program. Appendix E shows the results obtained using
this program and, also, the data necessary to start the

program. Data that has to be identified is called "input
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data" and is formatted into "input files." Data obtained as

a result of using this program is called "output data" and is

formatted into "output files."

4-2. Identifying Hazardous Locations (Accident Method)

The whole idea of road safety improvement is to reduce
the number and severity of accidents. An effective safety
program should involve these basic steps:

1 - identifying hazardous locations,

2 - evaluating and making improvements, and

3 - evaluating completed improvements.

This chapter will deal with the first step.

Identifying hazardous locations is necessary in the
process of learning how to analyze accident information. It
is the first step in making up a list of locations where some
kind of improvement would really pay off. What it boils down
to is finding locations that have unusually high accident
rates.

The two most widely used and accepted methods for this
process rely on accident data. These.two methods are by no
means the only ones that can be used tolidentify hazardous
locations, however.

A new method has evolved, where the identification of
problem areas can occur before accidents happen. This

approach is called non-accident analysis (Institute of

Transportation Engineers). The idea is to collect data to

identify potential hazards and use this information as the
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basis for making improvements, instead of waiting until a
sufficient number of accidents have happened. It is a good
idea, but unfortunately, non-accident methods of analysis
have not been perfected. Until that happens, a good study
must rely on methods that include accident data.

Some countries lack the kind of defined data needed for
the computations involved with the more sophisticated
methods. Until such data is available, hazardous locations
may need to be identified by a "seat of the pants" method.
This approach is likely to be acceptable only for a competent
engineer or technician who really knows the territory and has

a lot of experience with hazard identification.

4~2-1. Method #1, the Number of Accidents Method

As mentioned earlier in this chapter, the purpose of
identifying hazardous locations is to find locations where
there are unusually high numbers of accidents. This can be
either very simple or very complicated, depending on the
method of analysis used. Because safety budgets are limited,
a process of elimination is really necessary. One cannot
just attempt to address and improve safety factors at every
location where there are accidents. Some methods use very
detailed data and fairly sophisticated calculations; others
require only basic information and have somewhat limited
applications. The number-of-accidents method falls into the

second category. It does not require nuch data.
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The only data required for this method is:

1- A time period. This is the specific time period for
the study. It could be for a month, but usually it will be
at least three months or longer.

2- Accident locations. One needs to know the exact
locations of all reported accidents in the area of study.

To identify hazardous locations using this method, all
accidents that occur during the study period are recorded on
a map of the study area using pins or dots.

The final step in this method is to list the locations
identified as accident clusters on the map. Locations
showing the most accidents are placed highest on the 1list.
This, then, becomes the list of hazardous locations.

The spot map provides a good visual summary of some
accident information. - It makes it easy to identify accident
clusters. The cost of the materials involved is low and it
takes very little time to keep the map updated.

The number-of-accidents method is effective for street
systems in small towns, sections of streets in large
metropolitan areas, or country roads with low traffic volume.
However, this method has serious limitations when it is used
in areas with more vehicle exposure. To see why, the
fictional example below was created for the purpose of

illustrating these limitations (see Fig. 4-1).

At first glance, one might be tempted to think that the
two accident clusters on the fictional example are equally

hazardous. This would be a good guess, unless one knew more
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Fig. 4-1. Fictional map demonstrating accident location
plotting.
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about the locations. Location 1 is the junction of two
roadsin a residential area. Location 2 is an intersection
next to a suburban shipping center.

Looking again at the illustration, although more factors
might be examined, it would probably be safe to say that
Location 1 is more hazardous. Since Location 2 is near a
busy shipping center, the exposure of the intersection to
traffic is much higher. Thus, one would expect more
accidents to happen there. But at a residential intersection
where there probably are not many vehicles passing through,
such a high rate may be abnormal and leads to the suspicion
that this is a very hazardous location. More investigation
would have to be done to come to a reliable conclusion, but

obviously the pins are not telling the whole story.

4-2-2. Method #2, the Accident Rate Method

The accident rate method should be used in cases where
large variations in traffic volume exist. This method takes
traffic volume into consideration by comparing the actual

accident rate for a location with a systematic average. The

idea here is to use systemwide averages.to find out if the
accident rate at a particular location is really unusual. If
the actual rate turns out to be higher than the systemwide |
average, the location is considered hazardous and is recorded
on the hazardous location map and list.

The data that must be available for this method to work

is shown below:
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Time: Number of days in the study period.

Accident Location: Where the accident happened in

relation to established spots, intersections and
sections of highways.

Section Length: The lengths of all sections in the road

system.

Traffic Volumes: The average daily traffic (ADT) at
each location. At intersections, vehicles are counted
only as they enter the intersection in order to
eliminate the problem of counting vehicles twice.

Average Accident Rate: The average rate of accidents

per million vehicles (MV) or per million vehicle miles

(MVM) for all kinds of roads in the systen.

Number of Accidents: The actual number of acci@ents

that happen at each location.

Once these data have been collected, the analysis can
begin. Since this method is basically a comparison between
the rate of the actual number of accidents with the
systemwide rate, the two figures would have to be calculated.
This can be simply done using Steps 1 through 6, shown below:

1- Record the locations of all aécidents during the
study period. A spot map can be used.

2- Record the number of accidents at all locations,
breaking them into two categories. The number of accidents
for intersections and established spots must be placed under
one heading and the numbers for sections must be grouped

separately.
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3- Calculate an actual accident rate for each location
where there were accidents, using the formula below:

For sections:

Rate/MVM =
(Number of Accidents on Section) (109)

(ADT) (Number of Days) (Section Length)

For Spots and Intersections:

Rate/MV =

(Number of Accidents at Intersection or Spot) (10°)
(ADT) (Number of Days)

4- Calculate the systematic average and rate for
sections using total numbers for the number of average and
ADT. Total for sections should include all sections =-- even
those without accidents.

A systemwide average for established spots and
intersections must be calculated. Here, interest must be
focused on the locations where there were clusters of
accidents. For the purpose of this research, a "cluster" is
defined as a location where there were two or more accidents
within 0.01 miles. The reason for using clusters is simple.
Typically, spots and intersections are grouped together for
calculation purposes. Although we caﬁ 1dentify and read data
on all intersections, we cannot on spots. After all, the
only reason a particular spot is noticed is because it is a .
location that experiences accidents. Therefore, it would be
impossible to read the number of spots where there were no

accidents.
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To solve this problem, spots and intersections are
grouped together and data are collected only on cluster
locations. This means that the average obtained is not a
true systemwide average. It is an average for locations
where there are clusters. One should also note that the
definition of "cluster" is somewhat arbitrary. Whether two
or more accidents within 0.01 miles is used is a decision
that has to be made by the researcher.

The formulae used for the calculation of systemwide
averages are: |

Systemwide Rate for Section:

Accident/MVM =

(£ of Accidents of All Sections) (10%)
L [(Section of ADT) (Number of Days) (Section Length)]

systemwide Rate for Spots and Intersections:

Accident/MV =

(£ Number of Accidents) (10%)
(ADT at All Spots and Intersections) (Number of Days)

Steps 3 and 4 will give two numbers to use as a basis
for comparison. One will be an actual average rate. The
other will be the systemwide average rate.

5- Determine an accident rate cutoff point. Going
through the above four steps could produce a very lengthy
list of locations along with their accident rates, expressed
in either rate/MVM or rate/MV. The purpose of this step is
to make the list shorter by establishing a cutoff point.

This will give the most hazardous locations on the list. One

way of getting a cutoff point is to multiply the systemwide
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rate by two and compare it to the list of actual accident
rates for all locations.

6- The final step in this method is to link the
locations whose average rates exceed the cutoff point. The
locations on this final list would be the hazardous areas

that need more study.

4-2-3. Method #3, the Number-Rate Method

This method shows a third way of developing a list of
hazardous locations. This method can be used for any systen
regardless of size or differences in traffic volumes. The
main difference between this method and the previous two is
that it analyzes more detailed information about each
location.

First, it breaks roads into more categories than just
sections, spots and intersections. Hence, there is a
separate category for urban and rural roads, and for each of
these there are several categories. The chart below shows
typical categories for sections. Spots and intersections are
divided the same way.

For each of these general categories, the Number-Rate

Method has to develop a systematic average that can be

compared to actual rates of the same category. In other
words, the actual accident rate on a particular section of an.
urban 4-lane divided highway is compared to a systemwide

average for all sections of urban 4-lane divided highways.
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Urban Sections Rural Sections

2-lane 2-lane

4 or more lanes - undivided 4 or more lanes - undivided
4 or more lanes - divided 4 or more lanes - divided
Freeway Freeway

Fig. 4-2. Location categories used in Number-Rate Road
Accident analysis Method

The second difference is that a location is not

considered hazardous unless both the number of accidents and

the accident rates are higher than the established systemwide

average for that particular category of highway.

Data needed for this method are listed below. tSome of
the data have already been designated in the previous method
description.)

Time Period

Accident Location

Section Length

Average Daily Traffic (ADT)

Categories of Highways: A listing of all roads in the
system, broken into categories. A typical breakdown is

shown below:
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Urban Sections Urban Spots and Intersections

2=lane 2-lane
4 or more lanes - undivided 4 or more lanes - undivided
4 or more lanes - divided 4 or more lanes - divided
Freeway Freeway

Rural Sections Rural Spots and Intersections
2=-lane 2-lane
4 or more lanes - undivided 4 or more lanes - undivided
4 or more lanes - divided 4 or more lanes - divided
Freeway Freeway

Fig. 4-3. Categories of highways used in Number-Rate Road
Accident Analysis Method

Number of Accidents: typical categories of highways.

Rate/MV: Number of accidents per million vehicles
passing through a spot or intersection. Rate/MV always
refers to a measurement for spots or intersections.
Rate/MVM: Number of accidents per.million vehicle
miles. It is always used in connection with sections of
highways. ‘
The following steps are used to calculate the Number-
Rate Method:
1- For sections, the average number of accidents per

mile and per million vehicle miles for each category of
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highway must be calculated. This step gives systemwide

average rates. This must also include locations where there

were no accidents. The formulae that must be used are:
Average Accidents per Mile =

T Number of Accidents

% Length of Highway Category
Average Accident per MVM =

(£ Number of Accidents) (109)
£ [(Section ADT) (Number of Days) ( Section Length)]

2- For spots and intersections, calculate the average
number of accidents per million vehicles for each category of
highway. This step also gives a systemwide average. It is
an average of those locations where there are clusters. The
formulae are:

Average Accidents/Location =

Z Number of Accidents

£ Number of Locations
Average Accidents/MV =

T (Number of Accidents) (10°)
Z (ADT) (Number of Days)

3- For each highway section, actual accident per mnile
and actual average per MVM must be calculated as follows:
Actual Accidents/Mile =

Number of Accidents on Section

Section Length
Rate/MVM =

(Number of Accidents on Section) (109
(ADT) (Number of Days) (Section Length)
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4= Calculate actual number for spots and intersections.

Also, the number of accidents that happened at each
intersection and spot, for each category of highway where
there were clusters of accidents, must be known.

The number of accidents is then simply equal to the sum
of all accidents that happened at spots or intersections
where there were clusters of accidents. This would be
repeated for each category:

Rate/MV =

(Number of Accidents at Spots or Intersections) (10°)
(ADT) (Number of Days)

The above steps will give the actual numbers and the

systemwide numbers for each spot and section of the study

road or area.

5- Now, a cutoff point for the systemwide averaées has
to be established. This, as mentioned before, would give us
a shorter list to consider. To calculate a cutoff point for
all systemwide averages, simply multiply each systemwide
average rate (for each category) by a predetermined number.
In this study, the number 2 will be used. Therefore, for
sections, the calculations would be:

Average Number of Accidents/Mile X 2 = Cutoff Point

Average Accident per MVM X 2 = Cutoff Point
The same thing is done for systemwide averages for spots and
intersections.
Average Number of Accidents/Location X 2 = Cutoff Point

Average Number of Accidents/MV X 2 = Cutoff Point
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It must be noted that, with this method, average numbers
for each category of highway are obtained--one for the
accident and one for average accidents.

6— A list of hazardous locations can be derived now by
comparing the values of both cutoff points to the numbers of
accidents and the accident rate for each location. If both
the accident rate and the numbers of accidents are higher
than the cutoff points, then the location is placed on the

hazardous location list.

4-2-4. Method #4, the Rate-Quality Control Method

Compared with the three methods mentioned earlier, this
method is the most accurate. It can be used by any system
regardless of size or variation in traffic volumes. Because
of its complexity, thé use of a computer is advised,
especially when evaluating a large area.

The Rate-Quality Control Method also develops systemwide
averages like the Number/Rate Method. But the Rate-Quality
Control Method uses the systemwide figures in a statistical
test that is applied to each location being studied. This
test assures "quality control" by makiné sure that the
accident rate at a particular location is really unusual.

The statistical test is actually a mathematical formula'
that determines a critical rate of accidents for each .

location where there were accidents. And, it is this initial

accident rate that is compared to the actual rate for a
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location. Locétions with actual rates higher than the
initial rate are placed on the hazardous location list.

In summary, the critical rate and actual accident rate
are determined for each location where there are clusters of
accidents and not only for categories of highways.

The data required for this method are exactly the same
as that used in the Number/Rate Method:

Time Period

Accident Location

Section Length

Number of Accidents

Rate/MV
Rate/MVM

Average Daily Traffic (ADT)

Categories of Highways

Also, the same typical categories of highways are used in
this method as in the previous one.
The work steps for the Rate-Quality Control Method are
as follows:
1- For sections, calculate the systemwide average number
of accidents per MVM for each categofy'of highway.
Average Accidents/MVM =

(£ Number of Accidents) (10%)
Z [(Section ADT) (Number of Days) (Section Length) ]

2- For intersections and spots where there are clusters;
the systemwide average number of accidents/MV for each

category of highway is:
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Average Accidents/MV =

(X Number of Accidents) (109)
Z (ADT) (Number of Days)

3= For each location, a determination of the wvehicle
exposure must be made during the study period. This tells
how much a location is exposed to traffic. For sections:
Vehicle Exposure (MVM) =

(Section ADT) (Number of Days) (Section Length)
10°

4- A calculation for the critical accident rate (R.) for
each location where there were clusters of accidents during
the study period is:

Critical Accident Rate =

Systemwide + Constant Systemwide
Average = .
Vehicle Vehicle
Exposure Exposure
(MV or MVM)
Abbreviated:
R=R +K Rb = .5
m m

K = Constant
This number has the same effect as the cutoff point. It
serves to limit the length of the hazardous location list.
5- The computation of actual accident rates for each
location where there were clusters of accidents during the
study period must be carried out. This is accidents per MVM
for sections and accidents per MV for spots and

intersections. The figures obtained in this calculation are

- 120 -



the ones that must be compared with the critical rate of each
location. Sections:
Rate/MVM =

(Number of Accidents on Section) (10°)
(ADT) (Number of Days) (Section Length)

Intersections and Spots:

Rate/MV =

(Number of Accidents at Spots or Intersections) (10°)
(ADT) (Number of Days)

6- This is the final step in this method. It compares

the actual accident rate to the critical rate for each

location being studied. Locations are placed on the
hazardous location list if the actual rate is greater than

the critical rate for that location.
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Chapter 5

Selecting and Making Highway Safety Improvements
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5-1. Introduction

Making highway safety improvements involves several
tasks, and probably the most difficult one is deciding which
improvement or combination of improvements will solve a
particular problem. It is even more difficult because it is
not an exact science. Other decisions have to be made using
judgement, experience and common sense.

