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SYNOPSIS 

This research work attempts to construct econo- 

metric models of the demand for travel. Basically, the 

models depend on a relationship between the amounts of 

travel demand and household income, but there is an inbuilt 

sensitivity to the leve. 1 of. service provided by different 

transport systems. To achieve this, a new method of valuing 

non-working time was developed. By applying the principle 

that the amount of travel is governed by household budgets 

of time and money it is possible to estimate the effect on 

the numbers of trips and their lengths caused by modifying 

the road system or by otherwise changing the cost of travel. 

The models therefore depart from the traditional four stage 

transportation planning techniques and they effectively 

combine modal choice with trip generation. 

To complement these travel demand models a new 

approach to t-raffic assignment has been developed. The 

method uses concepts of"relative attractJveness" and "access- 

ibility" of routes to simulate drivers' choice of route. 

Additionally, this process provides estimated values of 

parameters required as "feedback" to the travel demand models. 

An important feature of the work is that all models are sim- 

ple in concept and application and they require relatively 

small amounts of data to be collected. 
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1. 

CHAPTER 1 

STANDARD URBAN TRANSPORTATION PLANNING PROCESS 

1.1 INTRODUCTION. 

Transportation improvements lessen transportation 

costs. This lowers the cost of goods and services thereby 

saving fixed available resources for application towards 

other needs. 

Transportation improvements also generate broad 

social benefits by making a larger variety of goods, services 

and activities accessible to people. Thus, transportation 

has an influence on the form of urban developments and on 

the. life style of urban citizens. People gain greater free- 

do. m to choose where they live, work and shop, they gain a 

wider range of choice in educational, cultural and recreat- 

ional activities. 

Transportation planning objectives must be to pro- 

vide for the safe,, rapid, comfortable, convenient, and 

economic movement of people and goods. To achieve this, 

acceptable methods are needed for forecasting and evaluat- 

ion. 
Like many other systems, urban transportation plann- 

ing changes constantly. A twenty year transportation plan, 

based on the best forecasts and analyses available just a 

few years ago may be almost obsolete today. The main reasons 

for this are the unexpected changes in land use distribution 

and development and unexpected travel demands due to higher 

personal incomes. 

1.2 HISTORICAL BACKGROUND OF TRANSPORTATION PLANNING. 

Although the current methodology in transporation 

planning is relatively new, the problem of traffic congest- 

ion has existed for a long time; but it never grew so 

seriously until the car age. Both the size and pattern of 
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urban development have been affected extensively by the ex- 

isting transport technology (Stopher and Mayburg, 1975). 

Undoubtedly the most revolutionary development in 

the whole field of transport occurred in the first half of 

the twentieth century with the growth of motor transport. 

Within the matter of a few decades the motor vehicle had 

become an integral part of the British transport system and 

it produced significant changes in the economic and social 

life of the country. In fact, not since the railway has any 

form of transport had such far-reaching effects. Not only 

did motor transport create a wide range of new opportun- 

ities, but it also brought with it many problems, solutions 

to some of which have still not been found today (Dyos and 

Alcroft, 1974). 

A private car which cost,,. F-500 in 1922 could be 

bought for E325 in 1926 and the price of commercial vehicles 

fell by E100 during the same period. This rapid fall in 

price and improvement in the technical performance of motor 

vehicle together with the rise in real incomes were undoubt- 

edly the main factors contributing to the growth of motor 

transport in the inter-war-years. 

The necessity for transportation planning became 

obvious when increasing personal income, greater vehicle 

ownership, and associated increase in personal mobility 

gave rise to an increase level of congestion and delay. 

Planners came to realise that cities, in their traditional 

physical form, simply could not cope with the new mobility. 

Before the early 1950's the method of forecasting 

was straight line projections of traffic counts; and 

planning depended on the comparison of the forecasted vol- 

umes with the existing capacities. 

Serious attempts at urban transportation planning 

started in U. S. A. in the early 50's and later in Europe. 

The collected data was utilised to help develop methods for 

forecasting travel for as much as 25 years into the future. 

At this time the problems that face transportation today 

such as pollution were not recognised. 
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The changes of the 1960's saw an extension of pre 

war trends and brought about many new and sophisticated 

methods used in urban transportation studies. Large scale 

land use/transportation studies in major metropolitan areas 

were launched in North America during the years 1959-1968 

(Batty, 1976). These studies led to the recognition of the 

problems in providing an adequate system of public transport 

services; urban areas are frequently faced with lack of 

financial support. 

In the mid 70's the problems of energy shortage and 

higher oil prices seriously shook the economic balance of 

many countries. Some reconsideration of development pro- 

grammes was undertaken and consideration of energy conser- 

vation began.. In the future, it is likely there will be more 

restrictions on energy consumption, and research will concen- 

trat*e on alternative energy sources, which may produce new 

co-ncepts in transport. 

1.3 TRANSPORTATION PLANNING STUDIES_ 

Two main categories can be identified in transport- 

ation planning. 

1. Short range studies (5 to 10 year plan) 

Such projects tend to be specialised for a single 

site, a single mode, a single route or a single link in the 

network. Usually this deals with bottlenecks and congestion 

problems which occur in part of the network. 

2. Long range studies (20 to 25 year plan) 

These include those associated with developing 

transportation facilities for the long term needs. Such 

calls for integrated and continuous planning process. The 

fundmanetal objective of the long range study is to develop 

a plan to serve the community of the future and also to 

serve the changing needs of the community, the plan takes 

time to implement and communities will develop new require- 

ments over time. The plan usually includes all transport 

networks together with parking facilities and terminals. 
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The method of long range study usually includes the 

following : 

(a) Inventory 

(b) Summary and analysis 

(c) Forecast 

(d) Testing of alternatives and proposals. 

(a) The inventory stage deals with origin-destination 

survey, and data is collected by such methods as the home 

interview and the roadside interview. Other data needed 

concerns land use, bus services, rail facilities,, parking 

spaces, road capacities, etc., on the network for the base 

year (year of survey). 

(b) Summary and analysis often yields the base year 

travel characteristics in the form of O-D table and cost 

matrix which is based on speed measurement and network anal- 

ysis . These two sets of information (O-D table and cost 

matrix) are used for calibrating the forecasting models in 

the following stage. 

(c) Forecasting is necessarily an inexact science. How- 

ever, forecasts are in use constantly and must be revised in 

the light of new information and new policies. 

(d) Future development alternatives for the region be- 

come specific in terms of activities on zonal level. Diff- 

erent methods are used to forecast demographic and economic 

characteristics. Tkaffic forecasting is usually done by 

using models as desekibed in the following section. 

In order to obtain some guidance in preparing pro- 

posals for future transportation systems an estimation is 

first made of how the existing network is loaded when ex- 

posed to both the observed and forecasted traffic. The net- 

work proposals and testing of alternatives usually emerge 

from comparison of "demand" and "supply"; from objectives, 

and from engineering experience and judgement. An economic 

assessment can be a guide as-to which alternative offers 

the better benefit. 

However, the credibility of transportation planning 

is being taxed by the evidence of increased congestion and 
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adverse environmental consequences of transport systems 

(McGrath, 1972). The increasing difficulty in implement- 

ing long. range transportation plans in urban areas, par- 

ticularly during periods of rapidly changing human values, 

requires the planning process to be brought down from the 

regional long-range scale to shorter time frames and smaller 

areat (Wickstrom and Grant, 1972). 

1.4 MODELS IN TRANSPORTATION PLANNING 

In practical terms, models have generally been used 

to calculate future traffic on the road network. This cal- 

culation shows the bottlenecks and gives an idea of where 

the road network should be improved. 

Models as used in transportation planning are math- 

ematical equations and procedures which simulate relation- 

ships between soci6 -economic charactekistics and land use. 

They also include transportation system parameters and re- 

sulting travel patterns. Not all such relationships are 

reduced to mathema, tical equations, e. g., most existing land 

use forecasting techniques are sequential proceduXes which 

are based on experience and knowledge. Models are developed 

and verified by applying them to existing parameters to "re- 

produce" current travel pattern. If the basic relationships 

are assumed to hold over a period of time, the planner can 

use the model sequence to test future alternative land use 

and transportation systems which may be developed. These 

are then evaluated in the light of the objectives to deter- 

mine the best course of action. 

The processes of modelling are 

1. Model theory. 6. Evaluation of performance 

2. Data collection. of the model. 

3. Calibration. 

4. Testing. 

5. Prediction. 

Properties of a good model are simplicity, sen- 

sitivity, stability and validity. 

The model must be simple in concept and application. 
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The process of transportation planning with conventional 

models has become unwieldly inflexible and slow and it's 

not certain that the level of detail and accuracy is well 

matched to the planning phase concerned (OECD Report 1974). 

The model must be sensitive to the parameters involved. This 

will naturally call for using parameters which can be 

measured or estimated fairly accurately. 

Besides stability and consistency, validity is the 

most important feature of the model; a model to have val- 

idity, must specify the causal sequence in which events 

occur. In other words, the range and applicability of the 

model must be known. It follows from requirements of pre- 

diction that not only a relation form, but "correct" cause 

and effect are needed for a valid model. 

Traditionally, transportation planning consists of 

four stages, each treated separately by a model especially 

formulated to deal with that stage (Figure 1.1). The stages 

are 

1. Trip generation. 

2. Trip distribution. 

3. Model split. 

4. Assignment of traffic to facility pattern. 

Each stage will be described in detaillater. 

The distinct problem which limits the accuracy of 

transportation forecasting models is the cost. A transport- 

ation model is a cumbersome exercise in repetitive mathe- 

matics, made possible only by the development of computers. It 

is not a cheap process and in many instances a decrease in 

accuracy has to be accepted to save excessive expenditure 

on computation (Lane et al, 1971). 

Howeversophi6tidated,. '. the model, it is essentially 

an aid to decision-making rather than an answer in itself. 

The results of a transport model are normally of little use 

without someone trained to interpret them and combine them 

with good engineering judgement. 

Model building processes are complex and transport- 

at ion models are actually a part of system analysis or urban 
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planning, land use and transportation as in Figure 1.2. 

When objectives and resources are changed, new considerat- 

ions must be put forward and because these two inputs (ob- 

jectives and resources) are always changing, continuous 

transport planning is needed. 

1.5 URBAN TRAVEL CHARACTERIATTCS 

The social, demographic and land use characteris- 

tics of the modern urban region influence the travel behav- 

ior of, its residents and the demand for transportation fac- 

ilities. The modern urban region is usually characterised 
by a continuing rapid rate of growth both in population and 

area of urbanisation, a proliferation of commercial and in- 

dustrial centres, and increase in car ownership which out- 

paces population growth, and a relative decline in many 

types of CBD attraction (Levinson, 1976). 