This chapter will discuss one method of deciding which
improvement to implement to make safer a hazardous location.
This method is by no means the only one available, and can be
adjusted to respond to the particular needs of an agency of
government.

The method selected by the author is derived by
combining several methods and ideas developed by CalTrans of
California, U.S.A.; the Institute of Tra;nsportation
Engineers, U.S.A.; the College of Engineering, University of
Illinois; the Highway Traffic Safety Center, Washington, D.
C., U.S.A., etc. Of course, these methods could not all have
been used at the same time in this chapter. Therefore, the

author chose to utilize the 171 best features of each one,
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combining them to fit this research and the data available,
using the newest method for the purpose of this research.
This method for selecting improvements relies on
economics. All alternative improvements were analyzed to
determine which would return the most benefit for each dollar
spent. There are two major steps in an economic analysis.
In the first, the reduction in accidents that can be expected
from each improvement is estimated and a value is assigned to
the accident reduction that is termed the "benefit." Also,
the cost of each improvement is estimated. The second major
step is to adjust the calculated benefits and costs to
account for the effect that interest has on investments.
Then, a comparison of the benefits and costs should be made

to determine which improvement is the most cost-effective.

5-2. Calculating Initial Benefits and Costs

Accidents cost money; safety improvements do to. If
there are several possible ways to solve a safety problem,
one should choose the best investment, the one that will
really "pay off" in terms of reduced fatalities, injuries,
property damage, and so on.

Perhaps the best way of demonstrating this concept is by
means of an example. Let us assume that we have analyzed a ‘
location and have found that there are two alternative .
solutions to the safety problems, but we can only choose one,

not both of them. Alternative A will cost $5,000 and

Alternative B, $10,000. Should Alternative A be chosen? Not
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necessarily. If we look more closely, we may find that
Alternative A will reduce accidents by 20% and Alternative B
by 35%. If Alternative A will save $60,000 in accident costs
over the next 10 years, and Alternative B $100,000, the
choice is much easier to make. Alternative B is the best
buy.

A fictional example is provided below for the purpose of
illustrating this technique. The circumstances in this
example have been made as simple as possible to avoid
complications. Also, the assumption has been made that all
the data necessary are readily available. In a real-life
situation, most data will have to be gathered by the
researcher. For example, an attempt to carry out this method
in Jamaica failed because one of the most important datum
needed to make an accurate evaluation of the situation (type
of accident) is not recorded in the Jamaican accident
reports. Therefore, the investigation into why these
accidents took place was stymied at the outset, for it is not
possible to find a solution to a problem without a cause.
Fictional accident data provided for this illustration are:

Location: Aston Street and Park Lane

Traffic control in place: Stop sign on Park Lane

Study period: One year
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Accident pattern: 9 right-angle collisions during

daylight hours, 3 at night:
Fatalities = 0
Injuries = 3
Property damage only (PDO) = 9

Possible Improvements Identified:

Restrict parking near corners, or remove any other
sight obstructions.
Install warning signs
Install flashing beacons
Install traffic signals
Install street lights
Channelize intersection
There are nine basic steps in selecting improvements:
1- Analyze the collision diagrams to see what types of
accidents are happening, and relate the accident problem to
the physical definitions at the site.
2~ List all possible solutions.
3- Estimate accident reduction.
4- Assign value to accident reduction.
5- Estimate secondary benefits.
6- Estimate improvement costs.

7- Calculate equivalent uniform annual benefit and

8- Calculate benefit-to-cost ratio.

9~ Calculate net annual benefit.
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Step 1 was covered in the previous chapter. Step 2 is a
very important step and would greatly depend on the

experience and knowledge of the engineer or researcher.

5-3. Estimate Accident Reduction

Estimating how a certain improvement will affect
accidents is a more difficult task. 1Installing traffic
signals at one location may reduce accidents by 50%, while
signals at another location may actually increase accidents.
Things would be a lot more simple if we could say with
absolute certainly that installing stop signs will always
reduce accidents by 50%, and that installing signals will
always reduce accident by 30%, and so on. Unfortunately,
that is not the way it works. Results are different from
region to region and form city to city. Each country or
agency should develop their own set of data. This can only
be done by making the improvements and comparing before and
after statistics.

For the purpose of this research, two sets of data will
be used. The first was developed by the California
Department of Transportation (CalTrans).and the other was
published by the Missouri State Highway Commission in their
"Manual on Identification, Analysis and Correction of High
Accident Locations" (see Appendix F).

Using these tables, it is possible to assign accident

reduction factors to the improvement possibilities for Aston
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Street and Park Lane. Using Missouri’s table, we find the

following outcomes:

Table 5-1

Traffic Safety Improvements
and Corresponding Accident Reduction Factors

Reduction
Improvement Factor
Restrict parking near corners 32%
Install warning signs 29%
Install traffic signals 80%
Install flashing beacons 50%
Install street lighting 75% (night accidents)
Channelize intersections 19%
(Source: "Manual on Identification, Analysis and Correction

of High Accident Locations," Missouri State Highway
Commission, U.S.A.)

As a result of field observations, it has been
determined that parking is already restricted, the warning
signs in place are adequate, lighting is already in use, and
channelization is not practical, because both streets are

two-lane roads. That leaves us with two alternatives:

Improvement Reduction Factor
Install flashing beacons 50%
Install traffic signals 80%

Still, there are other questions to answer, such as:

Are these traffic controls warranted by the Manual of Uniform
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Traffic Control Devices (MUTCD)? This would be the situation
in the United States at least. Many other counties would
probably not even have a standard, as such.

To apply the reduction factors for each improvement,
multiply the number of accidents in each severity class by
the reduction factor for each improvement, for example:

9 x .80 = 7.20; 3 x .50 = 1.50.

To get a better picture of the number by which accidents
have been reduced, one should analyze two things; the
traffic volume in the future and the service life of each
improvement. As volumes go up, the number of accidents
reduced will go up and, obviously, an improvement will last
only so long. Sooner or later, it will have to be replaced.
For the purpose of this research, a 2% increase in volume
projections every year-will be used. This, of course, will
differ from country to country and area to area. Below are
some estimates of the service life of different highway

improvements developed by CalTrans.
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Improvement Service Life

Signals 15 years
Safety lighting 15 years
Median barriers 15 years
Flashing beacons 10 years
Guard rails 10 years
Pavement grooving 10 years
Signing (major) 10 years
Signing (minor) 5 years
Delineators 5 years
Partial stripes 2 years

Accident savings can now be computed using the following

formula:
Accidents Saved = N x P ADT Future Year
ADT Study Year
Where N = Number of accidents in study period

P = % reduction in decimal
ADT = Average daily traffic
Assume ADT at example intersections is 5,000 and the
increase in volume is 2% every year. Calculations for the
PDO accident reduction for Alternative One are provided in

Table 5-2 below.
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Table 5-2

PDO Accident Reduction Calculations for Alternative One

Service ADT ADT Accident
Year P Future Study Reduction

1 .5 5,100 5,000 4.59

2 +5 5,202 5,000 4.68

3 «5 5,306 5,000 4.78

4 .5 5,412 5,000 4.87

B «B 5,520 5,000 4.97

6 «5 5,630 5,000 5.07

7 ) 5,743 5,000 Banlid

8 .5 5,859 5,000 5.27

9 .5 5,974 5,000 5.38

10 .5 6,094 5,000 5.48
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Table 5-=3

PDO Accident Reduction Calculations for Alternative Two

Service ADT ADT Accidept
Year N X P X Future Study Reduction

1, 9 .8 5,100 8,000 7.34

2 9 .8 5,202 8,000 7.49

3 9 .8 5,306 8,000 7.64

4 9 .8 5,412 8,000 7.79

5 9 .8 5,520 8,000 795

6 9 .8 5,630 8,000 8.11

7 9 «8 5,743 8,000 8.27

8 9 +8 5,859 8,000 8.43

9 9 8 5,974 8,000 8.60
10 9 .8 6,094 8,000 8.78

L 9 .8 6,216 8,000 8.95
12 9 .8 6,340 8,000 9,13
1:3 9 .8 6,467 8,000 9.31
14 9 .8 6,728 8,000 9.50
15 9 .8 6,094 5,000 9.69

The calculations for injury are done in the same way.

Results are shown below.
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Table 5-4

PDO Injury Improvement Calculations
for Alternatives One and Two

Service
Year Improvement One (Beacon) Improvement Two (Signals)
PDO Injury PDO Injury

1 4.59 1.53 7.34 2.45
2 4.68 1.56 7.49 2.49
3 4.78 1.59 7.64 2.+958
4 4.87 1..62 779 2.60
5 4.97 1.66 7958 2+65
6 5.07 1.69 8.11 2.70
7 Bl 1.72 8.27 2.76
8 5.27 1.76 8.43 2.81
9 5.38 1.79 8.60 2.87
10 5.48 1.83 8.78 2,93
11 8.95 2.98
12 9.13 3.04
13  '9.31 3.10
14 9.50 3+17
15 9.69 3.23

The above table denotes the number of accidents one
would expect to avoid by installing flashing beacons or

traffic signals.
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5-4. Assign Values to Accident Reductions

Looking at the results obtained above, it seems that
Alternative Two (traffic signals) would be the best
alternative. But it is also the most expensive of the two
alternatives examined. A judgement, in this case, cannot be
made just by looking at accident reduction. Therefore, we
must assign a dollar value to the accident reductions; then
we can compare the benefits to the costs and determine which
alternative is the "best buy."

The method that will be used in this research, for the
purpose of assigning a value to the accident reduction, is
the same method used by CalTrans in California, U.S.A. This
is not the only method available, but from the author’s point
of view it is the most realistic one, and is known és
"costing by accident severity."

As has been mentioned earlier in the context of this
work, it is very difficult to assign a monetary value to
life, pain and suffering, and so on. But, in order to
compare cost benefits, we must include the costs that we can
calculate, such as medical costs, legal fees, lost wages,
etc. The National Highway Traffic Safety Administration
(NHTSA) publishes a list of estimates, updated periodically,
which can be used in benefit computations. Other U.S.
agencies, like the National Safety Council, also publish cost
estimates different from those of NHTSA. A comparison of

these figures is provided below:
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NHTSA NSC
Average Fatal Accident $287,175 Fatal $125,000
Average Injury .
Nonfatal Disabling )
Accident 3,185 Injury 4,700
Average PDO PDO (including
Accident 520 minor injuries) 670
For the calculation below, we will be using the NHTSA
figures.
Table 5-5
Alternative One Savings (Beacons)
Ser- Acci- Acci-
vice dents x Cost = S dents x Cost = S
Year Saved Est. Saved Saved Est. Saved Total
PDO INJURY
i | 4.59 $520 $2,387 1.53 $3,185 $4,873 $7,260
2 4.68 520 2,434 1.56 3,185 4,969 7,403
3 4.78 520 2,486 1.59 3,185 5,064 7,550
4 4.87 520 2,530 1.62 3,185 5,160 7,692
5 4.97 520 2,584 1.66 . ‘3,185 5,287 7,871
6 5.07 520 2,636 1.69 3,185 5,383 8,109
7 5.17 520 2,688 1.72 3,105 5,478 8,166"
8 5.27 520 2,746 1.76 3,185 5,606 8,352
9 5.38 520 2,798 1.79 3,185 5,701 8,499
10 5.48 520 2,850 1.83 3,185 5,829 8,679
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The calculations for Alternative Two operate in the same
fashion.
Table 5-6

Comparison of Alternative One and Alternative Two
Accident Savings in U.S. Dollars

Alternative One (Beacons) Alternative Two
(Signals)
Service .
Year PDO Injury Total PDO Injury Total
1 $2,387 $4,783 $7,260 $3,817 $ 7,803 $11,600
2 2,434 4,969 7,403 3,895 7,931 11,826
3 2,486 4,969 7,550 3,973 8,122 12,095
4 2,532 5,160 7,692 4,051 8,281 12,332
5 2,584 5,287 7,871 4,134 8,440 12,817
6 2,636 5,383 8,019 4,217 8,600 12,817
7 2,688 5,478 8,166 4,300 8,791 13,091
8 2,746 5,606 84352 4,384 8,950 13,334
9 2,978 5,701 ~ 8,499 4,472 9,141 13,613
10 2,850 5,829 8,679 ' 4,566 9,332 13,898
11 4,654 9,491 14,145
12 4,748 9,682 14,330
13 4,841 9,874 14,715
14 4,940 10,096 15,036
15 5,039 10,288 15,327
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5-5. Estimating Secondary Benefits

Obviously, the major thing to expect from a highway
safety improvement is a reduction in accidents and related
costs. But sometimes, improvements affect other things. For
example, installing street lights may reduce both accidents
and street crimes. Providing signal progressions, on the
other hand, not only helps reduce rear-end collisions, but
saves gasoline and reduces delays and pollution.

However, not all secondary benefits are positive. For
example, choosing to place a median opening in front of a
department store can reduce accidents, but cut retail sales.
Restricting left turns can cause a traffic problem, but it
will usually increase gasoline usage, pollution and travel
time.

Some secondary benefits are easy to put a value on, but
others, like reducing pollution, are nearly impossible to

evaluate.

5-6. Estimated Improvement Costs

The benefit of each alternative has been estimated; now
we must estimate the costs. In order to estimate the total
cost of improvement, the following figures will be needed:

1- initial cost, including materials, equipment and ;

installation;

2- annual cost of operation and maintenance;
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3- service life of the improvement; and

4- terminal value (salvage value).