Each urban area reflects historical, social, and 

ec onomic antecedents. Likenesses and differences among 

cities mainly rela, te to economic base, topography and age. 

Population density patterns generally reflect city age and 

the modes of interurban transport that prevailed during 

formative years. Consequently cities in Europe, Asia and 

South America generally exhibit higher densities and lower 

car ownership than American cities. In most cities,, net 

residential density declines with increasing distance from 

city centre. Car ownership increases with rising income 

and with decreasing density. 

In most American cities more than three-quarters 

of all personal trips are made by car. The proportion of 

trips made by public transport tends to increase as the pop- 

ul at ion and/or density incre as es . 
(Levinson, 1976) In 2Q-years in 

Britain the total amount of passenger transport has grown 

by more than 300percent (Transport Policy U. K., 1976), 
_ 

with 

the largest share of the total and all of the growth coming 

from the use of cars. By 1974 cars and taxis accounted for 

79 percent of all passenger travel (measured in passenger 

kilometres)v and 90 percent for vehicle kilometres (Figures 

1.3 and 1.4). 
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From these figures the following effects may be observed: 

1. The trend of car and van use rose almost contin- 

uously throughout the last twenty years reaching about 90% 

of total vehicle kilometres travelled on all roads by 1974) 

2. The use of other modes, especially buses, is de- 

clining and it represented a small amount, only about 1.5% 

of total veh-icle distance in 1974. This relatively small 
distance travelled by buses contributed a greater amount - 
expressed in passenger journeys and passenger distance. In 

1974 buses and coaches accounted for about 24 percent of all 

passenger journeys and around 12 percent of total passenger 
kilometres (Ball and Percival, 1978). 

3. The use of car related to economic growth (Gross 

Domestic Product GDP and national disposable income and 

their reflections on personal income and retail prices. The 

effe'ct of petrol price ons- car usage can be realised by the 

fa-ct that when petrol price index started to rise sharply 

in 1973/74 the car passenger kilometres fell down correspond- 

ingly. 

1.6 ZONING SYSTEM 

Commonly in transportation planning processes, the 

area under study is divided into a number of zones, the 

reasons for this are : 

1. To simplify the presentation and collection of data. 

2. To reduce computation and minimise the computer 

time and storage needed for processing. 

3. To understand better the structures of the area in 

terms of land use and activity. 

First the region would be circumscribed by a cordon 

line. The cordoned region is then divided into zones (in- 

ternal zones) whose areas are small. enough for most problems 

to be pinpointed fairly accurately, and yet large enough so 

that the study does not become inundated with data. The 

surrounding area represents a number of external zones. The 

type and intensity of land use must be considered in zone 

size definition, as general rule and the average radius of 
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internal zones should be less than the mean trip (Broadbent., 

1969(. The size of zonesp if it is done on this basis, will 

appear as irregular shapes, smaller zones concentrated in 

Central Business District (CBD) area and large zones in out- 

skirts of the city (Figure 1.5). Apart from the nature of 

the study the size and shape of zones depend on adminis- 

trative boundaries, topgraphy, population, trip generation 

potentials, together with existing and proposed road net- 

work. However, there are possibilities of zoning on a grid 

system using ordnande survey maps. 

To facilitate rapid identification and machine pro- 

cessing of detailed trip information collected in the sur- 

veys,,. the traffic zones must be delineated and coded num- 

erically. 

1.7 DATA COLLECTION 

Data is collected in each transportation study 

mainly for the following :, 

1. to calibr, ate models 

2. to identify more precisely problems, domains, ob- 

jectives and constraints 

3. to yield some travel characteristics which may help 

identifying'and solving the problem. 

The data collected usually consists of 

1. Origin-Destination (OD) Survey, which yields mat- 

rices of travel between zones, classified by journey purpose, 

type of vehicle and by time of day. 

2. C. ordon and Screen line counts relate to the number 

and type of vehicle passing certain points of Cordon and 

Screen line. 

Figures are recorded on daily, or preferably on an hour 

basis. 

3. Speed and flow measurement, for as many links as 

possible of the network, delays at Junctions. Parking spaces 

and related aspects must be listed. 

4. Land use survey related to the type and intensity 

of land use in each zone needed for analysis. Associated 
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surveys also needed concern demographic and economic status, 

population car-ownership, employment, retail sales, number 

of dwelling units and income of households etc. 

1.8 DATA CHECKS 

After the survey work has been completed it is nec- 

essary to tabulate and check the information recorded to de- 

termine thereliability of sample iftformation. Planning data 

checks, screen line and cordon line checks are necessary to 

fulfil this aim. 

In planning data checks, a comparison between O-D 

survey data and independently derived estimates (which can 

be obtained from recent census) of population, dwelling units 

and labour force etc. is made. Scree-n line checks are the 

best means of determining the completeness and accuracy of 

trip reporting. In this check the number of trips from one 

part of the study area to another across natural barriers, 

as determined from actual ground counts, is compared with 

the number of trips having origin on one side and destinat- 

ion on the other as determined from survey data. The cordon 

line accuracy. check involves the comparison of expanded data 

for trips made by study area residents crossing-the cordon 

line as recorded in the survey with roadside counts. 

The pattern and amount of work trips, by length 

distribution shows a greater degree of'stAbility than for 

other trip purposes. In respect of the reliability of data, 

it is possible to place greater emphasis on work trips. 

1.9 TRIP PURPOSES 

Different considerations have led transporation 

planners to define "trip purpose" which are groups of activ- 

ities that may require travel from home for their excursion. 

These trip purposes are defined first as a basis for deter- 

mining the price and utility of activities. Secondly, they 

form a means of identifying activities that have fairly 

common response patterns to transport system changes. The 

set of trip purposes usually employed by the transporation 

planner is 
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1. Work trip 

2. Shopping trip 

3. Business trip 

4. Social trip 

5. Educational trip 

6. Recreational trip 

7. Other personal travel 

Since "trips" are defined as one-way movements, an addition-! - 

al purpose of "home" is added to this set. Finally, other 

intermediate trip purposes may be defined, these relate to 

changes of travel mode. 

1.10 HOUSEHOLD AS BASIC UNIT FOR TRIP GENERATION. 

Characterisation of travel behaviour at the indiv- 

idual level, and related aggregation questions, led most 

transportation planners to define the behaviour unit of 

analysis to be a household. 

A 11h. ousehold is a collection of individuals who 

choose to reside together". Oi and Schuldiner (1967) post- 

ulated that the household is the major decision making unit, 

as opposed to an individual person or an individual trip- 

maker. In this work the consumer unit is household. 

1.11 SUMMARY. 

The conventional "four-step" transportation process 

framework has been briefly presented in this chapter, and 

the current state of art in urban transportation models out- 

lined. Some emphasis has been put on the basic data and 

requirements, for such study. 

Attention has been drawn to the behavioural unit 

"household" and its travel characteristics. The effect of 

income, general national economic growth and oil price 

change on travel is also introduced. 

In the following chapter, the conventional trans- 

port models will be discussed. Their practicability and 

shortcomings will be highlighted. 
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CHAPTER 2 

REVIEW OF CONVENTIONAL TRANSPORT MODELS 

2.1 INTRODUCTION 

Transportation planning as currently pract- 

iced is extremely cumbersome, and very expensive. It is in- 

flexible, and it is static rather than dynamic. That is, it 

is based upon measurements and estimated relationships from 

a single point in time, with an assumption that these re- 

lationships and estimates will not change over time except 

as may be specified by extraneous changes in total populat- 

ion, in wealth, and in similar characteristics. 

Transportation planning processes involve the coll- 

ection and analysis of large volumes of data and running of 

complex and costly computer models. This process is unwield- 

ly, inflexible and, slow and it is not certain that the level 

of detail and accuracy is well matched to the planning phase 

concerned (OECD Report 1974). 

The four-step transport models as presented in 

Chapter 1, and shown graphically in Figure 2.1 derive their 

general name from the presence of the above four distinctive 

steps. The key question is whether the increased level of 

detail, complexity and cost is justified by a corresponding 

increase in the accuracy and validity of the models relative 

to what could be achieved by a more simplified approach. 

In t, his chapter each model is critically reviewed 

in order to provide a background against which a new app- 

roach can be assessed. 

2.2 TRIP GENERATION DEFINITION 

According to the American manual on O-D Surveys a 

trip means a single journey with a certain purpose between 

two points made by a specified means of transport by a per- 

son aged at least 5. Journeys by motor cycle, bicycle or 

by foot do not count as trips according to this definition. 
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In principle any stop is considered the end of one trip and 
the start of another trip. Stops which have "secondary" 

purposes and which do not determine the choice of route e. g. 
depositing mail., buying petrol etc. ) are disregarded (Over- 

gaard, 1966). 

Trip generation is a general term usually applied 

to both origin end (0) and destination end of a trip (D). 

Consequently generation has to be classified into trip pro- 

duction (origin end) and trip attraction (destination end) 

(Wooten and Pick, 1967). 

Most British studies divided the trip into two 

groups : 

1. Trips which have one terminal point at home ("home 

based"). 

2. Trips which have no terminal point at home C'non- 

home based"). 

The first group is generated at the residence while the trips 
- -V 

in the second group are c6nsidered generated at the origin. 

Home based trips are generally between 85 percent and 90 

percent of all trips, this percentage is fairly constant. 

In this study, trip generation is defined as the 

average number of one-way journeys generated by a household 

per week. The return journey is a complementary one which 

occurs within 24 hours of the day. 

2.3 TRIP GENERATION COMPONENTS 

Figure 2.2 shows how traffic on a new improved road 

may develop. The total traffic consists of the following 

components : 

1. Present traffic; This is composed of traffic on 

the old roads which can be found by survey. The present 

traffic characteristics are usually needed for calibrating 

the models constructed to describe the travel pattern in 

the study area. 

2. Normal growth This is due to increasing populat- 

ion and income, and consequent increasing in car usage. 

3. Diverted traffic Improvement of one highway will 
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often result in the immediate attraction or diversion to it 

of some of the traffic formerly using parallel or alternat- 
ive routes. On the other hand , if the road is a new one 
the whole of its traffic upon completion will have been di- 

verted from other links. This traffic already exists so it 

is not part of the trip generation components; it is an 

amount required only at the last stage of planning, i. e., 

the "assignment stage". 

4. Generated traffic when there is a reduction in 

the cost of travelling between two points as a result of 

road improvement, certain journeys which were possibly not 

worthwhile before the improvement, become worthwhile after- 

wards. Thus traffic between the two points will increase 

(Dawson, 1968). This component accounts for up to 30 per- 

cent of present traffic. 

5. Development traffic is another type of generated 

traffic caused by providing a new and convenient level of 

accessibility for land not previously served adequately by 

highways. Building and new development are then likely to 

occur. Moreover, intensified commercial, industrial and 

residential use can be expected (Matson et al, 1955). 

2.4 CONVENTIONAL TRIP GENERATION MODELS 

2.4.1 Introduction 

"Trip end forecasting" is based on the principle 

that "land use generates traffic". The level of traffic 

generation, and in particular the mode of travel, depend on 

a large number of factors which can be conveniently divided 

into the following groups : (Douglas and Lewis, 1970). 

1. Socio-economic variables. Socio-economic variables 

largely measure the desire and potential of any household to 

make a trip. The variables normally considered include car 

ownership, household income,, household size, wage earners 

per household and occupational status. 

2. Location variables. Location variables reflect the 

surrounding environment and should ideally measure the spat- 

ial separation of households from each of the amenities which 



15. 

they desire, e. g., schools, shops and workplaces. 

Conventional methods of modelling trips'are 

"Regression Analysis" and " Category Analysis". 

Both models are discussed below. 

2.4.2 Regression analysis 

Regression analysis in a general sense simply 

assumes that some variable IYI responds to changes in other 

IX' variables. The Y-variable is the quantity under study 

( here, number of trips) and is known as the "dependent" variable. 

The X-variables are those which exhibit a causal ef fect on the 

the values of Y, -and are known as "independent variables, e. g. 

(car ownership, household income, etc. ). 

The most commonly used method has been that of 

"least squares" regression. For computational purpose the 

response surface has generally been assumed to be linear. 

The model can be expressed by 

aanXn 

where 
y is the dependent variable (number of 

trips 

xX socio-economic variables 1*** n 

a is the intercept term 
0 

a 1*** a parameters (regression coefficients) 

The use of least-square regression analysis involves a num- 

ber of assumptions relating to the distribution of the 

I'distrubance term" (the difference between observed Y and 

that estimated by the model), the independence and accuracy 

of the explanatory variables, and the shape of response sur- 

face. The various statistical tests associated with the 

least-square model may become invalid if the basic assumpt- 

ions are not fulfilled. 

The intercept term (a 
0) and the regression coeffic- 

ients alp a2an) are calculated from observed data by 

using the principle of least-square, i. e. the sum of the 

squares of residuals or deviations from the estimated line 

is minimised. 
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After fitting the best equation, the model is app- 

lied to find Y of a future year using X values which are 

independently estimated for the future year. Their correspond- 

ing coefficients are assumed to remain constant throughout 

the period. 

Different levels of aggregation are usually checked 

as a unit of observation. In formulating zonal regression 

models, there is an apparent choice between the use of"aggre- 

gate"and'i? ate"variables. "Aggregate it variables express 

total zonal values such as trip/zone and person/zone, while 

"rate variables" express mean zonal values, such as trips/ 

household/zone and person/household/zone. On the other hand 

disaggregate models which make no reference to zone boundar- 

ies considers households-as basic trip making 

units. It should be noted, however, that the ultimate aim 

is to produce an estimate of total zonal trips. Cons, equently 

an y disaggregate model must be capable of expansion to the 

zonal level. The level of disaggregation can be based on 

mode of travel and trip purposes, particularly when data is 

available for. such. classification. 

Widespread computer availability allows flexibility 

in the development and testing of the regression models. A 

stepwise procedure is used for selecting different combinat- 

ion of independent variables. The output from a typical 

stepwise regression program is shown in Table 2. a. 

It must be emphasised that the regression method 

can be used to calculate both trip generation and trip att- 

raction. 

The typical equations (Table 2. a) can be tested 

statistically. The statistics usually considered are the 

coefficient of simple correlation (R) which is a measure of 

association of variables. R is the proportion of vari- 

ability explained by the equation. 

Other tests are 'It" tests to see whether acoefficient 

value differs significantly from zero or not; the 'IF" test is 

used to test the significance of relationship between the 
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dependent variable (Y) and the independent variables X1, X 
2** 

xn; I; he "confidence interval" for the regression line is 

another way of showing one usefulness of the model for fore- 

casting. A summary of procedure for both linear simple and 

multiple regression analysis presented in Appendices 
., 

l 

and 2. 

Table 2. a. 

person trip/zone 3x 

person trip/household/zone = 3.2 X2 

person trip/household = .9+1.5 X3+X4 

Vehicle trip/zone = 3.5 X5+1.1 X6 

vehicle trip/household/zone= 1.3 X7+ .8X8 

vehicle trip/household = 1.1 + 1.5 X9+ .9X 10 

x1= person over 5 years/zone 

x2= person over 5 years/household/zone 

x3=. cars. /household 

x4 worker/household 

cars/zone 

x6= worker/zone 

x7= cars/household/zone 

x worker/household/zone 8 

x9 cars/household 

x 
10 = wage earner/household 

2.4_3 Category analysis 

This method is based on determining the average 

number of trips (dependent variable) for defined categories 

of households. Unlike the regression method, category anal- 

ysis does not require the formulation of any kind of equation 
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directly. It requires the allocation of: households to diff- 

erent categories; those categories are however arbitrary. 

In British transportation studies, households were allocated 

to 108 categories as in the following table : 

Table 2. b 

x1 x2 x3 

Cars/ Household income/ 
household Household structure per y ear 

0 0 employed residents and Less than E500 
1 unemployed adult 

1 0 employed residents and E500 to E 1000 
2+ unemployed adults 

2+ 1 employed resident and E100 to E 1500 
1- unemployed adult 

1 employed resident and E1500 to E2000 
2+ unemployed adult 

2+ employed residents and E2000 to E2500 
1- unemployed adult 

2+ employed resident and E2500 or more 
2+ unemployed adults 

The combination of these three variables (Xl, X 
2" 

X3) make 3X6X6 = 108 categories. 

Furthermore, trips generated per day by a house- 

hold of a given category include trips of several types, so 

that the total number of trips is broken down by the mode 

of travel and purpose of the trip. 

Three modes and six purposes are isolated as 

follows- 

Modes : 

1. Driver of cars 

2. Public transport passenger 

3. Car passenger 

Purposes : 

1. Work 

Business 
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3. Education 

4. Shopping 

5. Social 

6. Non home based 

Purposes 1 to 5 have their origin or destination at home and 

are defined as home-based; this distinguishes them from 

purpose 6. 

Each of the 108 categories of household has assoc- 

iated with it a trip rate for each of the 6X3 = 18 modes and 

purpose combinations. From the base year data, an average 

rate can be found for each category. Knowing the number of 

each household category in each zone for target yearthe task 

of predicting future zonal trips is confined to a simple pro- 

cedure obtained by multiplying the rate of trips of a cer- 

tain category by the number of households in that category. 

All categories can then be summed to yield the total num- 

ber of trips for the zone under consideration. 

The assumption in this method that these trip rates 

are stable over time., so long as factors external to the 

household remain the same. It is assumed that the trip- 

making activity of a household will not change unless it 

aquires another car, another member, or greater income, and 

that when it does it will emulate those households already 

in the category it moves into (Wootton and Pick, 1967). 

The problem is to predict the number of households, 

in each category in each zone, for a future year. For this 

purpose, different probability distributions are used, 

mainly the fo, llowing : 

The distribution of households by income. 

The average and standard deviation of income for 

the study area traffic zone is assumed to be known, and the 

households are classified into income groups by assuming 

that the income distribution is represented by a continuous 

p bability density function ý(X), the number of households 

having income X such that a <x, < b is given by 
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a 

Nfý (x) . dx 

b 

where N is the number of household in the zone, the function 

ý(x) is defined so that its mean and standard deviation are 

equal to the known values. A Gamma distribution is used 

so that : 

n+l 
(1 n -x (x) =! x. e 2Jb) 

x 
ct -, -22. ic 

n ot x 2.1 cl 

This distribution was found to fit the base year data of West 

Midland T'ransport Study (Wootton and Pick, 1967), for for- 

ward projection of income distribution a was recalculated 

according to 

Iy 2je Cc a (1+g) 

where g is the annual growth rate of income relative to the 

cost of living. a is the calculated value of a and y is the 

number of years for which the projection is required. This 

process results in the average income increasing by a factor 

of (1+g)y during the projection period, while leaving the 

ratio of average to standard deviation unchanged. However, 

if resultant synthesised household income distribution is 

different from observed values, it is necessary to apply a 

correction factor to each income group. 

Household car ownership distribution. 

The distribution of household by car ownership has 

been found to be related closely to the distribution of 

households by income. Hence"conditional probability" funct- 

ions have been formulated which express the probabilities 

of owning n cars 'given' the household income (x) relative 

to the price of cars. Gamma functions as before might be 

fitted to the data, the form is :- 

a 
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-b x 
(n/x) =aX. m. en2.1 f 

where aM and b are constants. 
This conditional probability can be found. 

for the average values of constants for each level of car 
ownership mainly 0,1 and-2. For projection purposes it is 
assumed that the function p(n/x) is stable with respect to 
time and that the income distribution relative to the price 
of cars will change i. e., lowering the price of cars re- 
lative to income increases the probability of owning 

a car. 
Family structure distribution. 

Total family size and the number of employees in 

the family are used to define the family structure groups. 
Family size is synthesised by the "Poisson"distribution. 

The probability that a household hag n members of whom (r) 

are employed is then given by : 

(n, r) =eanIP (1-P ) n-r 2.19 
r! (n-r)! (n-l)! nn 

where 

Pn : is the probability that a member of an n member household 

is employed; 

a : average family siz. e -1 (Douglas and Lewis, 1971). 

Using the above expression it is possible to predict for 

each zone the number of households falling into various 

family structure groups. The only input required is the 

average family size and average number of wage earners. Re- 

iteration is then used to combine the separate distributions 

by income, car ownership and family structure in order to 

obtain the allocation of households to the 108 categories. 

2.4.4 Comments on trip generation models. 

Regression analysis suffers from the disadvantage 

that a linear relationship is usually assumed between the 

dependent and independent variables, that the independent 

variables are assumed to be uncorrelated with each other 
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and continuous. When two or more independent variables are 
highly correlated I'Multicollinearity" exists. The practical 
interpretation of multicollinearity is that two or more 

correlated variables are explaining largely the same effect 

and may therefore be considered alternative causes. For 

example, in the Table 5. c examination of a simple correlation 

matrix, produced from the data of Glamorgan land use/trans- 

port study, indicates that employees per household has a 

highly significant correlation (0.685) with household income. 