The total cost of an improvement is:
Initial cost + Annual Cost During Service Life - Terminal
Value. Below are some estimates made by the author for this
research. (These values vary from country to country;
therefore, one should obtain exact figures and estimates from

manufacturers in each particular area of the world.)

Table 5-7

Cost Comparisons for Alternative One and Alternative Two

Alternative One Alternative Two
Cost Factors (Beacons) (Signals)
Initial Cost | $2,500 $20,000
Annual Cost 500 1,250
Terminal Value 200 500
Service Life 10 years 15 years

Total Cost for Alternativé One =
$2,500 + [10($500)] = $200 = $7,300
Total Cost for Alternative Two =
$20,000 + [15(1,250)] - $500 = $38,250
Is it possible to make a good decision now? Unfortunately,

NOI
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If it were not for interest rates, terminal values,
annual costs, and so on, one could use the "raw" benefits and
cost values to evaluate alternatives and select the best
investment. One could average all costs and benefits to
arrive at annual figures for each. But, because of the
effects of interest, it is necessary to convert future
dollars into base-year dollars. By considering interest, one
can convert any future year’s benefits and costs into uniform

annual benefits and costs equivalent to present-year dollars.

5-7. Definition of New Terms

Capital Recovery Factor: 1is used to convert an

investment (or benefits) to an annual payment (or return) at
a given interest rate. For example, it would be the
principal plus interes£ payment for each year on a loss or an
investment.

The Present Worth Factor: is the multiplier that is

used to convert costs (or benefits) for some future year to
present value, considering interest earning power.

An interest rate will have to be. selected for the
calculations. For the purpose of this research, a 10%
interest rate is chosen. Different situations and currencies
may require the use of different interest rates. Multiplier .
figures for different interest rates are available in most

-

economics textbooks.
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Now that the figures above are provided, one can
calculate the Equivalent Uniform Annual Benefits (EUAB). To
do so, one must follow the steps below:

1- Multiply each year’s total benefits by the Present
Worth Factor for that year to adjust the benefits to present-
day dollars.

2- Add up all of the adjusted benefits.

3- Multiply the total by the Capital Recovery Factor for

last year of the Improvements Service Life. Or,

EUAB = CRF (B) (PW)

Where, CRF Capital Recovery Factor

B

Each Year’s Benefits

PW = Present Worth Factor for Each Year
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Table 5-8

Multipliers for a 10% Compound Interest Rate on Capital
Revenue and Present Worth Factors for a 10-Year Period

10% Compound Interest Factor

Capital Revenues Factor

Present Worth Factor

W 0 N o U e W N

R T i e o
O VW M N o U s W o

1.10000
0.57619
0.40211
0.31547
0.26380
0.22961
0.20651
0.18744
0.17364
0.16275
0.15396
0.14676
0.14078
0.13575
0.13147
0.12782
0.12466
0.12193
0.11955
0.11746

0.9091
0.8264
0.7513
0.6830
0.6209
0.5645
0.5132
0.4665
0.4241
0.3855
0.3505
0.3186
0.2897
0.2633
0.2394
0.2176
0.1978
0.1799
0.1635
0.1486

- 141 -



For Alternative One (beacons), the "raw" benefits are:

Service Year Annual Benefits
1 $7,260
2 7,403
3 7,550
4 7,692
5 7,871
6 8,019
7 8,166
8 8,352
9 8,499

10 8,679

Using the formula:

Service Life Annual Benefits (B) x PW = AdJjusted Benefits
1 $7,266 .9091 $ 6,600
2 7,403 .8264 6,118
3 7,550 .7513 5,672
4 7,692 .6830 5,254
5 7., 871 .6209 4,887
6 8,019 .5695 4,527
7 8,166 5132 4,191
8 8,352 .4665 3,896
9 8,499 .4241 3,604

10 8,679 .3855 - 3,346

(B) (PW) = $48,095
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To get EUB, multiply (B) (PW) by the Capital Recovery
Factor for a 10-year service life:

EUB = (CRF($48,095)

(.16275) ($48,095)
= $7,827
Therefore, with installation of beacons at the
intersection of Aston Street and Park Lane, we get $7,287 per
year of savings in percent-day dollars.
The figures for installing signals are:

Service Life Annual Benefits (B) x PW = Adjusted Benefits

1 $11,620 .9091 $10,564
2 11,826 .8264 9,773
3 12,095 .7513 9,097
4 12,332 .6830 8,423
5 12,574 .6209 7,807
6 12,817 .5645 7,235
7 13,091 .5132 6,718
8 13,334 .4665 6,220
9 13,613 .4241 5,773
10 13,898 .3855 5,358
11 14,145 3505 4,958
12 14,430 .3186 4,597
13 14,715 .2897 4,263
14 15,036 +2633 3,959
15 15,329 .2394 3,669 )

(B) (PW) = $98,414
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Again, to EUAB, multiply (B) (PW) by the Capital Recovery

Factor for a 10-year service life:

EUB = (CRF) ($98,414)

(.13147) ($98,414)

]

$12,938
Therefore, Annual Benefits are:
Alternative One (Beacons) = $7,827
Alternative Two (Signals) = $12,938
Now, one must calculate the annual costs (EUAC). The
formula below is used for this calculation:
EUAC = CRF [I = ca(PN) - T(PW)]
where,
CRF = Capital Recovery Factor for Last Year
of the Improvement Service Life
I = Initial Investment
Ca = Annual Costs
PW = Present Worth Factor
T = Terminal Value

The raw cost data are again shown below:

Alternative One - Alternative Two
Cost Factors (Beacons) (Signals)
Initial Cost $2,500 $20,000
Annual Cost 500 1,280 -
Terminal Value 200 500
Service Life 10 years 15 years

- 144 -



and,

Service Life Annual Costs x PW = Adjusted Annual Cost
1 $500 .9091 $ 455
2 500 .8264 413
3 500 7513 376
4 500 .6830 342
5 500 .6209 310
6 500 .5645 282
7 500 2132 257
8 500 .4665 233
9 500 .4241 212
10 500 3850 193

Ca(PW) = $3,072

Ca (PW)

3,073
+2,500

5,573

200 (.3855) 77
4,496
X .16275

Alternative One EUAC = $. 894 Annual Cost
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For Alterative Two,

Service Life Annual Costs x PW = Adjusted Annual Cost
1 $1,250 .9091 $1,136
2 1,250 .8264 1,033
3 1,250 .7513 939
4 1,250 .6830 854
5 1,250 .6209 776
6 1,250 .5645 706
7 1,250 5132 642
8 1,250 .4665 583
9 1,250 .4241 530

10 1,250 .3855 482
11 1,250 .3505 438
12 1,250 * 31386 398
13 1,250 .2897 362
14 1,250 .2633 329
15 1,250 .2394 299

ca(PW) = $9,507
EUAC for Alternative Two =
(9,407 + 20,000 - (500 X .2394)] .13147
= (29,507 - 119.7) .13147
= $3,864

Other costs may be involved, e.g., relamping street lighting .
every two years, cost of energy, etc. One has to account for
these costs as well. )

Comparisons between EUAB and EUAC must be done now. For

each alternative, one must obtain two figures:
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1- the Benefit/Cost Ratio, and

2- the Net Annual Benefits.

EUAB EUAC
Alternative One $ 7,827 $ 894
Alternative Two 12,938 3,864

To get the Benefit/Cost Ratio:
Alternative One B/C = 7,827 + 894 = 8.76
Alternative Two B/C = 12,938 + 3,864 = 3.35
Looking at the above two figures, one would think that
Alternative One returns a lot more per year than Alternative
Two. But that is not yet a reliable assumption, because we

have not compared the Net Annual Benefit for each.

EUAB - EUAC = Net Annual Benefits
Alternative One = $ 7,827 - $ 894 = $6,933
Alternative Two = 12,938 - 3,864 = 9,079

Basically, any improvement over 1.0 with a B/C ratio is worth
the investment.

If we were just to look at the B/C ratio, we would
probably choose Alternative One over Alternative Two. but
looking at the NAB for each alternative, Alternative Two
returns about $2,000 more every year;

In order to make a sound judgment on which one of the
alternatives to choose, one would have to have more
information, such as:

1- What kind of budget is available?

2- Is this the only location needing improvement or do

we have 20 more?
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3- Does the Manual on Uniform Traffic Control Devices

allow either of the alternatives (this is usually done at the

beginning, when choosing alternatives)?

4- Are there any political issues involved?

It is always best to choose the alternative with the
highest Annual Benefit, but good engineering judgment is

irreplaceable in alternative selection.
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Chapter 6

Selection and Description of Study Road
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6-1. Summary

This chapter explains briefly why and how the study road
was chosen. It identifies organizations involved in the
selection, and provides a general description and brief

history of the road.

6=2. Introduction

For a clear understanding of the rural accident problem
in Jamaica, a typical rural Jamaican road was needed on which
to carry out a detailed investigation of accidents and high
accident locations. The selection of such a road had to be
approved by various authorities (see below).

Unfortunately, confusion and a lack of understanding of
the problem of road accidents among tép'officials caused a
delay in the selection of the study road and, therefore, the

completion of the research.

6=-3. The Process of the Selection of the Road of Study

Because one of the primary objectives of this research

was to develop a model upon which future research regarding
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the problem of road accidents in developing countries could
be based, a typical Jamaican road had to be chosen for this
study. The road had to have an impact on the overall economy
of the country, and had to incorporate varying densities of
population along its route.

For the World Bank (the originator of this research),
the choice was fairly obvious. The road that would fit all
of these criteria was identified as the Montego Bay to Lucea
Road (Map 6-1). The officials of the Jamaica Ministry of
Construction did not, however, share this view. The
assumption that the Jamaican officials would agree with World
Bank recommendations, as the latter is the source of funds
for any road improvement in Jamaica, proved to be very
inaccurate. The Jamaican officials were not convinced that
this road was representative of the roads in Jamaica. After
about two visits to the suggested roadways and many
discussions with Mr. Kirkpatrick, the permanent secretary of
the Ministry of Construction, he agreed that a study
conducted on the Montego Bay to Lucea Road would be most

beneficial to the Ministry and, hence, to the country.

6-4. Description and Location of the Study Road

Oon investigation, it was apparent that very little
information about the Montego Bay to Lucea Road existed
anywhere in Jamaica. There are no written records of the
history of the road. Most of the information presented here,

therefore, is based on personal observation of the road and
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lengthy discussions with officials of longstanding with the
Police Department and the Ministry of Construction.

This road is 28 miles long and linked two major cities
in Jamaica, Montego Bay and Lucea (see Fig. 6-1), located in
the northwestern part of the country. 1In between the two
major cities and falling on the same road, there are many
small villages. The northern area, which it traverses, is
probably the most beautiful section of Jamaica, and attracts
about 60% of the tourists visiting the country. It is the
location of the second largest airport in Jamaica, after the
Kingston International Airport. Montego Bay is also one of
the largest ports in Jamaica.

The Montego Bay to Lucea Road goes through all kinds of
natural terrain, from mountains to valleys and beachfronts.
It is a winding road, consisting of a single carriageway of
approximately 15 feet in width (width varies from location to
location on the road).

The road was designed by British students as a project
for a British university, and was built (about nine years
ago) as a joint venture of a British company and an American
company. Since then, little maintenance has taken place
(most of it improperly done) (Ministry of Construction, 1985).
The road has several bridges. The main bridge had collapsed .
a week before the candidate’s visit to Jamaica (see
Photograph 6-1). The condition of the pavement is very poor‘

at the present time and signage is poorly positioned and very
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Aston University

llustration removed for copyright restrictions

Map 6-1. Showing Road of Study between Montego Bay and Lucea,
Jamaica.
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unclear--road markings are virtually nonexistent (see

photographs 6-2 through 6-5).
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Photograph 6-1. Condition of the Road of Study, 1985.

Photograph 6-2. Condition of the Road of Study, 1985.
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Photograph 6-3. Condition of the Road of Study, 1985.

Photograph 6-4. Condition of the Road of Study, 1985.
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Photograph 6-5. Condition of the Road of Study, 1985.
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Chapter 7

Accident Data Collection and Analysis of the Road of Study
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7-1. Introduction

As mentioned in Chapter 1, the process of collecting
data was not an easy one. Because of the nature of the
study, and because the subject of the study was so far away
from the candidate’s residence, much information had to be
gathered during trips the candidate was able to make to
Jamaica. Even though much of the information gathered was
not directly useful for the purposes of this project, it was
considered an acceptabie risk that the data collected in
Jamaica might be found insufficient for the completion of the
study.

The initial and most difficult task was location of the
existing data. Upon collection, it was then necessary to
carefully evaluate the data and separate out the useful
material. None of the organizations involved in this project
(Aston University in Birmingham, the World Bank, and the
Jamaican government) were able to provide the author with any‘
assistance at this stage of the research. :

A great many unanticipated problems arose in the process
of on-site research in Jamaica. Flights to Montego Bay,

Jamaica (where the research was carried out), from the
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candidate’s city of origin were difficult to find. As there
was considerable uncertainty surrounding the granting of a
visa to the candidate by Jamaican authorities, no advance
airline booking was possible. Availability of hotel
reservations in Jamaica was another problem. In Jamaica,
there is no off-season for tourists and good hotels are very
scarce, especially in the Kingston area. Prices in an
acceptable hotel may range from $90 to $150 U.S. for a single
room, depending on the location.

Transportation to and from various government offices
and to and from the study road was a problem. There were, as
well, many difficulties in finding the way to many locations
in Jamaican cities, because of inadequate urban street
mapping. Natives were, of necessity, hired as guides.

All of the above and some of the commentary in Chapter
1, indicate the difficult circumstances under which this
study was conducted, and should serve to alert future
researchers to the problems inherent in carrying out research

in developing countries.

7-2. Sources of Accident Data

Reliable data is required in order to gain an accurate
picture of the situation. There are different sources of
accident data for different types of studies, but there are
four main sources upon which this research relies:

1- Road Traffic Police (highway police)

2- Insurance companies
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In Jamaica, many people drive uninsured, even though
insurance is compulsory, so information here is
underestimated (Ministry of Construction, 1984). Also, one
would have to collect information from all the insurance
companies serving accident victims in Jamaica, which would be
prohibitively time consuming.

3- Emergency hospitals

Again, each hospital keeps its own records, so to obtain
any accurate data on accident casualties and injuries would
be extremely difficult and beyond the limitations of this
study.