The income is also correlated with other variables. Con- 

sequently the individual effects of these variables on trip- 

making behaviour would be somewhat obscure if both were 

Table 2. c 

Simple correlation matrix. 

Trips Employee Person Cars Income 

Trips . 529 . 420 . 476 . 505 

Employee 1 . 542 . 441 . 685 

Person 1 . 294 . 431 

Cars 1 . 630 

Income 1 

Source : Douglas and Lewis, 1971. 

included in the regres. sion equat-ion., In fact, in many studies 

thýe main--aause of- 'trip making, -behavi6ur., 1. e the income- - 
for A -level, is di-scajýded' in'-final-equation - 

this r_e-asom-. 

Category analysis has freed the analyst from many 

of the assump. tions and problems inherent in the regression 

analysis. This technique does, however, present problems 

of its own, particularly relating to statistical distribut- 

ion theory and gample size. 

Both methods involve many independent variables. 

This implies costly and time consuming study processes. 

Furthermorep these variables represent factors outside the 

character of the transport network and level of service. 

The structural deficiency of these methods is their 

failure to establish an inter-relationship between the 
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number of trips made and the character and price of trans- 

portation service actually available. This type of fore- 

cast suggests, or at least implies, that the total amount 

of travel is in no way related to the existence of congest- 
ion. Clearly such an assumption is questionable if not 
incorrect (Wohl and Martin, 1967). 

There is evidence that reduction in the time and 

money costs of a trip will increase the number of trips de- 

manded daily (Wilson, 1974). Studies made on both old and 

new facilities show a substantial increase using both roads 

when the new facility is completed. These increases con- 

tinue for several years but at diminishing rates (Matson, 

1975). 

The conventional trip generation methods largely 

ignored "generated traffic" which arises from a greater 

level of service and consequently greater use of vehicle. 

In conclusion, the method of trip generation esti- 

mation will be more realistic if one considers the ease of 

travel which will produce more trips, and also focus on the 

real cause of-trave1 behaviour i. e., the household income. 

In this study a great emphasis is put on formulating a new 

method of trip generation based on sound economic theory of 

demand and supply. 

2.5 TRIP DISTRIBUTION MODELS. 

2.5.1 Introduction. 

Trip distribution techniques are used to estimate 

the number of trips made between pairs of zones once the 

total number of trips starting from, and ending in, each 

zone is known. In other words, each zone is taken one at a 

time, and a determination made of the zones to which its 

produced trips will be attracted. 

Distribution is made on the basis of the attract- 

iveness of potential destination zones and costs or "imped- 

ence" of travel. To fulfil this aim , models are used as 

described below. 



24. 

In general it is assumed in trip distribution that 
there is an existing O-D table. That defines the number of 
trips between the sets of origin (i) and destination zones 
(J). There is also an existing network of links and nodes 
defining the time, distance or cost of travel between the 

zonal centres for all origin zones (i) and destination zones 
(j). Additionally, estimates have been made of future zonal 

trip productions and attractions, (0 
1) and (A 

i 
), for each 

zone, produced in trip generation stage. As estimate has 

also been made of the future network travel impedences and 

it is then required to find, on the basis of these measure- 

ments, the future equilibrium flows (T 
ij 

) between the zones. 

The basic method that is used by all the models 

commences with a calibration phase, in which the model is 

set up to replicate the current pattern of travel. The cal- 

ibrated model is then used to extrapolate into the future 

by applying it to estimates of new 01 and Aj and the travel 

impedence for the design year. Two basic trip distribution 

models are commonly used : "growth-factor models" and 

"gravity models" asoutlined below. 

2.5.1 Growth-factor models. 

The growth-factor models represent the simplest 

form of trip-distribution based on a simple expansion of 

existing interzonal trips by means of zonal growth factors. 

Growth-factor models are still used in current studies for 

the forecasting of those trips that have one or both ends 

outside the study area. This is because for such trips, 

there is a lack of the detailed characterisation of both 

origin and destination needed for more sophisticated models. 

(Stopher and Meyberg, 1977). 

There are many types of growth-factor models, for 

examplep the "uniform-factor model", the "average-factor 

model"Y the 11fratar model" the "Detroit model" and the 

"Furness model". The growth-factor models assume that the 

future interzonal trip movements can be predicted by using 

some measurement of the anticipated growth of trip making 
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within the area being studied. It is assumed that the inter- 

zonal trip transfers will be independent of changes in the - 
network. The primary differences between each of these tech- 

niques lie in the complexity with which the growth factors 

are applied. 

The Furness method presented here is a typical 

growth-factor model. It is, however, necessary to first of 

all introduce the appropriate notation. 

List of symbols used in the statements 

number of trips from zone i to zone j 

t 
ji number of trips from zone j to zone i 

gT 
I 

number of trips generated by zone i 

aT number of trips attracted by zone i (i. e. aT, =t ji 

gT estimated number of "trip ends" at origin zone at 
forecast year. 

aT- 1 estimated number of "trip ends" at destination zone 
at forecast year. 

gF 1 
and aF 

1 
growih factor at origin end and at detination 
end. 

* 

Step 1gF. 
1gT 

aT 
Step 2 aF 

aT. 
1 

Step 3tt, 
j x gF i 

aT aT i 
Step 4 aF, 

aT. Et 
ji 

Jý; 

it If 
Step 5t ji t ji 

X aF i 

gT I gT i 
Step 6 gF, 

gT Et, ijIij 

Repeat from step 3 till stable results obtained. 
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The statement given for Furness method deals with 
directional movements from one zone to another. The method 

may also be applied to non-directional movements. The 

accuracy required of these calculations in practice should 

not be more than 5%. The method achieves a smaller improve- 

ment in accuracy with each successive iteration (Ait- 

ken, 1965). 

2.5.3 Gravity models. 

The gravity model is in fact the best known model 

of spatial interaction which is defined as the flow of act- 

ivity 
. 

between different zones. For almost 100 years re- 

searchers have used analogies to Newtonian gravity to ex- 

plain the movement of groups of people. This concept can 

be used to describe person trips of vehicle trips especially 

in urban areas. 

In mathematical terms the model is based on the 

hypothesis that the interaction between an origin zone i 

and a destination zone j is : 

. 
(i) directly proprtional to the demand generated (or 

produced) at the origin zone i 

(ii) directly proportional to the number or size of the 

opportunity (or attractions) in the destination zone, j; 

(iii) proportional to some function of the separation, 

distance, time or cost of travelling. The function being 

one which decreases with increased cost or distance. 

Based on the above hypothesis, there is a family of models 

rather than one model. 

According to assumptions made above, the general 

form of the gravity model can be stated as : 

T = KD 01 (2 A f (C 
i ij 1 j 

T is the interacti on bet ween zone i and zone J. (num- 
ij ber of trips), 

0 is the activity in the origin (total number of trips 
1 produc ed by zone i) , 

D is the activity in the destination (total number of 
trips attracted to zon e j), 
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f(C 
ij 

is some function of generalised travel cost or im- 
pedence between i and J, 

K is a constant of proportionality. 

A well known form for the function of generalised 

travel cost has been Tanner's function. 

--X c 

(c ij 
en 

ij 

c ij 

(2.2) 

where X and n represent parameters or coefficients of cali- 

bration, to be found from base year data and assumed to re- 

main constant for future years. 

The model presented in equation (2.1) represents the 

unconstrained situation for there are no constraints on the 

origin or destination of trips. However, the model is 

usually subject to an overall accounting constraint of the 

form. 

EEjTij=T (2.3) 

(see Table 2. e) 

where T is the total number of tr 

The gravit. y model has to 

at one end, origin or destination 

at both production and attraction 

These constraints can be stated as 

ips in the area. 

satisfy constaints, either 

(single constraint), or 

ends (doubly constrained). 

follows : 

= 

= 

(2.4) 

(2.5) 

and note that 

Z 
15 ij 1 

5 Dj = 

The appropriate model satisfying constarint equations (2.4) 

and (2.5) is written as :- 
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Table 2. e 

Destination zones 
Origin 
Zones 

1 

2 

3 

i 

T. 
1 ij 

TRiRMATRIX 

23 

T 
12 

T 
13 

Tij 

T 
21 

T 
23 

T2j 

T 
31 32 3j 

T 
in 

2n 

T 
3n 

T 
12 

T 
13 

T 
ii 

T 
in 

@im 5Li 

02 

03 

01 

T 
nl 

T 
n2 n3 nj n 

DDDDDTT 
123n1j ij 

Note : It is necessary in any study to provide a Trip Cost 

Matrix corresponding to the above Trip Matrix. 
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T 
ij =AiBj01Dj f(c 

ij 
) (2.6) 

In this case the term Ai and Bj, which are called "balanc- 

ing" or "normalising" factors, replace the constant K, i. n 

(2.1) AI and B can be found by summing (2.6) over j and i 

respectively and these terms evaluated as : 

A, = ZB D f(c 
(2.7) 

iiiij 

Bj =1 (2.8) JA, O, f(c 
ij 

for doubly constrained situation the production-constrained 

model is subject to constrained equation (2.4) and is 

written as : 

T 
ij =A10iDj f(c 

ij 
) 

A. = 
1 

1 

5"1 

(2.9) 

As there are no constraints on the destination in (2.9), then 

in general the predicted and actual amounts of trip in j are 

not equal, that is : 

ZT 

In a similar way, the attraction-constrained model is only 

subject to constraint equation (2.5), and the model is 

written as : 

Bj0iDj f(c 
ij 

) (2.10) 

zo 
if 

(c 

"The equation describing the frequencies of different trip 

distributions can be interpreted as an entropy of the system, 

and Wilson's method is referred to as the method of "entropy- 

maximisingit, 
Entropy is maximised subject to accounting 
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constraints such as those in (2.4) and (2.5) and also sub- 

ject to a constraint on the cost of travel C. In the case 

of production-attraction constrained model, this constraint 

is of the form, (Batty, 1976) . 

jcij= 
(2.12) 

Although the original application of this approach was in 

the field of transport, Wilson has extended the method for 

residential location behaviour and housing. The cost con- 

straint as in formula (2.12) assumes that there is a total 

cost budget for travel . 

2.5.4 Comments on gravity models. 

"All forms of the gravity model make the assumption 

that size of origin, size of destination and distance be- 

tween these places are independent variables. Parameter 

values obtained should consequently have meaning and a gen- 

eral factor, which we may call friction of distance, should 

be available for i'nterpretation. However, it is fairly 

obvious that flows will depend on the spatial distribution 

of jobs and homes a nd one wonders how the gravity model 

takes this into account" (Sayer, 1977). 

Regarding the dynamic of the society, and the nat- 

ure of space-economy, and change in map pattern of almost 

all activities in urban areas in long-term, one cannot ex- 

pect the parameters of the model to hold constant during 

the process of urban change. Because of lack of time series 

data a firm conclusion cannot be stated about stability of 

the parameters over a period of time. 

The gravity model does not take into account the 

behaviour of the "analysis unit" i. e., the household. The 

phenomenon of higher income people to make longer trips both 

for work and other purposes is a real life fact.. 
-.. 

If this 

is taken into consideration the trip distribution model 

should be applied by household income group. 
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2.6 MODAL CHOICE MODELS. 

2.6.1 Introduction. 

The modelling stage termed "modal choice" or modal 
"split" is concerned primarily with an attempt to allocate 

person trips to the various alternative modes available. 

It is usually concerned in practice with dividing trips 

between cars and public transport (buses, etc. ). The basic 

interpretation of modal split is the assumptions that tra- 

vellers make rational choice between the available modes, 

based on : 

(a) characteristics of those modes 

(b) characteristics of the traveller himself. 

It is assumed that this evaluation is performed within the 

constraints imposed by the purpose and destination of their 

trip. and their attitudes towards alternative transportation 

system characteristics. 

There are basically two types of modal choice models, 

the type being determined by the point in the modelling pro- 

cess where they are considered to operate. These two types 

are presented'in the following sections. 

2.6.2 Trip-end models. 

Al'Trip-end model precedes trip distribution, and has 

as its function the prediction of the split of total trips 

generated by each zone among the available modes. The trip- 

distribution phase, which follows the trip-end model-split 

model, involves the construction of separate distribution 

models for each model' (Stopher and Meyburg, 1977). 

Trip end models usually estimate total public trans- 

port share of trips to all destinations from each origin 

zone.. For this purpose the regression analysis is mostly 

used. In general, these kind of models are able to repro- 

duce the survey data to an adequate level of accuracy. How- 

ever, these models still leave a considerable amount to be 

desired in their ability to produce acceptable forecasts. 

This is largely a result of the fact that the models are 
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not based on sound reasoning of the actual processes that 
determine choice of transport mode. The independent var- 
iables used were not directly related to the level of ser- 
vice provided by public transport. Consequently resultii. from 
most of the tkip-end moddls:: -were unsatisfactory. 
2.6.3 Trip-interchange modal choice model. 

The other principal type of modal choice model is 

termed trip interchange model, because it seeks to split 

each trip-interchange volume between the available modes. 
The choice or-"split" between two modes is seen in 

this model as a function of four variables which desckibe 

both the transportation alternatives between each pair of 

zones and the socio-economic characteristics of the people 

who avail themselves of the &Iternatives (Dickey, 1975). 

These variables are 

i. relative travel time (TTR) 

ii. relative travel cost (CR) 

iii. economic status of the tripmaker (EC) 

iv. relative travel service (L) 

TTR represents the ratio of the door-to-door travel time by 

public transport to that by car. 

CR represents the ratio of cost of the trip by public trans- 

port to that by car. 

EC represents median income per worker in the zone of trip 

production. 

L represents travel time ratio, other than "in-vehicle-timell 

Having interpreted these variables in a definite 

manner, regression analysis might be utilised to relate the 

two variables of public transport share of trips and re- 

lative travel time (TTR). These were then constituted within 

each discrete stratification of CR, L and EC, and graphically 

presented in form of diversion curves (see Figure 2.3). 

2.6.4 Comments on modal choice models. 

The division of trips between the modes of trans- 

port available can be done before, or after, the distribut- 

ion stage. In the former case the effect of transportation 
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system efficiency on mode choice is lost and in the latter 

case movements between zone pairs cannot normally be affected 
by mode characteristics (OECD, 1974). A potentially fruit- 

ful approach may be based on economic background and histor- 

ical behaviour of traveller in mode choice and consequently pre- 
dicting the percentage share of public transport. In this 

consideration, relevance will have to be given to the level 

of service provided by each mode. 

2.7 TRAFFIC ASSIGNMENT. 

2.7.1 Introduction. 

Traffic assignment constitutes the final stage in 

the travel forecasting process. This step involves the 

allocation of the distributed volumes of trips, by mode, to 

individual network links. It represents the choice of routes 

for. a fixed journey between a pair of origin and destination 

points (or zones), to minimise certain criterion. This cri- 

terion may be distance, time, cost, convenience, or some 

other quantity - o'r indeed some quality - which is difficult 

to quantify. It is also possible to use as the criterion, 

f1generalised cost", ' which depends on a certain combination 

of each of the individual variables. 

Results of assignment calculations provide data for 

reviewing traffic flow, network efficiency and evaluation of 

the location of present and proposed transportion facilities 

together with economic feasibility of proposed changes in 

the network,, etc. 

The assignment of each vehicle journey to a route 

through the road network is a process which can be performed 

in many different ways. Three techniques are described : 

(1) all-or-nothing, (2) multipath and (3) capacity restrained 

assignment. 

2.7.2 All-or-nothing assignment. 

The basic principle of all-or-nothing assignment 

is that all drivers will follow the shortest route from 

origin to destination and no drivers will follow any other 

route. When two or more equally short routes exist for a 
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journey, then all traffic making in that journey is divided 

equally between the routes. 

The principle of all-or-nothing, introduced by 

Wardrop, 1952, and its popularity in the fifties, was due to 

its simplicity in concept and application. However, this 

technique often leads to unrealistic over and under loading 

on some links., so the concepts of multipath and capacity- 

restraint are evolved. 

2.7.3 Multipath assignment. 

The multi-path technique of traffic assignment has 

been developed from the "all-or-nothing" method to allow for 

the effects of driver perception, and for almost equally 

short routes. The method consists of a sequence of "n" all- 

or-nothing calculations (iterations), each constructing its 

trees on the network with a (different) unique set of jour- 

ney units. Each load is a proportion of 1/n of the total 

traffic to its shortest path, traffic flows on each link, 

and are formed by ýhe accumulation of journeys passing along 

the links each time they are part of a tree. 

Journey unit values given in the original road net- 

work description for each pair of adjacent links and are 

taken as being the mean values of distribution of journey 

units. For each all-or-nothing calculation in the sequence, 

a particular journey unit value is selected by random sam- 

pling from each distribution. This sampling process pro- 

duces some values greater than the mean and some less with 

a tendency to give a unique set of journey units for each 

iteration. 

The most commonly used distribution is either "nor- 

mal", with a spread of values defined by its standard de- 

viatio. n. or "rectangular" with a spread defined by its range. 

Actual value of the standard deviation or range may be con- 

stant for all distribution set, or it may be stated 

as a constant percentage of each distribution mean value. 

The assignment of traffic to a road system by multi-path 

technique implies that each section of road has an infinite 
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capacity. To improve the realism of the calculation, the 

capacity-restraint method is introduced. 

2.7.4 Capacity-restrained assignment. 

Different approaches are used to relate the amount 

of flow on each link with expected speed at that volume 

through "speed-flow" relationship, using an iterative method 

to adjust link time for the next iteration. 

The method used in the University of Strathclyde is 

as follows : 
If 'In" iteration is specified, then -1 of the traffic 

n 
from each origin is assigned in each iteration. To apply the 

speed-flow relationship correction for the next iteration, 

the flow actually assigned to a link is "projected forward" 

to the end of the calculation. The object is usually to 

reach a stable result for all links in the network while 

using the smallest number of iterations possible. 

One of speed flow relationship is formulated by the 

Bureau of Public Road (Assignment Manual, 1964). 

TN = To_ 
[(1+0.15 

(V/C) 
4] 2.13 

in which 

TN the link travel time at the assignment volume 

T0 base travel time at zero volume, and 

TA=T0+ (T 
N_ 

T) /4 

Where TA is the adjusted travel time for the next iteration 

(only one quarter of the adjusted difference is applied to 

minimise oscillations in loading through successive iter- 

ations. 

In Britain, Department of the Environment, intro- 

duced a speed flow relationship for use in transportation 

studies as follows : 

Vc 
v 

Vc 
11 8L 

(E-1) 

where 

214 

\ 



36. 

v= speed at demand flowo Q, which is greater than Qc 
the limiting capacity pcu/h/lane (km/hr) 

Vc speed at limiting capacity Qc (km/hr) 

L= linke length (km) 

E= R- 
where Q is the demand flow (pcu/h/L) Qc 

Dif fe rent class if i cations are made for rural, suburban 

and urban roads, and the resulting relationships can be 

presented graphically (see Figure 2.4 for urban area). 

2.7.5 Comments on assignment techniques. 

In general, all the techniques discussed in this 

section have been based on assignment to a minimum path 

through a network. The assignments are founded upon the 

hypothesis that the basis of route choice is a considerat- 

ion of travel time only. 

The simpler all-or-nothing assignments generally 

show problems of instability and lack of realism in that a 

very small difference between two alternative routes pro- 

duces a mass switching to the shortest route. Although the 

other methods, multipath and capacity restraint, produce cer- 

tain refinements in'the assignments, procedure, they also 

introduce some artificiality into the process. Their struct- 

ure of simulation makes the procedure of calibration less 

valid than is the case in other models. 

A new method suggested in this study for assign- 

ment technique provides a better understanding of the char- 

acteristic unit of route choice. 

2.8 SUMMARY. 

Large-scale computerised models f orm the glamour- 

ous end of demand forecasting and have accordingly attracted 

a great deal of attention. However, these models rely on 

behavioural hypotheses which are often much cruder than the 

apparent sohpistication of the main model. The calibration 

processo no matter how carefully carried out, rests on very 

simple assumptions such as the propensity to travel, modal 

choice, etc., and are related to a small set of easily 
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measured factors. Some assessments of the reliability of 
these assumptions can be achieved by examining their stab- 
ility through historic timep (Bayliss, 1977). The sophisti- 

cation of model technique is questionable until the behav- 

ioral basis is strengthened. This requires very careful 

in-depth analysis of travel behaviour of different types of 

people, in different circumstances and their response to 

change in transport service quality as well as their own 

income. 

Moreover, this in-depth research reaches the point 

where land use/transport models ' sin1le mode demand models 

and measurements of elasticities of demand come together. 

Its success therefore contributes not only to the better per- 

formance of different families of models but to their link- 

age and therefore towards a generalisation of the theory of 

transport demand. 