4- Garages

There are so many private and company garages that it is
not feasible to collect information from this source. (There
is no centralized accident information resource in Jamaica.)

In some countries, the records are held by the Ministry
Statistical Bureau. For example, in Great Britain, all the
official road traffic accident statistics are compiled from
information collected by the road police and forwarded to the
Department of Works (STATS 19 form). Only accidents
involving injuries are collected, asftﬁe law requires drivers
to report only these accidents. Thus, in great Britain,
large scale data collection is carried out automatically, .
using this system.

In Great Britain, to obtain any property damage accident
information,, one must look into insurance company files. 1In

Jamaica, the most reliable sources of information are records
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of the urban traffic police, or the highway police, depending
on the type of data required.

In order to obtain any accident data from the police in
Jamaica, it is necessary to have the request processed
through many channels. Much detail and explanation are
required to support the request at each level of approval
before data are released. Most of the data then available is
in crude and unorganized form. There is no centralized
collection agency or any similar agency to which to turn for

the purpose of obtaining reliable and organized traffic data.

7-3. Accident Data Collection

Using the diagram labeled Figure 7-1, it can be seen
that road accidents are complex phenomena, and to identify
the causes of any one éccident many experts from different
academic fields, much time, and extensive facilities are
needed. The highway police and the highway authorities are
likely to have differing attitudes toward road accidents, as
the police are oriented toward isolating the human elements.
Yet, the human element is only one factpr, and passing a
deterrent sentence on one driver does nat take into account
all the facets of the problem. It seems necessary to take
the driver as he is, not as society would like him to be.
The driver is a single element of many which must be
considered when evaluating road accident problems. He is
full of physical, emotional and moral limitations and

imperfections, and it is necessary to weed out those drivers
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whose ability to drive in a proper and safe manner is not up
to standard.

The highway authorities, in contrast, usually try to
isolate the road element of the road accident problem. There
is no such thing as an absolutely safe highway, any more than
there is an absolutely safe vehicle, or entirely safe human
behavior. Reduction of accident losses must be sought,
therefore, in modifications to the environment, to the
vehicle, and to human behavior.

However, in most developed countries, information
collected by the road police takes the form below (see
figures 7-2A, B & C for more detailed information):

1- Time and date of accident

2- Environmental situation, such as lightness, darkness,
road surface condition; etc.

3- Types of collision:

a- Vehicle/vehicle

b- Vehicle/pedestrian

c- Multi-vehicle

d- Vehicle/stationary object.

4- Casualties of road traffic accidents:
a- Number
b- Sex
c~ Severity of injury
d- Age
5- Road conditions:

a- Road marking and signage
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b- Geometric design of the road--junction, main road,
dual carriageway; condition of pavement and roadside
facilities.

In Jamaica, the booklet shown in Appendix A is the
standard booklet used by the highway police for accident
reporting. Information from such booklets was collected and
is presented in the form of the tables in Appendix B; the
acquisition of this information was a major product of the
candidate’s trip to Jamaica.

As one compares the methodology employed in accident
data collection by the Jamaican police with data collection
in most developed countries, it is possible to identify many
areas in need of improvement. For example, the type of
accident is not recorded in any of the data collected by
Jamaican police, nor are road conditions at the time of the
accident noted. These two pieces of information are crucial
to any successful accident investigation, as well as to
research aimed at attacking the problem of road accidents.

Therefore, it seems that the biggest problem that an
accident investigator faces in Jamaica is the lack of
reliable information and data. Limited resources prevented
the candidate from collecting accident data over time at the
site of the Road of Study, the most acceptable and reliable
way to provide an accurate data base for any study.

A special methodology, therefore, had to be utilized in
this research to identify accident concentrations and types

in the clearest way possible. The "histogram" model selected
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helps to identify where so-called "black spots" (high
accident frequency locations) occur on the Road of Study.
Utilizing squares with different shading techniques (Figs. 7-
3 through 7-11) assist in delineating different types of
accidents common to different sections of the study road.
This method was utilized as the best for illustrating the
percentages on the histogram. Percentages of each type of
accident occurring on identified sections of the Road of
Study were graphed on the histogram. This method was found
to be the best for data analysis.

Accident data shown is limited to three years (1982,
1983 and 1984), because these were the only data available in
Jamaican records. The methodology selected assisted, as
well, in a comparison of accident‘types, location, frequency
and outcomes among these three years. Only fatal and serious
accidents are shown on the colored histograms, because the

study is limited to these two outcomes.

7-4. Data Analvysis

The data obtained was sorted and organized in a format
most useful for data analysis. It was then analyzed by year,
the years 1982, 1983 and 1984 being the only years available
for analysis. Fortunately, these three years did provide a

clear picture of the accidents which occurred on the road of

study and where they took place.

In 1982, it can be seen that most of these accidents

were concentrated in sections 1 and 2 (Reading and Barnet,
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and Bogue roads, respectively). The main reason for the high
accident occurrence in these two sections was the high
population density in these areas. Also, the highest volume
of vehicle traffic occurs in these sections. They are also
spots where drivers start to speed up; they are just leaving
urban areas and entering rural areas. Therefore, combining
the above three factors, one would most certainly expect a
higher number of accidents.

The high density of traffic in the Montego Bay area has
caused the roads to deteriorate faster than in any other
location on the Road of Study. Also, the high concentration
of tourists, who in the main have never driven in Jamaica,
tends to contribute to the higher volume of road accidents in
this particular area. The same fgctors contribute to a
higher number of road accident occurrences in sections 1 and
2 for the years 1983 and 1984.

One of the most interesting sections of the road was
Section 5. No accidents occurred on this section in the
years 1982 and 1983. At first, this data was very puzzling,
but after investigation and discussion with personnel in the
Ministry of Construction and the Police Department
(particularly with the Chief Surveyor at the Ministry of
Construction), it was found that this section of the road had
been extensively improved in 1981, by a private party who was
planning construction of a marina in that area.

An examination of the 1984 data on Section 5 reveals

that a few accidents actually took place in this section
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during this year. This finding may be attributable to
deterioration of the road surface within the previous three
years. Officials interviewed pointed out that the Road of
Study had not been properly maintained during this period,
because of the shortage of funds.

Section 8 of the Road of Study was found to be
interesting as well, because although it is right outside a
fair-sized city, not many accidents seem to have occurred in
this area. Of these accidents, in 1982, a high percentage
were fatal. There does not appear to be an obvious reason
for this, other than the high concentration of pedestrians in
Section 8. The number of accidents decreased quickly to zero
within the next two years. The most apparent reasons for
this rapid elimination of acciden; occurrences must be the
tight enforcement of the speed limit and safe driving
practices along this section by the Jamaican police.

The Lucea Police Station is situated in this section of
the road. Therefore, intensive law enforcement is easily
accomplished here. Photograph 7-1 shows a police car
patrolling the Road of Study in this location (Section 8).
This is the only place on the Road of Study where such

continuous monitoring by the police can be found.
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A & R v — _
Pﬂ&tograph 7-1. Police car patrolling Section 8 of the Road
of Study, near the Lucea Police Station.
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Chapter 8

The Cost of Accidents in Jamaica
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8-1. Introduction

Many methods have been developed by different
researchers in the past 20 years in an effort to arrive at a
scientifically acceptable method, which is generally
applicable, to calculate the cost of accidents.
Unfortunately, the various researchers have not been in
agreement with each other.

All it may seem one would have to do is to calculate the
damage to property and the cost of repair, the extent of the
injuries to the people involved and the cost of medical
therapy, adding some costs to account for the policemen’s
time and the processing of the documentation and records.
But that is not sufficient. There are many other costs
involved in a road accident which a full investigation must
take into account. Such costs include value of time lost by
the accident victims, cost of the emotional trauma, loss of
income by the victim’s family, time lost by others at the
scene of the accident (e.g., time lost in waiting for the

accident scene to be cleared), etc.
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These above-mentioned points are only a few elements of
the whole picture. They are also very difficult to evaluate
monetarily.

The economic evaluation of highway projects requires
that costs are compared to benefits in monetary terms. While
some elements of benefit may be subjective, there is pressure
to place monetary values on as many benefits as possible. To
that end, many countries, such as the UK and the USA,
estimate the ecoﬂoﬁic costs of accidents. Governments seem
to place a monetary value on everything, even people’s lives.
If a person is adding value to the society, then he or she
would have a higher price tag than a person who is a
detriment to society. Therefore, if the valuable person dies
or is seriously injured in a road accident, the society as a
whole will suffer.

Another point that must be carefully considered is that
most people associate value with the type of profession a
person follows. For example, it might be assumed that all
doctors are valuable to society. This is not always true,
because there may be a number of doctors who are actually
hurting people more than they are curing them. The same
thing can be said of any other profession.

Also, it is very difficult to evaluate pain and
suffering in monetary terms. The question is how much money
a person’s son or mother or brother is worth to them, after
they are dead or permanently disabled? People have been

intrigued by this question for many centuries. The first
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study done on this subject was in 1729 by Jonathan Swift in

his essay, A Modest Proposal. In this essay, Swift brought

reason to bear on the question. The value of human life, he
demonstrated, was simply a function of supply and demand.
Further, the optimal time to end it was that at which the
selling price, minus the cost of production, was a maximum.
Unfortunately, he was ahead of his time and his essay did not
get too much attention. Many more researchers have tried to
tackle this question in this century (Fromm, G. 1965;;
Dawson, R.F.F. 1967; Mishan, E. 1971; Fourance & Jacobs
1976). They have all foundered on the difficulty that, in
arder to be logically consistent, they require that a man be
prepared to place a cash value on his own life, and this,
common sense tells us, is absurd.‘ So what does a person do?
Just pick a figure out of the sky and apply it? This seems
to be as logical as any other way.

Doing this type of study for a developing country
multiplies the problem manyfold. As mentioned earlier, many
other factors come into play in developing countries that, to
a certain extent, do not exist in developed ones. For
example, religious behaviors play a major role in road
accidents in some developing nations. In Iran, religious law
governs the penalties and procedures followed in case of an
accident (Ayati, 1988). While talking to people on the
streets of Baja California in Mexico, the author found that

to the majority of citizens a road accident is an act of God:
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nothing can be done about it, and it should be accepted as a
natural cause of death.

In Jamaica, the biggest problem that the author faced,
doing this research, was the lack of some of the most basic
information needed for the completion of the investigation.
This has been found true in many developing nations, by many
other researchers (Jacobs, World Bank, Jabbari, Ayati, etc.).
Therefore, the author had to rely on information given to hinm
by officials who were in Jamaica and others that were
contacted in the United States through the Jamaican Embassy.
Some of these conversations will be quoted below and some
will be mentioned. Not all of these figures will be used to

document the content of this chapter.



8-2. Cost of Damage to Vehicles

Table 8-1

Cost of Damage to Vehicles in Jamaica

(All costs are in U.S. Dollars at 1985 prices.)

Slight Severe

Type of Vehicle Damage Damage Destroyed
Passenger Car )

(Average value $1,200) 10 500 1,200
Busses/Mini-busses

(Average value $3,000) 10 800 3,000
Motorcycles

(Average value $100) 10 50 100
Commercial Vehicles

(Average value $60,000) 10 2,000 15,000%*

* Value of destroyed vehicle (commercial) is only half
the average value because most commercial vehicles are large
and do not usually get completely destroyed when in an

accident.

(Source: Keith Bendles, Police Department, Montego Bay,

Jamaica, 10/2/85)
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Table 8-2

Percentage of Different Types of Vehicles Involved
in Accidents in Jamaica

(Figures are for 1980)

Number of Percentage of
Type of Vehicle Vehicles Accidents (1980)
Commercial Vehicles 1,993 23
Motorcycles . 409 5
Busses and Mini-busses 701 9
Passenger Vehicles 5,511 63
Total 8,694

(Source: Police Traffic Dept. 1985)

Table 8-3

Cost of Compensation for Injury and Death (in Jamaica)

Type of Injury Dollar Amount*

Slight Injury 300
Serious Injury 2,000
Death 45,000

*All costs are in U.S. Dollars

(Source: Police Traffic Dept. 1985)
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Table 8-4

Number of Accidents in Jamaica in 1980

Type of Accident by Outcome Number of Accidents
Fatal Accident 264
Serious Injury Accidents 782
Slight Injury Accidents 750%
Damage to Vehicle Accidents 3,042
Total Accidents in 1980 4,838

*The number of slight injury accidents seems very low
because of the problem of under-reporting of these accidents
in most developing countries and developed countries (Sweden,
Africa, Mexico, Iraq).

(Source: Table 2-10)

8~-3. The Number of Each Type of Vehicle Involved in Each

Category of Road Accident

It is necessary to estimate the number of each type of
vehicle involved in each category of road accident. Assume
that each type of vehicle has the same chance of getting
involved in the various accident categories.

There are three accident categories:

Total Destruction of Vehicle 33.3% of accidents
Severe Damage to Vehicle 33.3% of accidents
*Slight Damage to Vehicle 33.3% of accidents
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8-4. The Cost of Physical Injuries, Including Working

Hours, but Excluding Permanent Disability

No data is available in Jamaica on the cost of
repairing injuries caused by accidents or otherwise. There
are no records of how many hospital beds exist in Jamaica,
due to the large number of small, mobile community hospital
units spread out over the country. These are especially
common in remote areas in the middle of Jamaica, where easy
access is unavailable.

However, one can make some educated guesses in order to
come to some sort of acceptable conclusion. Estimates will
be based on the author’s visits to Jamaica and the many
conversations with high ranking officials and government
employees, as well as visits to thé Jamaican Consulate in
Los Angeles, the World Bank in Washington D.C., USA,
T.R.R.L. in Crowthorne, Berkshire, UK, and the Jamaican
Embassy in Washington, D.C., USA. The majority of the
available literature on this subject, on Jamaica and other
developing nations, was reviewed by the author and has
proven very useful in making decisions on some assumptions,

based upon verified reasoning.
8-4-1. Estimating

Utilizing the figures derived from Table 8-4 above, the
unit medical costs and working hours lost in road accident

injuries in Jamaica are estimated in Table 8-7 below.
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Table 8-~7

Unit Medical Cost and Working Hours Lost
in Road Accident Injuries in Jamaica, 1980

(Author’s Estimation)

Average
Type of Cost in
Injury U.s. $ Average Working Hours Lost
Slight Injury " 300 25 days x 8 = 200 hours (assuming
25 days lost and 8 hours per day
working period)
Serious Injury 2,000 18 months x 180 = 3,240 hours

assuming 18 months lost and 180
hours per month working periocd)

Due to social habits and the economic situation ih
Jamaica, which make it difficult for people to afford car
purchase, the author found that there is an average of three
to four people riding in each car. Buses and mini-busses
are usually overloaded (an average of 25 riders per mini-
bus). Commercial vehicles are usually used for transporting
goods from one point to another. Therefore, there are
usually one to two people in a commercial vehicle. But, due
to the size of commercial vehicles and the speeds at which
they travel, accidents involving commercial vehicles usually
are more serious than accidents involving other types of
vehicles.