A research group of the Organisation for Economic 

Cooperation and DE, velopment (OECD) prepared A report in 1974 

on the possibilities for improvement and simplification of 

urban traffic model. s. The classical type of detailed trans- 

portation study takes too much time and money. It in- 

volves the collection and analysis of large volumes of data 

and the running of complex and costly computer models. This 

process is unwieldly, inflexible, slow, and it is not certain 

that the level of detail and accuracy is well matched to the 

planning phases concerned. The OECD stated that simple, and 

reliable traffic models are urgently needed(Leibbrand, 1977). 
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CHAPTER 3 

THE ECONOMICS OF TRAVEL, 1 

DEMAND FOR TRAVEL 

3.1 INTRODUCTION. 

Basically any demand for travel from the need to fulfil 

consumers satisfaction. Trips are usually intermediate 

goods, which are jointly demanded with other economic goods. 
The trip then forms an integral part of some larger activity 

such as shopping, work etc. (the usual trip-purpose class- 

ification presented earlier in Chapter 2). 

In the economic sense, demand is the quantity of 

a coýmmodity or service which consumers wish, and are able 

to. buy at a given price in a given period. Demand in econo- 

mics thus goes beyond the every day notion of 'desire' or 

'need' and unless the desire is made effective by ability' 

and willingness to pay it is not 'demand'. 

"The amount of a commodity that a consumer will 

be prepared to buy in a given period depends upon the price 

charged, the quality of the commodity, the service supplied 

with it, the price of related (substitute or complementary) 

commodities, his preferences between alternative commodot- 

ies, his income and his expectation (of future income and 

prices)". (Seldon and Pennance, 1975). To relate quantity 

demanded to so many variables at once it not practicable. 

The economist therefore attempts to isolate what he con- 

siders (either intuitively or from observation of events in 

the market) to be the most important variable and to relate 

the quantity of demand to any change in it, assuming all 

other things constant. In this way demand is generally 

expressed in relation to price. Observation of the behaviour 

of buyers in the market then yields the following basic 

generalisationp or the law of demand" "That is , the greater 
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the amount to be sold, the smaller must be the price at 
which it is offered in order that it may find purchasers, 
or, in other words-- the amount demanded increases with a 
fall in price, and diminishes with a rise in price" (Mar- 
shall, 1920). But demand can also be expressed as a funct- 
ion of income, service, quality, etc. 

The movements of people within an urban area can 
be regarded as an economic good. The consumption of travel 
activities necessarily requires an allocation of scarce time 
And money resources. Although transport studies have re- 
cognised the economic nature of travel, they have in general, 
neglected the analytic techniques of economics. "The prin- 
ciple of economics, which provide explanations for other 

economic phenomena, should also apply to consumer behaviour 

in urban travel", (Walter and Shuldiner, 1967). 

According to the law of demand, every fall how- 

ever slight in the price of travel (for car-, pence/Km) will, 

all other things being equal, increase the total travel dis- 

tance of a househoid, and consequently the number of trips 

will increase. Obviously this phenomenon must be reflected 

in trip generation models. 

It is instructive, and helpful, to express the 

law of demand in a graph. If price is measured vertically 

(on Y axit) and quantity horizontally (on X axis), then if 

the price is assumed to change continuously by small amounts, 

the law of demand given above would yield a smooth "demand 

curve", falling from left to right indicating that the lower 

the price the larger the demand. Diagram 3. a 

3.2 ECONOMIC ANALYSIS OF TRAVELLERS 11 BEHAVIOUR. 

The individual, in order to engage in some act- 

ivities, is forced to spend some of his time in travel to 

work, to shop etc., and unless he walks, he must lay out 

money cost as well as time. The combination of time and 

money costs of travel is usually termed the "generalised 

cost,, of travel. 
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"The time and the money, or generalised cost, 
which has to be spent travelling to engage in an activity 
or purchase of commodity, forms part of the price of the 
activity or commodity, just as much as the direct money out- 
lay involved when the destination is reached and the activ- 
ity enjoyed or commodity bought. This implies that the price 
of the activities the individual may wish to engage in, or 
commodities he may wish to buy, has two components :- first, 

that of access to them and second, the price at the destin- 

ation", (Harrison, 1974). 

Generalised cost of travel can'. -be reduded. by 

investment in a facility such as a road which reducesi jour- 

ney times as well as money costs of travel. For the tra- 

veller two basic consequencies follow: 

(1) Because the generalised cost of his existing 

jour'neys are reduced, the income of the consumer is directly 

increased either by an increase in the money he has avail- 

able to spend on o, ther goods or services (if money costs 

have been reduced) or indirectly by an increase in the time 

he has available (if journey has been speeded up). This can 

be used to generate more income if additional employment 

opportunities are open to him. The time saved can alter- 

natively be spent on activities which yield "utility" 

(utility in economics is the power of a commodity or service 

to give satisfaction by meeting a want) directly to him. 

(2) The relative prices of the various commodities 

or activities to which he allocates his time and money are 

altered, because the components of their price to him con- 

sists of the generalised cost of travel which has changed. 

In general he may be expected to shift his behaviour in fav- 

our of those activities the price of which, in terms of gen- 

eralised cost of access to them, has fallen most. That is, 

he will tend to change his travel pattern in favour of 

activities which are at'-further distances from his location, 

from activities he formally carried out at or near home. 

The frequency, destination and the J, ength of the trip he 

makes will be increased as a result. 
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3.3 THE MEASUREMENT OF BENEFITS. 

In diagram 3a the demand curve DD drawn for con- 

venience as a straight line, shows the quantity of travel 

demanded with price. 

> 
cs 
N 

4-) 

CH 
0 

4) 

oc C) 2 

Quantity of travel 

Demand curve 
Diagram 3. a 

At high prices very little transport would be demanded, and 

most activities would be carried out at home or within a 

very restricted radius which would often need only a walking 

trip (walking trips according to the definition put forward 

in transportation planning process are not considered as 

"trips"). As cost falls, demand for travel generally in- 

creases and journeys become longer and more frequent, re- 

flecting the various adjustment of the traveller's behaviour 

A measure of the effect brought about by a road 

improvement can be defined by considering how a change in 

level of generalised cost from C1 to C 
2' 

This leads to an 

Ql Q2 
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increase in the quantity of travel demand from Q1 to Q 
2* 

A classical study of "consumers' surplus" is 
generally associated with the name of Alfred Marshall (Mar- 
shall, 1920) who defined the measure of a consumers' surplus 
as "the excess of money a consumer is willing to pay over 
the amount he does in fact pay". In this example, the area 
C1D1 AC 

2 represents the consumers' surplus. in Cost-, Benefit 

analysis this area is usually regarded as a directbenefit 
due to reduction of cost from C1 to C 

2' * It represents a 
fall in the generalised cost of travel currently being * 

carried out on those trips made before the cost change. The 

second component area D1AD2 corresponds to the second type 

of response to a change in generalised cost, the various 
shifts of behaviour of those activities which involve more 
travel, longer trips, more frequent trips or new trips (gen- 

era te d trips). The amount of benefit gained per vehicle 
kilometer travelled is not the same for this source of 
benefit as it is for the first. The amount varies, just to 

the right of the pýint D, in Diagram 3a, the extra unit dis- 

tance of travel induced by the reduction in generalised cost 
lead to a benefit, but as a point D2 approached, the benef it 

diminishes until at point D2 it disappears entirely. The 

average benefit thus can be seen to be half the cost change. 

The quantity of travel demand can be considered 

in terms of number of trips or total distance travelled for 

the consumer while generalised cost can be expressed in 

terms of pence/km. 

3.4 ELASTICITY OF DEMAND. 

3.4.1 Introduction. 

The rate at which the quantity demande. d changes 

in res I ponse to changes i. n any of the determining factors is 

described in terms of a series of elasticity concepts. 

Alfred Marshall, 1920, introduced the concept of elasticity 

of demand into economic theory. He said that "the elastic- 

ity (or responsiveness) of demand in a market is great or 

small according to the amount demanded increases much or 
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little for a given fall in price, and diminishes much or 
little for a given rise in price". 
3.4.2 Price Elasticity. 

The price elasticity of demand (e ) may be ex- 
p 

pressed according to the above definition as : 

0= proportionate change in amount demanded 
p proportionate change in price 

change in amount demanded change in price 
amount demanded price 

in Diagram 3. a 

Ql - Q2 c1-c2 

p Ql c1 

This- formula in fact gives the point elasticity of demand on the 

demand curve, which measures the effect on the quantity de- 

manded of an infinitesimally small change in price, if 

I 
p= price and q quantity demanded, the general shape of 

the formula is 

-dq . dp 
elasticity of demand =q*p (3.2) 

for very small changes in price, with elasticity over a, -small 

(strictly infinitely small) range of the curve. The formula 

for measuring point elasticity of demand g1ves reasonable 

answers only if the changes in price and quantity are not 

too large. However, it is sometimes required to measure 

elasticity of demand over a substantial range of a demand 

curve, because a fairly large change in price has occurred. 

"A second formula for elasticity of demand is therefore used, 

which allows us to measure what is known as "arc" elasticity 

of demand. It measures elasticity of demand over a range, or 

an arc, of a demand curve". (Stonier and Hague, 1975), like 

the range of D1D2 in Diagram 3. a. the second formula is : 

Q1 - Q2 C1 +C2 

arc elasticity of demand (e) C1- C2 x- Q1 
(3.3) 

+02 
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This formula actually gives the average of the old and new 

prices and the average of old and new quantities. It will 

be noticed that elasticity of demand should be represented 

by a nagative number because Q1-Q2 is negative. 

3.4.3 Significanceof Elasticity Measures. 

In formula 3.3 

Ql Q2 
xIc1+C2 (3.3) c1Q1+Q2 

Assume e= -1. 

then 

c 2)(Ql +Q 2)] = (Ql-Q2)(Cl +C 2) 

the formula can be reduced to : 

QlCl = Q2 c2 (3.4) 

This means that the rectangles C1 OQ 
1D1 and C2 OQ 

2D2 
inscribed 

under the demand curve are both of exactly the same area, as 

shown in Diagram 3'. a. Looking at the economic significance 

of these rectangles, it is clear that the area of such a recti- 

angle shows total expenditure, or total outlay, on the comm- 

odity at the price in question. In other words, it means 

that the percentage change in quintity demanded is just 

equal to the percentage change in price which gives rise to 

it. Otherwise elasticity would not be unity. Consequently, 

the total expenditure before equals total expenditure after. 

In formula 3.4 there are only two other poss- 

ibilities; 

1. Ql c1>Q2c2 (3.5) 
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C 

Q 
"1-4 

CI 

Amount demanded 

Case 1 

C 

-r4 
14 

124 

C 

Demand curve 

Diagram 3. b 

Amount demanded 

Case 2 

In Diagram 3. b, Case 1 represents this condition given by 

formula 3.5. The total outlay before is more than total 

outlay after. The fall in price from C1 to C2 led to a 

small increase in quantity demanded, or the proportionate 

change in quantity demanded is less than proportionate 

change in fall in price. This implies that elasticity of 

demand is less than unity. In ecohomic terms the demand 

is "inelastic". 

2. Ql c1< Q2 c2 (3.6) 

Case 2 represents this condition given by formula 3.6. The 

total outlay before is less than total outlay after. The 

fall in price from C1 to C2 led to a large increase in quan- 

tity demanded. In other words, proportionate change in 

quantity demanded is larger than- the proportionate change 

in fall in price. This implies that numerical elasticity 

of demand is more than one. In economic terms, the demand 

is "elastic ff 

0 Ql Q2 
-L Ad 
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To sum up the relationship : 

"Whenever numerical elasticity of demand for a 

product is greater than one, a reduction in its price will 

increase total expenditure (outlay) on that product. When- 

ever numerical elasticity of demand for a product is less 

than one, a reduction in its price will reduce total outlay 

on it. And, whenever numerical elasticity of demand for a 

product is exactly equal to one, a reduction in its price 

will leave total outlay completely unchanged. It follows 

at once that similar-relationships will hold for increase in 

price. -'--If_the--price of a product is increased, then total 

expenditure on it will fall if elasticity of demand is-, (gre. ater 

than one, but will rise if elasticity is less than one. 

Again, total outlay will remain unchanged if elasticity of 

demand is just one (Stonier and Hague, 1975). 

3.4.4 Income Elasticity of Demand. 

Income elasticity of demand may be defined anal- 

ogously to the pri, ce elasticity as : 

= 
dq dy (3.7) 

e, qy 

where y is income and q is quantity demanded per period of 

time (Gwilliam and Mackie, 1975). The latter also stated 

that the income elasticity of demand for person movement is 

relatively high. This is partly because transport services 

themselves, and particularly the more expensive forms of 

transport, are viewed as a luxury and the consumption of 

which., by definition, increases more than in direct proport- 

ion to increase in income. However, it is partly because 

the demand for person movement is derived from the demands 

for other luxuries such as residential locations far re- 

moved from work places, recreational visits to distant parts 

and so on. 

3.5 DEMAND AND INCOME. 

Generally, personal money incomes take the form 

of, and are measured by, wages, salaries, interest, profits, 

dividends and rent. For any household, income represents 
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the total earnings of all its members. If income rises a 
consumer will tend to buy more of a commodity than before. 

In a graph, this relation would be represented by a shift 

of-: 'the whole demanded curve to the right. Diagram 3. c re- 

presents three demand curves, for low, medium and high in- 

come levels. A commodity demanded at any given price, by 

each income group, is shown by Q VQ2 and Q3 respectively. 

C 

4-) 
m 

3 

Izi 

Quantity demanded 

Demand curve for income groups. 

Diagram 3. c 

An apparent contradiction is "inferior goods", which is de- 

fined as "the consumer consumes less when he is becoming 

richer". However; transport services themselves, partic--_ý_ 

ularly the more expensive forms of transport as mentioned 

earlier, are viewed as a luxury. 

Income significantly affects the total amount of 

transport consumed at any given service level. "The higher 
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the income level, the greater the number of trips made" 
(Gwilliam and Mackie, 1975). The latter also stated that 
the effect of income on trip generation can be viewed as con- 
sisting of two components : 

1. The average number of trips per household per 
day increases with income increases both for car-owning and 
for non car-owning households (see Figure 3.1. a) 

2. For any given level, the number of trips per car- 

owning is greater than that of a non car-owning household, 

as'shown in Figure 3.1a. But, as Figure 3.1b shows, the pro- 

portion of car-owning households., with the higher trip gen- 

eration rate, also increases with income. Accordingly, in 

this study the household as a unit of trip generation is 

classified into a number of income groups (Section 5.2.1). 

3.7 VALUE OF TIME (VOT). 

3.7.1 Introduction. 

Time as a resource, is part of generalised cost 

of travel. To express generalised cost in a single index 

of cost, it is necessary for weighting to be given to time, 

or value of time, expressed in money terms. This section 

will be devoted to describing methods used in analysing the 

value of time and its use in transportation study. 

3.7.2 Methods used in Evaluation of Time. 

Many mode choices have a value of time implicit 

in them. One example that has been much studied is the 

choice between a slow cheap mode and a faster expensive mode. 

If a person in such circumstances chooses to pay x pence to 

save y minutes, then he is revealing an implicit valuation 

of his time of at least x/y pence per minute. 

Most British studies have tried to explain the 

choice of travellers by equating time to money value. 

Usually-, because of the problem of data checks, attempts 

have been confined to commuter's behaviour.. This situation 

offers a number of advantages for estimation purposes. This 

is beacuse travellers are repeating the journey regularly 

and may therefore be fairly well informed concerning the 
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alternatives. Genuine time/money trade-off situations fre- 
quently occur. 

The technique used by Beesly (1965) in the anal- 
ysis of the journey to work was by plotting on a graph the 

cost in money and time for each traveller showing the advan- 
tange or disadvantage of the chosen mode as in Diagram 3. d. 

Money (+) 

Time (-) 

Money (-) 

Time 

Save 

Pay extra 
Diagram 3. d 

The travellers for whom the quickest mode is 

also the cheapest appear in quadrant (C) of the graph. For 

others, however, the quickest will be more expensive than 

the alternative. If they choose the cheaper, they will 

fall in quadrant (A). 

An inspection for the best estimate of the value 

of time is easily undertaken on the graph. The slope of a 

straight line through the origin in quadrant A and B gives 

a "trade-off" rate of value of time. To be explained as 
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rational, individuals need to be to the right of the line in 
both quadrant A and B. 

Other studies of the value of non-working time 
shows that the value of time saving is related to income 
"falling between 15% and 50% of the average wage rate for 
the group" (Gwilliam and Mackie, 1975). It is generally 
agreed that the level of income will affect the choice of 
travel mode, the income variable has been-handled in modal 
choice either by substratification or as variables. 
3.7.3 (VOT) in Cost-benefit Analysis. 

Cost-benefit analysis can be defined as an aid 

to decision making in the public sector; it attempts to 

make economic assessment of projects for which the market 

mechanism may not provide an optimum allocation of resources 

because of difficulties of deciding who the beneficiaries 

are and to what extent they benefit. The cost benefit 

analyst attempts to enumerate and evaluate benefits to those 

who may accrue such benefit and apportion costs to those who 

are deemed should pay. An agreed criterion is then used to 

make an economic 'judgement on individual projects or to 

rank projects according to their economic worth. 

COBA is a method frequently employed by The Depart- 

ment of Environment (DOE) in the U. K... for economic evaluation 

and appraisal of highway schemes. They state that: - "The 

returns to the community which are measured to set against 

the capital costs are simply the cost savings to the road 

users, which are divided into three components, viz., time 

saving, savings in the costs of vehicle operation and 

savingsin accidents. By comparing the overall character- 

istics of the new road with what it has superceded, the re- 

lative distances and travel speeds (hence vehicle operating 

costs and time saving) are obtained, together with the ex- 

pected accident saving, over a whole year. Of these three 

components of the total benefit, the most important gener- 

ally is the time saved by travellers. For the typical 

scheme this constitutes something like 60% of the total 

benefit" (COBA, 1973). 
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Consequently, upon the application of Cost 

Benefit Analysis, as enunciated by (DOE) 1973, a more recent 

analysis into the amount of time s-x-v, 1-nt'in'dic'ated--th-at: "All 

time savings are taken to be of value and are divided be- 

tween working and non-working time. On average, 80% of the 

quantified benefits from a typical trunk road scheme are de- 

rived from time savi-ng. If working time is saved, it is 

assumed that opportunity arises for extra productive activity 

which is of value to society as a whole. If leisure time is 

saved the benefits accrue to the individual, in as far as he 

finds this extra time of value to himself, it is counted as 

a social benefit in the analysis", (Leitch, 1977). 

Working time is valued at its cost to the employ- 

er. This equates the employer's cost with the value of the 

extra output he gains from the employee. Thus savings of 

work. ing time are assumed to be used by the employer in extra 

output. So a certain percentage of vehicle occupants 

travelling in working time must be estimated. 

Whilst'the value of working time is based on the 

gross wage rate of employees, no direct market values exist 

for non-working time savings. These encompass a wide range 

of activities from travel to work, shopping, leisure etc. 

The values adopted are therefore based on observation of 

peoples behaviour, on the view that in their day to day de- 

cisions they implicity reveal a valuation of their non-work- 

ing time as described in Section 3.7.2. 

In a sensitivity analysis of COBA carried out in 

the Leitch report the results of increasing 

and decreasing working time values by 20% are shown. The im- 

pact on scheme evaluations is fairly uniform and is signifi- 

cant. It follows from this that the values in use should 

be as 
. accurate as possible and that the search for a correct 

f igure has a practical iinportance. 

Table 3. a shows the values of working time used 

by DOE for 1976 as revealed in the Leitch Report. These 

values are assumed to grow over time in line with increasesi, 

in Gross Domestic Product (GDP) per head. 
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Table 3. b is the value of non-working time as 
percentage of wage rate, presented by Watson, 1974 for differ- 

ent studies. 

Table 3. a 

Values of Working Time 

(Pence per hour : 1976 prices) 

Working time 
I 
Value 

All workers 333 
Car drivers 379 

Car passengers 332 

Bus passengers 196 

Rail passengers 407 

Unde rground passengers 360 

Bus drivers 191 

Bui conductors 182 

HGV occupants (1) 178 

LGV obcupants (1) 158 

(1) Excludes HGV and LGV drivers who are classified under 

"all workers" Source, Report of the Advisory Committee on 

Trunk Road Assessment (Leitch Report, 1977). 

Table 3. b 

Value of non-working time as % of wage rate. 

Study (VOT)as % of wage rate Method of Analysis 

Beesley 31-37 lower income Time-cost trade-off 

42-50 higher income behaviour. 

Stopher 42 Logit analysis 

Quarmby 21-25 Discriminant analy-sis 

L. G. O. R. U. 53.5 

E. G. A. M. S. S. 67.5 Logit analysis 

After Watson, 1974. 
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The value of non-working time quoted by Harrison 

and Quarmby (1970) in some countries were as follows : 
American Study by Lisco 40-50% of average hourly income 
French Study 75% of wage rate 

Values from other studies presented by HillS (1976) are shown in 
Appendices -3- and -4-. However, it is clear from Table 
3. b and Appendix-4- that either a universal value of time 
does not exist, or the methods used in evaluation are not 
suitable. 