The following ridership averages have been estimated
for the purpose of this study (based on the observations of

the author):
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3 people/car
15 people/mini-bus
1 person/motorcycle

4 people/commercial vehicle

Table 8-8

Percentage of Vehicles Involved in Each Accident Type

Vehicle Type

Accident Passenger Buses & Bicycles &

Type Vehicles Minibuses Motorcycles Commercial
Slight
Damage 33% 33% 33% 33%
Severe
Damage 33% 33% 33% 33%
Destroyed 33% 33% 33% 33%

The numbers calculated above necessarily represent a
gross underestimation of the real figures. The Swedish
Traffic Safety Group (1983) notes that in developing
nations, only about 40% of slight injury cases are reported,
and that about 30% of serious injuries become fatal within a

two-year period.
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Table 8-9

Number of People in Each Category of Accident#*

Type of Slight Injury Serious Injury
Vehicle (No. of Persons (No. of Persons)

Passenger Vehicles 1,836 x 3 = 5,508 1,836 x3 = 5,508
Busses/Mini-busses 260 x 15 = 3,900 260 x 15 = 3,900
Motorcycles/ S

Bicycles 136 x 1 = 136 136 x 1 = 136
Commercial 665 x 4 = _2,660 665 x 4 = _2,660
Total 12,204 12,204

* Number of vehicles involved in each category of
accident x average number of people in each vehicle.

Therefore, the cost of injury-can be calculated by the
number of people times the cost of medical care and
rehabilitation for each injury:

12,204 people x $300 = $3,661,200 (slight injury)
12,204 people x $2,000/injury = $24,408,000 (serious injury)

Total injury costs: $28,069,200

8-5. The Price of Working Hours Lost

Jamaica has maintained a very low standard of living
for most of its population. The government of Jamaica has
been forced by international treaties with the U.S. and
Canada to limit increases in minimum wages. This policy has
helped Jamaica in the export of labor to other countries,

but has also slowed the rise in the standard of living. The
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minimum wage of an unskilled worker in Jamaica amounts to
about $10.00 per week in U.S. dollars (EIU Country Profile,

1988-1989) .

Table 8-10

Employment and Unemployment Figures by Sector
(October, 1985)

Percent
Unemployed
Employed in Each
Occupation (000) Occupation
Agriculture/Forestry/Fishing 278.9 3.1
Mining/Quarry/Refining 6.0 15.5
Manufacturing - 100.6 25.8
Construction 34.8 28.5
Transport/Public Utility 347 15.8
Commerce 115.3 13.4
Public Administration 81.1 19.0
Other Services 127 .2 28.5
Total Including Other 781.0 25.6

(Source: 1988-1989 EIU Country Profile)

In general terms, Jamaica has two classes--the very
rich and the very poor. The majority of Jamaicans are from
the very poor category (as indicated by the weekly wages of

an average Jamaican). A very low level of training exists
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in Jamaica (see Table 8-12); therefore, it can be assumed
that the majority of laborers are unskilled. These laborers

work primarily the agriculture and mining industries.

Table 8-11

Trends of Gross National Product* and Domestic Product

Total (J $ MN) ** 1983 1984 1985 1986

GNP at Current

Prices 6,744.8 8,453.1 9,684.9 13,863.1
GDP at Constant

1974 Prices 1,942.2 1,925.0 1,835.2 1,870.1
Real Increase (%)

Per Capita 2.3 -.9 -4.7 1.9

GNP at Current .

Prices 3,011.2 3,707.5 4,210.8 5,003.4
GDP at Constant

1974 Prices 867.0 844.3 797.9 795.7
Real Increase (5) 0.8 -2.6 -5.5 -3

*Gross national product (GNP) is the dollar value at
current market prices of all final goods and services
produced annually by the nation’s economy.

**x 1 U.S. $§ = 5.485 Jamaican $, 1987 exchange; 1 U.S. $
= 3.15 Jamaican $, 1983 exchange

(Source: EIU Country Profile, 1988-1989)

Looking at the GNP at current prices, we can see how
low the standard of living is in Jamaica. In terms of U.S.
dollars, the GDP is $912 U.S. per capita, which is well
below the average for developing nations of $1,400 per

capita per year (Jacob & Sager, 1983).
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Therefore, to do the costing procedure, it is necessary
to find out what proportion of employees are unskilled and
what percentage are skilled. For the purpose of this
investigation, it is assumed that the majority of workers in

agriculture and mining are unskilled.

Table 8-12

Population in Private and Selected Non-private Households
By Type of Educational Institution Being Attended, by Sex

(1982)
Type of Educational
Institution Both Sexes Male Female

Total 2,178,843 1,066,292 1,112,551
Nursery/Infants 84,160 40,744 43,146
Primary 37 L4326 | 187,756 183,570
Secondary 158,063 74,215 83,848
University 5,913 2,530 3,303
Other 29,206 11,435 17,731
None 1,278,418 625,223 653,195
Not Stated 251,757 124,389 127,368

(Source: Population Census Report, 1982)

Of course, this is not completely true, since the
unskilled workers have to be guided by skilled technicians.
But this is not done for all of the other industries; the
figures given in the Employment and Unemployment by Sector

tables provided by EIU for 1988-1989 will be used:
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Agriculture 278,900/2,000,000 = 14.00%
Mining 6,000/2,000,000 = .30%
Manufacturing 100,000/2,000,000 = 5.03%
Construction 34,800/2,000,000 = 1.74%
Transportation/

Public Utilities 34,700/2,000,000 = 1.74%
Commerce 115,300/2,000,000 = 5.77%
Public Administration 81,100/2,000,000 = 4.10%
Other Services 127,200/2,000,000 = _6.40%

40.00%

The above exercise shows that in 1980 only 40% of the
total population worked in the various categories. The
remainder of the population is assumed to be comprised of
children, old people and unemployed people.

From the above, it can be deduced that 14% of the
working population engaged in agriculture, forestry and
fishing is unskilled, and 0.3% of the population working in
mining, quarrying and refining is also unskilled.

Therefore, the total of unskilled workers in the labor force
(14.3%) would be receiving a weekly income of less than
$10.00 in U.S. dollars.

The rest of the working population would be assumed to
be skilled, and earning about $25.00 per week in U.S.
dollars. The rest of the population, who fall into the
country’s upper class, must not be forgotten. But the
number of these people is too small for this investigation
to take into consideration (5% of the total population of

the country fall into this category).
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Table 8-13

Average Monthly Income of a Jamaican Citizen

Percent in Country

Class (Average of Employed Monthly Income
Designation and Unemployed) in U.S. Dollars
Lower Class 60% $ 40
Upper Lower Class 35% 100
High Class L 5% Unknown

In an analysis of hospital patients, Adeloye and Adeku
(1970) found that the majority of hospital patients who had
been injured in traffic accidents were children under the
age of nine years. Asogwa (1987b) cites youngsters and
young men as being particularly exposed to road accidents in
Nigeria. Over 50% of road accident victims in developing
nations are under the age of 30, and over 80% are men
(Swedish Traffic Safety Group, 1983).

The number of fatalities must be multiplied by seven in
order to get a true picture (14% of personal injury
accidents became fatal) in developing countries (Jacob &
Sager, 1976). Thus, we can see that the majority of people
involved in accidents in developing countries are the
productive part of society. 50% are under the age of 30 and
80% are male.

A typical family in Jamaica would consist of four to

five people. A father, a mother, and two children (ten to
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twelve and five to eight years old). Marriage in Jamaican
society is not an important ceremony; therefore, one finds
many families formed by unmarried parents. Also, many
Jamaicans marry very young.

If it is assumed that the mother works (which is
quite likely) and one of the children also works (which is
also quite likely), then the average income of the family
would be 2.3 times the national average for family income--
100% for the father, 100% for the mother. (There is no
discrimination of any kinds against women in Jamaica.)
Actually, according to the author’s observation, Jamaican
women make up the majority of the work force in some
industries and children can make up to 30% of others.

An average of $70 per month will be used here (éee
Table 8-13 on Average Monthly Income derived from EIU
figures of 1988-1989). Thus, $70 x 2.3 = $161 per month.

If all family members had the same percentage of
accident exposure, the straightforward equation,

Family Average Monthly Income
Number of Working People in Family x 180 Hours/Month

would give us average value of one working hour for that
family.

Obviously, this is not very accurate, because the
percentage of exposure of different age groups and with
different sexes varies greatly. As mentioned earlier,
Adeloye and Adeker (1970) found that most hospital patients
who had been injured in traffic accidents were children

under nine years of age. Although the above study was
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carried out in Africa, similar statistics are found in
Jamaica. This is basically because children do not have
after-school facilities to keep them occupied, and therefore

take to the streets for recreation.

Table 8-14

Percentage Distribution of Population by Marital Status
(1982 Census)

Marital Status Average Male Female

Total = 100

Newly Married 73.6 74.7 72.5
Married 15.0 15.0 15.0
Widowed 22 1.1 | 3.4
Divorced 0.4 0.4 0.4
Legally Separated .3 0.3 0.3
Not Stated 8.5 8.5 8.5

(Source: Population Census Report, 1982)

Therefore, if the father is 50% exposed to accidents
(STSG, 1983), the mother would be about 20% exposed and the
children would be about 30% exposed:

1 (father) + 20% (50%) mother + 30% (50%) child =

1+ .1+ .15 = 1.25
The average value of the working hour is:

$161/month = $0.75 (in U.S. dollars) per hour
1.25 X 180

The results are summarized in Table 8-15 below.
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Table 8-15

The Cost of Medical Expenses and Working Hours
Lost in Road Accidents in Jamaica

Severity
of Injuries Medical Cost Cost of Working Hours Lost
Slight 12,204% x $300%% = 12,204 x 200%** x ,75 =
I$3,661,2OD - $1,830,600
Serious 12,204 x $2,000%% = 12,204 X 3,240%%% x ,75 =
$24,408,000 $29,655,720

* See Table 8-9.
*%¥ See Table 8-3.
*%% See Table 8-7.

8-6. The Cost of Pain, Suffering, Psvychological and

Emotional Damages

It is very hard to put a monetary value on pain,
suffering, psychological and emotional damages. Basically,
this is because each person is affected differently in cases
of injury and death. Therefore, it would be necessary to
evaluate each particular case separately and give it a
monetary value. This is obviously not possible, so some
generalization is required.

The best way of estimating this sort of cost is to base
it on the court award. This can also be very difficult,
because court awards differ so much from case to case. It
all really depends on the-ability of the attorney. 1In the

U.S., for example, this has been a very controversial
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subject, because there has been so much money involved in
court cases.

This problem, however, can be corrected, if handled by
means of disability and life insurance. This may be a very
insensitive way of dealing with it, but it is the best way
the author has found. In Jamaica, insurance companies do
exist and they are trying to sell insurance policies.
However, due to the existing low standard of living in
Jamaica, there are very few people who can afford to buy
such insurance (the average wage for an unskilled worker is
$10 per week) (EIU, 1988-1989). Hence, this problem is
likely to continue to exist in most developing countries,
including Jamaica.

There have been no studies conducted in Jamaica in
regard to compensation for pain, suffering, psychological
and emotional injury, adding to the difficulty of setting a
value on this category of damages. The author, however,
would suggest for Jamaica, 1- $1,000 per slight injury and
shock, 2- $5,000 per serious injury and disability and 3-
$20,000 per fatality as sufficient compensation for
emotional trauma due to road accidents (all monetary

valuations are given in U.S. dollars at 1985 prices).

8-7. The Cost of Time Wasted in Road Accidents in Jamaica

The value of time is one of the most difficult concepts

on which to put a price. This would not only be expected in
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Table 8-16
World Bank Estimates of Time/Price
in Developed and Developing Countries

% of the Average Hourly Wage

Developed Developing
Work to Work 50 - 100 50
Home to Work ' 25 - 50 25
Leisure 0 - 25 0

developing nations, but it would be even harder to price
time in developed nations.

It is evident that, in developing nations, time séems
less valuable than in developed nations.

To really evaluate time for a particular country or
nation, it is important to look at many factors, e.qg.,
sociological, historic, ethnic, religions, etc.). For
example, in some Moslem countries (such as Iran, Turkey and
Saudi Arabia), people have to stop all work for a certain
time period, five times a day, for the purpose of prayer.
Obviously, in some people’s thinking, this would be an
absolute waste of time, but in the view of others, it is a
necessity. In some developed countries (France, Spain and
Italy), people take two- to three-hour breaks for lunch.
This would also be considered an absolute waste of time in

other countries. Therefore, it is really very difficult to
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summarize when talking about the value of time in this
context.

The World Bank is one of the few organizations that
have attempted to measure the percentages of the average
hourly wage spent on different activities within the working
day.

In the author’s estimate, the above table is very
inaccurate, and cannot be gaéed on factual data gathered
from developing nations (the World Bank staff must be
working too hard!!).

For the purpose of this research, the author has
devised the following table, similar to the above in form,

but which differs in content.

Table 8-17

Time/Price in Developed and Developing Nations

% of the Average Hourly Wage

Developed Developing
Work to Work 40 - 60 30
Home to Work 10 - 25 0 = 25
Leisure 25 - 50 25 - 50

The above table is a much more realistic and accurate
table with which to work (based on the personal experience
of the author, as the author has lived and worked in both

developed and developing nations).
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There are no data available in Jamaica on the value of
time wasted in accidents; therefore, some educated estimates
will have to be made. Using Roach (1985) as a guide, the
number of hours wasted in an accident is four.

Using the above revised World Bank’s Time/Price table,
and the extreme high-end figures for Jamaica, it will be
assumed that 30% of road travel is from work to work, 25%
from home to work ,and 50% in leisure activities. The rate
of real, valuable time, therefore, is:

(30% x 30% + (25% x 25%) + 50% x 50%) =
.09 + .0625 + .25 = .4025
Therefore, the cost of time wasted in road accidents
in Jamaica in 1980 is:
4,838 (total number of accidents in 1980) x
5 (average number of people involved in accidents) x
4 (average number of hours wasted in accidents) x
.4025 (estimated ratio, above calculation) x

$.75 (price of one working hour -- see Section 3-5) =

$29,209.43.

8-8. The Victim’s Lost Future Output

Although there are no existing data to make these
calculations easy, the victim’s lost future output can be
calculated using prior research and some estimates. A study
done in some developing countries (Africa) by the Swedish
Traffic Safety Group (1983) deduced that over 50% of

accident victims are under 30 years old and 80% are men.
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A 30-year-old person would probably have an average of
20 years of work remaining in his or her life. If we assune
that the other 50% of accident victims are divided equally
between people under and over the age of 30, then a good
estimate of the number of years left in the average work
life of a Jamaican accident victim would be 20 years.

The EIU Sector table (see page 181 above) shows that,
in 1985 only 40% of the Jamaican population worked. For the
purpose of this calculation, however, the figure of 40%
cannot be used, because people who are working are more
exposed to traffic accidents than others. Therefore, an
estimate of 60% will be used here.

Taking the figures for accidents in 1980, 264 fatal and
792 serious injury accidents would-give us a total of 1,046
people as victims of accidents in Jamaica (serious injuries
usually result in disabilities, because of the lack of
medical attention) (Swedish Traffic Group 1983, Jacob &
Sager, 1976). In order for a true picture to be drawn, the
average weekly wage of an average Jamaican will have to be
pro-rated to 20 years in the future.

With a 3.8% average increase in GNP in the five years
demonstrated, the same average rise may be assumed for every
five-year period. Thus, but the end of 20 years, the total
rate of increase in GNP would be 15.2%. The total
population of Jamaica, in 1982, was 2,190,000. 1In 1970, the
population was 1,848,400 (Population Census Report, 1985).
Therefore, the percentage change is 18.5%, and if we assume

that the trend will continue for the next 20 years, the
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Table 8-18

Trend of Gross National Product and Gross Domestic Product

1983 1984 1985 1986 1987

Total (J & mn)

GNP at
Current
Prices 6,744.8 8,453.1 9,684.9 11,758.0 13,863.1

GDP at
Constant
1974 Prices 1,942.2 1,925.0 1,835.2 1,870.1 1.967.5

Real
Increase
(%) 28 -0.90 -4.7 1.9 3.2

(Source: EIU Country Profile, 1988-1989)

14
13
12
11

10

83 84 85 86 87

Fig. 8-1. Total earnings of Jamaicans at current prices,
from 1983 to 1987 (derived from Table 3-16 above).

change will be approximately 36%, making the total

population 2,978,944.
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If the total number of accidents doubles in 20 years,
the total number of casualties can be predicted at 2,092,
and resulting losses in GNP can be calculated as follows:
2,092 - 2,978,944 = .00070%
13,863.1 + 15.2% = 15,970.29 mn J $

15,970.29 x .0007 = 11.179 mn J $ of losses in GNP.

8-9. Other Costs Involved in Road Accidents

Due to the complexity of the road accident phenomenon,
many other costs must be considered before a complete
picture can be drawn.

In order to estimate all the other costs involved, much
additional data will have to be obtained. Unfortunately,
none of the data needed is availabie in Jamaica. Therefore,
a list of the remaining costs is simply provided below.

Cost of Administrative Expenses

1- Cost of Police Administration

2- Cost of Insurance

3- Cost of Legal Systems

Cost of accidents in Jamaica compared to GNP for 1985
is about 4.6%, which is extremely high compared to most
developed countries and even most developing countries

(e.g., Iran = 2%, Ayati, 1988).
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Table 8-19,

Summary Table for Cost of Accidents in Jamaica in 1980
(All prices in U.S.$

Cost of
Destroyed or Cost of
Damaged Vehicles Cost of Working
and Other Injury Hours Lost Cost of Pain
Objects Medical in Accidents and Suffering
$18,562.284 $24,408,000 $29,655,720 $9,940,000

Total = U.S5.%$82,566,004

8-10. The Problem with Iocal and Hard Currency in the

Calculation of Accident Costs

One of the most important factors affecting the
determination of accident costs in developing nations is the
problem with exchange rates. This is especially true in
developing countries with weak economies. Such countries
have currencies which are not worth much outside their own
border. Therefore, when buying from abroad, these countries
have to make payment in hard currency (e.g., U.S. Dollar,
British pound, German mark, etc.).

At the same time, countries with weak economies usually
import most of their goods and services. Thus, they do not
usually have much to export, but the export of goods and
services is their main source of hard currency. Hence,
"black markets" for exchanging local currency for hard
currency is a normal way of doing business for these
countries.

In many countries, though this activity is illegal,

governing bodies are aware that such transactions are

= 21L =



occurring and frequently look the other way. They know that
their people are often unable to obtain hard currency by
other means.

On the other hand, in some countries (e.g., Iran), this
kind of money changing is not illegal and the government
itself does it quite frequently. In fact, the Islamic
Republic News Agency regularly publishes the unofficial
foreign exchange rates in its Economic Bulletin. Table 8-18
uses these figures indicates that Iran’s currency has been
steadily losing value during the period under study (March,
1984 to February, 1989). Although the official foreign
exchange market (reckoned on the basis of Saudi Rial (SDR)
rates) (Ayati, 1988) registered a decline of 9.6% in the
value of the dollar (from Rls. 81.211 on February 20, 1986
to Rls. 73,427 on February 21, 1987), the unofficial
exchange market, during the same period, revealed an
increase in the value of the dollar of about 34.3% (from
Rls. 655 to Rls. 880). (See table 8-18.)

From the example of Iran, above, one can easily realize
how much more expensive it is to do business in a black
market atmosphere. What is really happening is that the
businessmen who are buying necessary goods from abroad are
paying ten times as much for the goods as they would if hard
currency were available to them. This enormous cost will
obviously be passed on to the consumer, who, in turn, will
be unable to afford the goods.

In Jamaica, for example, this problem is very apparent.

Because of the Jamaican public’s low standard of living, and
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the foreign exchange problem, spare parts for car service
are luxury items and few are able to afford them.

Therefore, Jamaicans often drive their cars until they begin
to fall apart. This is also true in the case of government
vehicles. Photograph 5-18 shows the poor condition of a
police vehicle. While conducting research for this study,
the author rode in many official vehicles from the Ministry
of Works and the Police Department which were in a very
unsafe condition.

In Mexico, the same problem exists, but to a lesser
extent. Mexico has the advantage that almost all vehicles
driven there are also manufactured in the country, under
license from the auto manufacturing giants, e.g., Ford,
General Motors, Chrysler, Toyota, etc.

Mexican currency is in pesos, for which two (and
sometimes more) rates of exchange against the U.S. dollar
have been in force since August of 1982. Table 8-19, below,
shows the enormous deviation in the exchange rate for the
Mexican peso over the last several years. Since December of
1982, the two main rates have been the controlled (official)
rate and the free rate (for a time, in 1985, there was also
a "super free" rate). The controlled rate applies to income
from exports of goods and services, funds used by inbound
industries for local expenditures other than fiscal assets,
and loans received after December 20, 1982. The free rate
applies to all other transactions, such as those associated

with tourism and profit remittance.
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When first introduced, the controlled rate was
increased each day by 0.13 pesos against the U.S. dollar.
The free rate followed suit in September of 1983, under
instructions from the Central Bank. The rate of
depreciation was then twice accelerated before the system
was changed in August, 1985. Instead of the daily
programmed devaluation, a controlled float was put into
place.

The gap between the two exchange rates was kept at
manageable levels until late 1987, when the government
decided to stop supporting the free rate, which was under
pressure because of capital flight. When it fell steeply,
the authorities were left with little alternative but, on
December 14th, to devalue the controlled market peso from
1,822 to 2,209.7 against the U.S. dollar. It stayed at that
level until January 5th, when a further token adjustment, to
2,210.2, was made. At the beginning of February, it was
announced that the cost of the U.S. dollar would be
increasing by three pesos on each working day in February,
but at the end of the month, the exchange rate was frozen in
support of the government’s anti-inflation drive. It
remained frozen in July, the controlled rate being close to
2,257 pesos to the dollar, and the free rate rose to 2,290
pesos to the dollar (EIU Country Profile, 1988-1989).

Studying the huge fluctuations in the Mexican peso
against the dollar, discussed above, one would conclude that
the Mexican people, between 1981 and 1987, have actually

lost buying power against the U.S. dollar by a multiplier of
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57. This problem has made it even more difficult for
countries like Mexico to spend money on improving their
transport system. The only way they can afford improvement
is to borrow money from organizations like the World Bank,
which puts them deeper and deeper in debt, as they have been

unable to repay these loans.
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Table 8-20

Comparison of the Exchange Rates for the U.S. Dollar in Lire
(L) and Deutch Marks (DM) in International Markets and
Iran’s Unofficial Market, March, 1986 through February, 1987

London Closing Iran’s Unof-

Rates ficial Market Iran/Int’l
Month
DM L DM L DM L

1986:

March 225 0.68 2.30 070 +0.05 +0.01

April 231 0.67 2.29 0.69 -0.018 +0.016
May 2.18 0.65 2.23 0.67 +0.035 +0.024
June 2425 0.66 2.28 Q.73 +0.033 +0.072
July 2.+18 0.65 2:a 2L 0.69 +0.028 +0.034
August 2.08 0.67 ' 2:12 0.68 +0.04 +0.01

September 2.04 0.67 2.08 0.69 +0.038 +0.024
October 2.003 0.69 2.02 0.88 +0.023 =-0.016
November 2.033 0.70 2.03 0.70 +0.0047 -0.006
December 2,001 0,699 2.004 0.708 +0.004 +0.008
1987:

January 1.903 0.673 1.93 0.710 +0.028 +0.037
February 1.818 0.655 1.84 0.69 +0.022 +0.035

(Source: Ayati, 1988)

= 216 =



Chapter 9

Observations, Recommendations and Conclusions
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9-1. Observations

9-1-1. On-site Daté Collection

During the course of the research, the writer found many
flaws in the methods of data collection utilized by the
Jamaican authorities. Some of the most crucial of these
flaws are a lack of information regarding type of collision,
condition of the road, victim demography (especially whether
a member of the native or tourist population), and traffic

flow.

9-1-1-1. Type of Collision

Identification of the type of collision, whether front
to back or side to side, etc., is one of the most important
datum in attempting to determine the causes of road accidents
and how to avoid them. It was found that this type of
information does not exist in the data collected by the
Jamaican authorities at the present time. Without this

information, it is difficult to draw conclusions which lead
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toward finding solutions for the Jamaican road accident

problem.

9-1-1-2. Condition of the Road

Road condition, in most cases, includes:

1- road marking and signing;

2- geometric design of the road (junction, main road,
dual or single carriageway;

3- condition of pavement; and

4- roadside facilities.

When investigating road conditions using the data
collected by the Jamaican authorities, it is easy to become
confused. Early in this investigation, it became apparent
that most of the above data on road conditions is collected
by police officers. Unfortunately, however, important
information is not transferred to the data in the Traffic
Accident Returns tables (Appendix B), the most accessible and
easiest to understand source of information available
anywhere in Jamaica for this type of investigation.
Therefore, these important data may be unavailable to
researchers in the field of road safety.

The Accident Report Booklet shown in Appendix A includes
the first accidenf report taken by the police officers at the
scene of the accident. These booklets are available, but not
easy to utilize. They are, in most cases, stacked on top of
each other in big boxes or on shelves. Therefore, it would

be extremely time consuming for a researcher to access data
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not already converted into the Traffic Accident Returns
tables.

It seems that the section of the Accident Report Booklet
labeled "additional particulars" contains some of the most
important data collected, but because it is not specific
enough to be tabulated, these data are usually left out when

tabular conversions are constructed.

9-1-1-3, Victim Deﬁography

The Jamaican economy is greatly dependent upon tourism.
Therefore, victims of accidents are likely to be not only
natives, but foreigners as well. In addition, accidents
which take place on a road or in a traffic system which
services the tourist industry may produce different
demographics and affect the Jamaican economy differently than

accidents in other locations.

9-1-1-4. Traffic Flow

A junction that has 200 cars flowing through it each day
and 10 accidents is more dangerous than a junction that has a
flow of 1000 cars and 20 accidents. The only traffic flow
studies the Jamaicans have conducted are on the main urban
junctiqns, which are not helpful in the present study. Thus,
as numbers providing the rates of accidents are not presently
available, it has been necessary, for the purposes of this

research, to rely only on statistics regarding the number of
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accidents recorded for each section of the study road.
Therefore, the term "black spot," as used in this study,

indicates only the number of accidents recorded for that

section, not the rate of accidents.

9-1-2. Road Maintenance and Proper Signage

9-1-2-1. Road Maintenance

Road conditions are crucial to the safety of users,
whether drivers, passengers or pedestrians. Roads
deteriorate with time and use. Therefore, they need to be
constantly and properly maintained. Unfortunately, this
element of road safety is neglected in developing nations.
The main reasons for this neglect seem to be, first, the lack
of understanding of the dangers inherent in road
deterioration and the importance of road safety to the nation
as a whole, and second, the shortage of funds.

Vehicles are made to operate and perform on specific
kinds of roads under specific conditions. Once these
conditions are altered, the performance of vehicles differs
and can decline. Most of the roads in Jamaica have been
designed by poorly qualified people (most of them were not
Jamaicans). For example, the road of study was designed by
students of a university in England, built by an American
company about 15 years ago (Ministry of Construction, 1984),

and has not been properly maintained since.

- 22% =



Fortunately, the weather conditions in Jamaica are not
severe, otherwise the damage to the road surface would have
been much more extensive. Although the candidate did not
have the necessary tools to measure the design
characteristics of the road of study, through observation and
with help from an expert in the field of road design (Dr.
Jabbari), it became apparent that the design of this road
left much to be desired.

Phctographs'9;1 through 9-4 were taken at different
locations along the road of study. They clearly show how bad
the surface is on this particular road. This characteristic
can be seen in every road in Jamaica.

During the course of data collection for this study, as
noted in Chapter 7, it was determined that, in Section 5 of
the study road (Hopewell Road), there appeared to be very few
accidents in 1982 and 1983. After interviewing some
officials at the Ministry of Construction and paying a visit
to the road, it became clear that there had been many
improvements made on that section of the road in 1980. This
was accomplished by a private party intending to build a
marina and other tourist attractions along Hopewell Road.
Photographs 9-5 and 9-6 show the improvements made that year
in the road surface along this section. This finding
demonstrates that road maintenance plays a crucial role in

reducing road accidents in Jamaica.
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Photograph 9-1. The poor road surface on the Road of Study in
Jamaica.

2. The poor road surface on the Road of Study in
Jamaica.

Photograph 9-
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Photograph 9-3. The poor road surface on the Road of Study in
Jamaica.

— "

Photograph 9-4. The poor road surface on the Road of Study in

Jamaica.
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Photograph 9-5. Improvement of the road surface performed by
a private party, Section 5 of the Road of
Study in Jamaica.

Photograph 9-6. Improvement of the road surface performed by
a private party, Section 5 of the Road of
Study in Jamaica.
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Photograph 9-7. Native population of Jamaica obliged to share
the Road of Study with high speed traffic for
lack of proper sidewalks.

Photograph 9-8. Native population of Jamaica obliged to share
the Road of Study with high speed traffic for
lack of proper sidewalks.
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9-1-2-2. Preparation of Safe Sidewalks for Pedestrians

Roads in Jamaica go through many little towns and
villages. These roads are usually shared with vehicular
traffic by many of the natives when they commute from one
point in a village to another or from one village to another.
Unfortunately, this sharing of the roadway has proven to be
very dangerous. Jamaican natives, who live in these small
villages, do not seem to realize the damage that moving
vehicles can cause, perhaps because most of them have never
owned a vehicle.

Data gathered from Jamaican statistics on road accidents
show that most accidents occurring close to towns and
villages along the road of study have been fatal or caused
serious injuries. Most of those seriously injured wefe
pedestrians. It is likely that most of these villages
evolved after and as a result of the construction of the
road. Otherwise, it would be difficult to understand why
sidewalks were not considered in the design and construction
of the roadway. Photographs 9-7 through 9-12 show how the
natives are obliged to share the roadway with vehicles
traveling at high rates of speed, simply because there are no

sidewalks for them to use.
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Photograph 9-7. Native population of Jamaica obliged to sh.
the Road of Study with high speed traffic fc
lack of proper sidewalks.
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Photograph 9-8. Native population of Jamaica obliged to share
the Road of Study with high speed traffic for
lack of proper sidewalks.
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Photograph 9-9. Native population of Jamaica obliged to share
the Road of Study with high speed traffic for
lack of proper sidewalks.

Photograph 9-10. Native population of Jamaica obliged to
share the Road of Study with high speed
traffic for lack of proper sidewalks.
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Photograph 9-11. Native population of Jamaica obliged to
share the Road of Study with high speed
traffic for lack of proper sidewalks.

Photograph 9-12. Native population of Jamaica obliged to
share the Road of Study with high speed
traffic for lack of proper sidewalks.
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9-1-2-3. Clear and Proper Signage

Proper road signage can cost a great deal. Jamaica’s
topography does not make signage any easier or cheaper.
Jamaican roads go through many different kinds of terrain.
This fact alone makes it essential to have proper and clear
signage.

The road of study displays many problems with signing.
Some of these are:

1

lack of signs (Photograph 9-13),

2- improper positioning of signs (Photographs 9-14 & 9-
15),

3- clarity of signs (Photograph 9-16),

4- signs as road hazards (Photograph 9-17),

5- maintenance of signs (Photograph 9-18).

To remedy all of the above signing problems, the
Jamaican government would have to spend a great deal of time,

effort and capital resources, which either do not exist or

are not readily available in Jamaica.

9-1-3. Control of Vehicle Spare Parts Prices by the
Government

One of the biggest problems that has contributed in the
past, and is still contributing to the problem of road
accidents, is vehicle maintenance. Most of the vehicles seen
in Jamaica are poorly maintained. One of the reasons for

this is that vehicle spare parts are extremely expensive.

Jamaica
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Lack of signage on the Road of Study in
Jamaica.

Photograph 9-14. Improper positioning of signs on the Road of
Study in Jamaica.
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Photograph 9-15. Improper positioning of signs on the Road of
Study in Jamaica.

Photograph 9-16. Example of unclear signage on Jamaican
roads.
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Photograph 9-17. Road signs in Jamaica can be hazardous to
road users.

Photograph 9-18. Lack of maintenance of road signage in
Jamaica can render them useless.
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presents a very small market for vehicle spare parts, so a
very few companies control the sale of spare parts for the
whole island. This monopoly has operated to keep prices
high.

The standard-of living in Jamaica is very low; most
people are lucky to eat every day. Therefore, most people
who own vehicles cannot afford to pay high prices for spare
parts. That is the reason that vehicles in Jamaica stay
unmaintained, in many cases for the greater part of the life
of the vehicle.

Photograph 9-19 shows a police car. One can easily see
how poorly this vehicle has been maintained. It takes little
imagination to envision the condition in which poor people’s

vehicles are kept, having seen the condition of a police car.

£ 4
P T e e

Photograph 9-19. The condition of a Police car in Jamaica.
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9-1-4. Control of Drugs and Alcohol

The problems of alcohol and drugs are important factors
in the road safety equation in Jamaica. Indications are that
drug use contributes to a great majority of the accidents on
the island.

Marijuana (Ganja in Jamaica) is the drug of preference
and very casually used in Jamaica. As a matter of fact, it
is for some people. (Rastafary) an integral part of their
lifestyle and religious observances. Nevertheless, the issue
of marijuana, other drug and/or alcohol use, however
dangerous to road safety, is not addressed in the data
gathered locally as to the cause of accidents. This is
because the Jamaican police have no means of measurinq the
level of alcohol and/or drugs in the systems of accident
victims or in citizens causing accidents. This failure to
provide crucial information regarding the cause of accidents
represents a major obstacle to research and may result in

misinterpretation of the available data.

9-2. Recommendations

9-2-1. Type of Collision

The candidate recommends that the Jamaican authorities
include information on the type of collision (front to back,
side to side, etc.) in their data collection. Collecting

this type of information does not require one to be an expert
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in road safety or highway design. Any policeman should be
able to easily determine whether an accident was a front to

back, side to side, or other type of collision.

9-2-2, Condition of the Road

It is strongly recommended that information labeled
"additional particulars" in the police accident report
booklet (Appendix A) be included in the tables of accident
data. This step will greatly facilitate evaluation and

investigation of the problem of road accidents.

9-2-3, Victim Demography

Because of the nature of the_Jamaican economy and its
great dependence upon tourism, the data should have a section
noting whether the victims of accidents are natives or
foreigners (The Economist Intelligence Unit [EIU], volumes on
Jamaica, Mexico and Iran, 1988-1989). The nationality of the
subjects involved also should be mentioned, in order to

relate accidents to different road and traffic systems.

9-2~-4, Traffic Flow

Traffic flows should be done for each section of the
Road of Study for a better understanding and definition of

high accident locations.
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9~2-5. Road Maintenance

A major element of road safety is constantly and
properly maintained roads, designed by qualified engineers.
This study has demonstrated that even minimal road upgrading
and maintenance can have a significant effect on the number
and severity of road accidents. Every effort should be made

to improve road design and maintenance

9-2-6. Safe Sidewalks

Pedestrian fatality and injury will continue to be a
problem in Jamaica until the government takes steps to make
the roads safe for the people to travel on or along.
Sidewalks can be constructed without going to a great’
expense. They do not have to be paved or precisely designed.
At the least, the sides of the roads could be leveled and the
vegetation removed along the margins of the road, so that
pedestrian traffic is possible and unimpeded. This measure,
it is believed, would greatly reduce the number of serious

injuries and fatalities.

9-2-7. Clear and Proper Signage

Because of the limitation of resources to address this
problem, a short term solution is suggested. Effort might be
focused on maintenance and repositioning of existing signage,
so that signs now in place may be made functional for road

workers.
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9-2-8. Vehicle Spare Parts

It is essential to road safety that good vehicle
maintenance be encouraged by the Jamaican government. The
writer strongly recommends that the Jamaican government
consider price controls on vehicle spare parts. The
difficulty of effectuating and implementing such a decision
is not underestimated, as personal interests may have to be
sacrificed in order to remedy an appalling situation in the

national interest.

9-2-9. Control of Drugs and Alcohol

It is recommended that a priority should be to provide
the police with a means of measuring the level of alcchol
and/or drugs consumed by people involved in road accidents.
Then, enforcement of sentences on those found using these
substances should be more strict. Finally, drug and alcohol
related causes should be recorded by the police, at the scene
of the accident, so that researchers can more accurately
identify factors contributing to the problem of road

accidents in Jamaica and suggest measures appropriate to

finding a solution.

9,3 Conclusions

It is clear that the trend in road safety has been
negative in developing countries for the last 20 years. 1In

many countries the number of accidents has trebled during the
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70s and the number of fatalities has doubled (Henrickson,
1990) .

Many less developed countries have low or widely varying
road and street standards, where the variation itself creates
risk. The degree of separation in the traffic flow may be
low or nonexistent. Furthermore, vehicles in these countries
are in poor condition. The main concern of vehicle owners is
to keep their vehicles in running condition, which can be
rather difficult owing to the scarcity of spare parts and
workshops to handle repairs. Road safety is often a
secondary consideration.

It would seem possible to improve road safety in
developing countries by a great percentage using some very
simple safety programs, programs like vehicle improvements,
information and education, accident information reporting,
improvements in roads, and traffic police and law
enforcement. Most of those activities are not costly and
will give a very high rate of return, especially if the éoad
safety programs can begin while the number of cars is low.

The difference in fatality rates between developed and
developing countries is a clear indication that road
accidents can be controlled using a variety of basic methods.
For example, 35 cars are needed to kill one person in
Nigeria, 60 in Pakistan, 756 in Ethiopia, while 3800 are
needed in the United States and 4500 in Sweden (Rumar, 1990).
If accident rates can be controlled in developed countries,

why should they not be controllable in the developing world?
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In fact, success in controlling accident rates has been
achieved in several developing countries, like India,
Thailand and Kenya. In Thailand, for example, the fatality
rate per 100 million vehicle miles has been reduced from 21
in 1978 to 9 in 1985. The drop can be attributed to a 10-
year safety program being carried out by the Thai government.
As suggested by Dr. MacKay and WHO (see Chapter 1), and
supported by this research, there are many factors which do
not exist in deveiobed countries that play a large role in
the high rate of accidents in developing countries.
Nevertheless, a high degree of accident control can be

accomplished with a minimal investment of resources.
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Voee S Cate P lia

CODE NUMBERS

DRIVERS AMD CYCLIST

1 Fatigue or aslesp

2 I11

3 Under the influence of dripks or drugs

L Physical defecta

5 Learner drivar

b Inexperience with type of vehicls Lm use at tha

7 Proceeding at excessaive speed having oo regard to _______on
3 Failing to keep to pear side or to the proper traffic lane

Cutting in

o] Overtaking improperly on near side

21 Overtaking improperly om offside

= Awerving -

% Failing to stop to afford free passage to pedestriaa

1™ Turning round in road pegligently

15 Reversing negligently

16 Failing to comply with Traffic Sigoe or signals

17? Failing to sigoal or giving Llndistipot or Llacorrect signals
18 Pulling out from near side without dus care

19 Pulling out [rom off side without due care

20 Changing from ooe Traffic Lane without due cars

21 Cyclist riding more than two abresst

22 Cycliat riding with head down

25 Inatentive or sttention diverted

24 Baspered by passengers, anisals or luggage in/or oa vehicle
25 Turoing left without due care

26 Turning right without due care

27 Driver negligently opening side door of vehicle

28 Door pot properly fastened (s.g.) back door of gooda vehicle
29 Negligeotly opening rear door of (e.g.) door of back vehicla
3o Croseing witbout due care &t road junctios

n Pedal cyclist holding to acothsr wehicle

2 Losing comtrol

13 Dazsled by light of amother vehiclas
3 Moving off without taking proper precautions

3 Stopping suddenly
36 Mis judging olearsnce, distance of speed (vehicle or object)
27 Following too closaly behind another vebicle
b1 Other apparent srror of judgement ar negligence

KOTOR CYCLIST AND PILLION PASSENGERS ONLY -

39 Skiddiag (all vebicles)

Lo Motor Cycliat pot wearing oraah helmsts

LB Pillion passengers oot wearing crash helmst

42 Pilliom passengers weariog oraab helmets

FEDESTRIAR

43 Froa oear aide

uly From off aids : o

45 Heedlesa to Traffic - Crossing road sask by stationary vehicle

L6 Heedless to Traffic - Crossing road sask by soving vehicla

L7 Heedless to Traffic = Crossing road sask by moving vehicle

L8 Heedless to Traffic - Walking or atanding ia road

&3 Hesdlems to Traffic - Playing ia road

50 Keedlesa Lo Traffic = Stepring, walkiag or running off foot path
or wverge lato roasd

51 3lipping or falling

52 Paysioal dafeots of sudden iljness

53 Dnder the influence of drinka or drugs

5k Holding oo to a vebiols

55, Error of judgement, or megligence other thas above
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CODE NUMBIRS

DRIVERS AND CYCLIST

1 Tatigue or asleep

2 111

3 Uader the influenoe of drinks or drugs

b Physical daefecta

5 Learper driver

& Inaxperience with type of vehicle im use at the time

? Proceeding at excessive speed having no regard to conditicam
3 Falling to keep to mear side or to the proper traffic lane

Cutting in

0 Overtaking improperly on near sids

o | Overtaking improperly om offeide

R Swerving -

“ Failing to stop to afford free passage to pedestrian

" Turning round ia road pegligently

15 Revearsing nsgligently

16 Failing to comply with Traffic Sigos or sigpals

1? Failing to signal or giviong lodistinot or incorrect aignals
18 Pulling out from near side without due cars

19 Pulling out from off aide without due care

20 Changing from oos Traffic Lane without dus care

21 Cycliast riding sore thean two abreast

22 Cyolist riding ®#ith head down

25 Ipatentive or attention diverted

2k Bampsred by passengers, animals or luggege in/or on vehicle
25 Turning left without due care

26 Turnoing right without due care

27 Driver negligently opening side door of vehicle

28 Door not properly fastened (e.g.) back door of goods vehicle
29 Negligently opening rear door of {e.g.) door of back vehicle
30 Crossing without due care at road junction

n Pedal cyclist holding to acother vehicle

= Losing control
33 Dazsled by light of asother vehicle
34 Moving off without taking proper precasutions

35 Stoppiog suddenly
36 Misjudging olearance, distance of speed (vehicle or object)
37 Following too clossly behind another vehicle
36 Other apparent arror of judgement or pegligence

KHOYOR CYCLIST AND PILLION PASSENGERS ONLY

39 Skidding (all vehicles)

Lo Motor Cyclist not wearing crash heleets

LS} Pillion passengers pot searing crash helmat

b2 Pillion passengers wearing ¢rash helmets

FZDESTRI AN

L3 Proa near aide

uly From off aide : -

45 Heedlesa to Traffie = Crossing road mask by stationary vehicle

L6 Hesdleas to Traffic = Crossing road maak by soving vehicle

Ll Heedless to Traffic = Croseing road mask by moving vehicle

48 Heedlass to Traffic = Walking or standing in road

43 Hesadloss to Traffic = Playiag ia road

50 Needless to Traffic = Stepping, walkiag or running off foot path
or vergs iato romd

51 Slipping or fallipg

a2 Paysical dafecta of sudden 1ljlnsasa

b3) Under the influenca of drinks or drugs

54 Holding ou to a vehiole

55 Brror of judgement, or megligence other than above
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PASSENOERS

56 Boarding or alighting froa P,P.Y, vehicle without due care
57 Boarding or alighting froa vehicle other that P,P.¥, without due
care
53 Falling when inside of falling from vehicle
9 Passengears opening door withou! dws care
(7] Othar magligsace sa part of pessangers
(A Stealing ride
C2 Negligence on part of comdecler or goods vehicle attesdemt
£ Pader the lafaems of drinks or drugn
ARTIMALS
Dog La carriageway
65 Other Animals in carriageway iscluding bolting horses
OBS TROCTIOKS :
66 Statiopary vehicle dangerously placed
67 Collision with vehioles imvolved in previous road accident
68 Other obatructions
YEMICLE DETICTS
69 Nechanical defects or fallure of brakes
70 Kechamical defects or fallure of tyres or wheels
71 Kechanical defoctas or fallare of steeriag
72 Necasaical defects fallare of chain
73 Rec<hamical defects of fallure of fremm
™ Bo [rost light
7% Inadequats frosm lipght
76 Ro rear light
27 Inadequate rear light
78 Unattended vehicle ruoning away
79 Drivers view obatructed (1,9.) by equipment, load or obscured
windsareen
80 Yehicle overload, sbifted or defective load
b1 Any other feature of vebicle or squipasnt shich contributed to the

accident

TAAMMATYS OR RATLEATS

82 Tracks in bad repairs

83 Wheels of vehiols cetching ian tramways, tract or in Rallway track

ROADS

-4 Pot hole

85 Defective man hole cover

86 Other Road Surface coandition

87 Road Work in progress

88 \'1-; obacured etc, by lay out ig road (including object off carriage’
vay

89 S1ippary road surfsce dus to ofher factures that weatber

90 Other road conditions etc.

YEATHER

91 Tog or mist

ge Strong wind

93 Heary rain

34 Glaring sum

THER FACTURES

5 Other factures

36 Kot traced
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PASSENGERS

56 Boarding or alighting froa P.P.¥, vehicle without due care
57 Boarding or alighting froe vehicle other that P,P,¥, without due
care
58 Falling when inside of falling from vehicle
PLiSEMOERS
%9 Possengers opening daor without due care
s Othar negligeace oa part of pescsngers
(A Stealing ride
2 Begligense oa part of Cosducler or goods veshicle attesdaat
€5 Fruder Lhe lafllnemcs of drinks or druge
ARIMALS
Dog iam carriageway
65 Other Animala is oarriageway iscluding bolting horses
OBS TROCTTOKS =
66 Stationary vehicle dangercusly placed
€7 Collision with vehioles imvaolved io previous road accident
68 Other obatructions

YZHICLE DEYICTS

69 Mecbaaical defects or fajlure of brakes

79 Mechanical delfects or fallure of tyres or wheels

71 Necranical dafects or failure of steering

72 Necaasical dofocte fallare of chals

73 Rechragical defocts of failure of (resm

Val Bo frost light

73 Iasdequats fros light

76 Bo rear light

77 Inadequate rear light

78 Unattended vehicls running away

79 Drivers view obstruoted (i.s.) by equipment, load or obscured
windsoreen

a0 Yehiole overload, shifted or defective load

b1 Any othar feature of vakicle or equipaent which contributed to the
accident

TRAMWAYS OR RAILWNAYS

82 Tracks im bad repairs

8 Wheels of vehicle catching ia tremways, tract or in Rallway track

ROADS

B Pot hole

85 Defective man hole cover

86 Other Road Surface coaditioa

87 Road Work in progress _

88 View obsoured etc, by lay out ig road (including object off carriage
®ay)

89 Blippery road surface dus to ofher factures that weather

90 Other road conditiona atc.

YEATHER

91 Fog or aist

g2 Strong wind

93 Heavy rain

24 Glaring sum

ITHER FACTURES

43 Other factures

56 Kot traced
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I"ROGRAM = MVIDAD
real run

FILENAMES

outnel .DAT
outrpmat.DAT

cutnel:-d.DAT
cutclkm-d . DAT

cutdmprd.DAT

FARAMETERD

SFRUAD = 0
YABLE = 1ul
1TER = 5
MAXC = 200
VOLUME = (3

HTREE = . ©

HYTREE = S000

DFTIONS
PRMET - = F
FRIELOD = T
nwulllD = T
TR = T
SEAVE = r
P TUnNiTN = F
TESTT 2 F
FIRTHEE = I
SHORTRK = r

PROE

TNPUT COMTROL DATA FILE

TNFUT NETWORK

INPUT TRIP MATRIX

INFUT TREE FILE

TRPUT TLIRN PERALTY FILE

IMNPUT CARPNCITY RESTRALWNT DATA FILE
DUTPUT RMETWORIK

OUYPUT CO:1° SKIM MATRIX ™

—— e — i g s —.

QUTFUT TREY FILE
NUMPED NETWORK IFILE

MUILTTROUTE L THE COST VARTATION YNMDEEY
INFUT TRIF MATIRIY MUMBLR

AUMZER OF CARACITY REETRAINT ITERATIONS
MAXIMUM | IMKC COST % 10

STURAGE OF VOLUMES IH OUTFUT NiE MJORK

=

o

=

2

: ADD TO EXISTING MRELUAD VOLLUME
: REPLACE EXISTING PRELOAYD 00 LMK
: PLACC IM YOLUMIZ FI1ELD

ITERATION NUMBRER FOR WHICH TREES #RIT SAVED

0

TO SAYE FOR EACH ITERATLIONM

MAKIMUIY TREE COST % 10

-T
Y

=T
=y
(1% 8
=T
=T
=T
=T
=F

T0
1F

¥
IF
IF
IF
]

IF
IF
I

r

FIRINT THPUT METUGRIS OMLY
I"RELLOADS ARE CUNSIVERED T LI LOALING

NEW TREED aRk T0 - 2UILY FOR CACH TTURFATION
TREES ARE RESTORED FUR FIRST JTERATION
TREES CaAN DIE MULT THiROUESH Z00ME CENTRGIDS
iz TRECE ARE TI BE SAVEDL

TURM FERALTIES ABC SUPSL LER

TEST TREES QMLY ARE 70 TE DUILT.

SELECTED TREES aﬁE-;D’EE FRINTED
TREE PRINT- TS5 YW BACKNODE FORM
TREE PRINTTIS iN.FULL TRACE FORM
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Lo S WA e s &y iy
eT IF ASSIGNHEMT I8 TD RE DONE

LOAD = 7
STORE = T =T IF QUTPUT METUWOREK IS TQ 2E SAVED
S .
cAP " 7.7 ©T IF CAPACITY KESTRAINT IS TO BF AFPLIGT
FLITER = . =T FOR WETWORK REPOFT OM LAGT ITEPATICN ONLY
EKIM  n T .~ =T IF 5KIMS ARE TN B SAVED
DUMP = T. .~ =T FOR DLUMPED NETWORK FILF
MAELCT =- T =T FOR SCLECTED NMODE PRINT
TRELCT = T =T FOR TURNING VOLUMNE FZFORT
TLITER = o =T FOR TURNING VOLUME REFPORTS DN LAST

ITERATIDM ONLY

INFUT NETHORK CHARACTERISTICS

e Lt e T T ——

LABEL = <&

ZONEE = 12 HTEHEST Z0ME IN HETNORK
MODES = 51 HIGHEST MACE IN NETWOSK
LTYPE = 2 HIGHEST LINI TYPE IN METWCRK
MOLINIK = 154 NUMOER OF LINKS IN MPETWCRIK

(INCLUDING REVERSE OF ONE-WAY LINKS

OUTPUT NETWORK LAREL : <'jamaica ocutput network & bhapfully “lew'l>

- 4 8t

MATRIY. HEADLCR LNALTLS ; 4
L (NOTE: -1 INDICATES A MATRIX. FILE WHICH HAS NO HE!
S .
INPUT FILE 1: :
ZOMNES n 13
MATRICES -~ 1
LAFEL ¢'lamnaizan read matrik generaticon’ .

OUTPUT MATRIX LAREL

{'jamaica skim matvip'

LINK COST WEIGHTING FASTORS

e o e e R i e

LINK DISTANLLE TIMC
TYPE FACTOR FACTOR
(DFNACTY - (TFOCT)

i .00 0.0¢
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Accidenl Reduction {Percant)
Ran
Improvemant Folol IHeod|Reor|Right |Side |Lelt|Rt, |Fixe oIl |Wat
All |1njury [PDOIOn  |End jAngle|Swipe Turn{Turn|Obj . [Ped.|Nighi|Reod]| Pvmi |
Resurfoeing?/ 42 46
SIGNS
Upgrade Sigra 20|10 o] 10
Overheod Lone Signi 10 20
Owverheod Warning Signs 20| 20 20| 20
Four-Woy Stop Sigm/ 70 |=7
Spatiol Curve Warning Signs 75
ad/| N
Minor Leg Stop Control w352/ |=18%/]
o/ On two or more lones,
E/ Two lones,
E/ Minor slreel muil be J5% or more of totol Inleneclion vol ; lotol inlenecti I muil be < 8,000 ADT,
Accidenl Reduction (Percent )
fan
Improvamant Folal Heod|Rear|Right [Side |Lefl[Rl, |Fixed Off |Wet
Al |injury |[PDOIOn  |End |Angle|Swipe Turn{Turn{Obj . Ped.|Might|Rood Pemi
=595/ a0
Yiald Sign =452
oo s b b/
Directionol or Worning Sigrs Fa 35?_/ ,
al Intenectiom 4197 2472/ 28 d
Warning Signs ond Delineaton ;,
ot Inlenectiom 20% 2272,
148/] ul&x
Worning Sigre on Sections :70’_/ =2¢9/]
REGULATIONS
Eliminate Porking e/l as
Chongs Two=Waoy Operation to
One-Way 25
Prohibit Turns 42/] 39%
o/ On two or mare lanes,
E/ Two lones,

t_/ Minor tireel munl be J5% or more of lolal intenaction volumas; totel Infersechinn volume muil be < 8,000 ADT,
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Accldant Reduclion (Perceni }
Ren
Improvemani Folol HeodRaor|Right [Side |Left|Rl, |Fixed O |Wet
All [lnjury [PDOIOn |End lefSwipe Turn{TurndObj . (Pad.|Might|Read] Pymt
CHANNELIZATION
lralall Median Bortien 4124
Add Pointed/Moiied Mediors lzﬂ‘r
®9 (=80 |
Add Lefi-Tum Lone w/o Signols 62 =54
Tum Boy 20
Mew Lalt Chonnelizotion ot Sipnolized b/ 15
Intensection w/ or w/o Lelt=Turn Phosh wlé
MNaw Lelt-Turn Channalizalion at Un-
vignolized lnlenaciion w/curbi= Curb 70
painied Paint 1
Instell Two=Woy Lelt-Tum Lones a5
o/ On two or more lones. '
B/ Two lonu.
e/ Minor itres! muil be 5% or mors of lotal inteneciion vol total ini tion volume mut be <8,000 ADT.

Acciden! Raduction (Percent)
Ran
Improvement Falal HeodlRear|Right |Sida |Left|R1, |Fixe O |Wet
All | lnjury [POCIOn  |End [Angle{Swipe Turn{TurnlOb| . Ped.|Might|Rood] Pemt]

ACCESS CONTROL

Clore Medion Opening 100| 50| 100f 50 | 00|

Relocole Drives 20|20 10 10 [ 10 14
SIGNALIZATION ' ) '

Install Waming Signals =

Floining Beacors (Red="Yuallow) 50

Flothing Beocone (All Red) 75

Floshing Beocom ol RR Xing 80

o/ On two or mare lanes.

B/ Two lanes,

E/ _Mim tireel munt be J5% or moce of lojol Intersection volumes; 1otol Intanacilon velums must by < 8,000 ADT,
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Accident Reduction (Percent )

Ran
Improvement Fotal HeodReor|Right [Side |Lelt|Rt, [Fixed O"JW.I
All |injury |[PDO{On  |End |Angle|Swipe{ Tuen{TurnlObj . [Ped.|Night|Read] Pvmt
Advonce Warning Flothers 0
3 L
Improve Signaly 22 =15
13 54
Add Pederirian Signoh % 42
Add Left=Turn Lone ond Signal Py (. 4
s+ Add Lelt=Tumn Signol w/o Tuming y /
Lane 393 57
Add Turn Lane, Signal and of o
IHlumination e 764
Improve Timing 10] 10 10| 10 10
12-in, Lem 10
o/ On two or more lones.
B/ Two lanes.

©/ Minoe iirest muit be 35% or more of to

tal inteneclion volumaes; tolol inlenection volume must be < 8,000 ADT,

Accident Reduciion (Percent)

Ron
Improvemani Falal HeodRear[Right [Side |Left[Rt, [Fixed Ol lw.l
All | lnjury (PDOIOn  |End |Angle{Swipe Turn Turn{Obj ., [Ped |Night| Pvmi]

Improve Signals to Correspond to Momud|

on Uniform Tralfic Control Devices 20 20| 10| 20f 20 20
Add Lelt-Tum Lone w/o Signal El9 f =80 |, /

Turn Phose 62 =548 =18/
Modily Signali 27
Achole 0] 10| 20/ 10] 20
Optically Progrommed Signols 20/ 10f 10 10
Pedeitrion Phase &0
Remove Signal 90

=1
80

Add Signal 2\li“pnz:l:l

o/ On two or mora lanes,
B/ Two lones,

©/ Minorsireet must be 35% or more of totol Intenection

total int

1

mut be < 8,000 ADT,
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