3.7.4 Time in Network Description. 

The term "behavioural cost" is an expression de- 

scribing the totality of "cost" or disutility incurred by a 
traveller in making a zone-to-zone trip by a particular mode 

of travel. "It is simply that cost which best explains the 
traveller's behaviour within the framework of the model pro- 

cess*es in use" (McIntosh and Quarmby, 1970). The object 
th-erefore is to define a cost function and to suggest para- 

meter values for use in studies. The form of cost function 

suggested by later authors is 

=-B 1X1+B2x2+.... +BX (3.8) 

where b1 is the behavioural cost of travel along a link 11111 

of a network by a particular travel mode. Xl, X 
2 etc. are 

values of factors which are important in determining the 

overall travel disutility as it affects behaviour. B1, B 
2 

etc. are the relative weights of these factors. The normal 

network manipulation and tree building programmes can then 

be used to find "cheapest" routes (using behavioural cost), 

instead of fastest routes as with time. Trees are "skimmed" 

to produce an inter-zonal behavioural cost matrix bj., in- 

stead of an inter-zonal travel time matrix. The behavioural 

cost matrix is then available for use in trip distribution 

modal split and assignment procedures. 

Results of empirical works, recommended that the 

factors which should be included in a behavioural cost funct- 

ion are :- the In-vehicle travel time, walking time, wait- 

ing and transfer time, and the financial cost of travel. 
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The behavioural cost function for a network link is thus: 

b, =B1 (in-vehicle time)+B 
2 

(walking time)+ 

B3 (waiting and transfer time)+B 
4 

(travel cost) (3.9) 

It can also be seen that 
B1 

is the value in travel cost iB 
4 

unit of in-vehicle time, 2 the value of walking time and /B 
4 

so on. For any particular study, therefore, the task is to 

estimate the relative values of the parameter, B, and to 

decide what units to express them in. If b is expressed 

thus in monetary units,, the cost function is in fact re- 

presenting a generalised cost of travel. 

3.7.5 Daily Travel Time. 

Thrift, 1977, stated the following :- "Time and 

space are resources. We must realise that just as we use 

space as a resource, allocating particular portions to par- 

ticular uses, so we use time as a resource allocating par- 

ticular intervals to particular uses". (Thrift, 1977). 

The classical time-budget approach is based on 

the notion'that human activities take time and this activ- 

ity can be measured in physical time units. And since time 

is a limited resource it can be budgeted and allocated etc. 

The time taken to perform tasks is empirically observed in 

various social and environmental settings, usually by asking 

a selected sample of people to fill in diaries for some length 

of time. It is then possible to make all kinds of obserm- 

vations and calculations on how activities are and can be 

performed. 

In Figure 3.2 the daily path of each member of 

five households for different activities, work, recreation 

etc. is shown, while Figure 3.3 represents a typical ex- 

ample of an individual path moving among four places with 

time spent on stationary versus mobile activities in a 24 

hour period. The figure thus shows the relationship be- 

tween time-space path and time-budget. 
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Analysis of National Travel Survey data by Good- 

win, 1977, and of the National Personal Transport Study data 

(U. S. A. ) by Zohavi, 1976, suggests that, on average, people 

spend about an hourper day travelling by all modes as illus- 

trated in Figure 3.4, which refers to the U. K. data. This 

amount represents approximately 6% of the time available for 

the individual for all activities. This suggests that there 

is a time budget for travel, so that as journeys become 

quicker people travel longer distances by car or public 

transport. 

3.8 SCARCITY OF RESOURCES. 
Money and time are resources, realising that just 

as money used, allocating particular portions to particular 

uses so the time as a resource allocatinjg particular inter- 

-vals to particular uses. 

The simple act of moving from some point A to 

another point B in space will take a certain amount of money 

and time (depending on the mode of travel). Work is the main 

source of the indiVidual Is income t "the capability cons-trai: nts 

limit the activities of the individual through both his own 

biological make-up (for instance, the need to sleep) and 

also the capacity of the tools he can command", (Hagerstand, 

1970). Other constraints on work activity are "coupling 

constraints". These arise because it is necessary that in- 

dividuals., tools and materials are bound together at given 

places at given times, i. e., during working hoursp and the 

contraints of authority which limits.. And*-controls-the access. 

The influence of such constraints on individual activity 

is presented in Diagram 3. e. 

While the time supply is reasonably obirious, i. e., 

24 hours per day for each individual, the income supply. can 

only be detected by analysing the statistics of income for 
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groups of individuals at some level of aggregation. The 

amount of time spent on travelling, while engaged in other 

activities. can be assessed by asking for a selected sam- 

ple of people to complete questionnaire forms 

with an indication of time consumed in travel; 

(walking, waiting and in-vehicle time). Money spent on 

travel can easily be calculated from statistics of family 

expenditure survey which usually includes transport and 

vehicle expenditure. 

12 is 20 24 

I, ". 
Mag.. 

--Mal 
Ihr In. Wörkilei»re Ohr* sieep imorneng 

KEY 24 hours 

Gross working hours 

Sloop 

Relation between leisure, gross working hours and sleep for a 
Swedish wage-earner in 1968. - After Lundahl 

Source Thrift, 1977 

Diagram 3. e 

3.9 SUMMARY AND CONCLUSIONS. 

1450000 

Travel can be considered as one of a type of 

intermediate goods, which are jointly demanded with other 

goods. The trip forms an integrated part of some large act- 

ivity such as shopping, work, etc. 
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In an economic sense, to make a trip is to buy 
a trip. Hence the principle of economics, as far as demand 

and supply is concerned (which provides explanations for 
other economic phenomena) should also apply to consumer be- 
haviour in travel. According to the "law of demand" every 
fall in price of travel increases the total distance and con- 
sequently the number of trips will increase. 

However, travel consumes not only money but time 

as well, improvement of transport facilities obviously will 
lead to a fall in both time and money cost of travel, and be- 

cause these two inputs (time and money) are regarded as 
scarce resources, both of them thust be considered in any 
traveller's behaviour. While the users'monetary cost of 
travel can be defined, the monetary value of time as a con- 

cept is more controversial and complicated. 

Hillsp (1976) postulated that "variations (in 

value of time) arise from the use of weighted and unweighted 

elapsed times and modified and unmodified wage rates, as 

well as basic differences in experimental technique. Much 

research remains to be done". Therefore, there is a need 
to find a simple concept to evaluate t-he saved time in a 
transportation study, and an attempt to do this is out- 

lined in Chapter 6. 

Income significantly affects the amount of tra- 

vel consumed at any given service level. The higher the 

income the greater the number of trips made. In the follow- 

ing chapters, the household income and expenditure on tra- 

vel will be analysed, with factors affecting the rate of 

trips, with particular consideration of the effect of petrol 

price changes. 
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CHAPTER 4 

_THE 
ECONOMICS OF TRAVEL, 2. 

-VEHICLE SPEEDS AND OPERATING COST 

4.1 INTRODUCTION. 

Vehicular speed is an important consideration in 

highway transport. The rate of vehicle movement has signif- 

icant economic, safety, time and service (comfort and con- 

venience) implications. Because of its major role in trans- 

portation planning, the method of speed measurement and in- 

terpretation must be clearly specified in any study. Unfor- 

tunately the means of measurement and the method of inter- 

pretation is not usually specified in many studies. 

Measuring vehicular speed at a specific location 

of the highway is Palled "spot speeds". Speed characteris- 

tics obtained from spot speed studies have many applications; 

e. g., assessing the speed on a section of highway, in fact 

means giving a (time) value to that link of the network. 

The mean journey time attached to each link is the most im- 

portant parameter in many stages of any transportation study. 

Vehicle operating costs are found to be a funct- 

ion of speed. In this chapter such a relationship will be 

discussed and a detailed concept of speed and speed meas- 

urement will be presented. 

4.2. DEFINITIONS (Highway Capacity Manual, 1965). 

(1) Speed - the rate of movement of vehicular traffic 

or of specified components of traffic, expressed in kilo- 

meters per hour. 

(2) Spot speed - the speed of vehicle as it passes a 

specified point on a roadway. 

(3) Time mean speed - the average of. the individual 

spot speeds of all vehicles, or a specified c-las-s- o. f- vehicles 

at a specific point on a given roadway during a specified 

period of time. 
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(4) Space mean speed - the average of the speeds of 
vehicles within a given space or section of roadway at a 
given instant. 

(5) Overall travel speed - the total di. stance tra- 

versed divided by the toal time required, including all 
traffic delays. 

(6) Running speed - the speed over a specified sect- 
ion of highway, this being the distance divided by running 
time. The average for all traffic, or a component thereof 

is the summation of distances divided by the summation of 

running times. 

(7) Volume - the number of vehicles that pass over 

a given section of a lane or roadway during a time period 

of one hour or more. Volume can also be expressed in terms 

of daily traffic or annual traffic, as well as on an hourly 

basis. 

(8) Capacity - the meaximum number of vehicles which 

pass over a given section of a lane or roadway in one dir- 

ection (or in bothý directions for a two-lane or three-lane 

highway) during a given time period under the prevailing 

roadway and traffic conditions. 

4.3 TIME MEAN SPEED AND SPACE MEAN SPEED. 

4.3.1 Time Mean Speed (V 
t) 

This can be a fixed time unit used for measurement or in 

interpreting the results, and it is the sum of distances on a 

highway traversed by a set of vehicles divided by the total 

(overall vehicles) of the given intervals of time needed by 

each vehicle to traverse the corresponding distance. Stated 

symolically this definition becomes : 

D. 

t NT 

where 

T 

D. = 
1 

(fixed time) (4.1) 

Unit time of measurement or interpretation of time 

as a fixed unit time. 

Distance travelled by vehicle i in fixed interval T. 
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N Total number of observed vehicles. 

D 

Ni 

where 
5= Average distance per vehicle 

substituting 4.24 into 4.1 : 

VD (average distance per unit time) tT 

(4.2. 

(4.2) 

For vehicle speed in groups, denoting (f) as the 

frequency or number of vehicles with the same speed 

then, 

N=Tf (4.2. b) 

wher. e n is the number of groups, 

and equation 4.1 becomes : 

f. D. 
vt 

f 
(4.3) 

but D. t V. (time constant) (4.3. a) 
II 

Substitute 4.3. a into 4.3 : 

vtýfv 

Ji fiv1 
(4.4) 

týi91fi 

equations 4.1,4.29 4.3 and 4.4 all give the same results, 

and can be applied to the data available. 

4.3.2 Space Mean Speed (V 
S 

"This involves fixed distance instead of fixed 

time so can be defined as the. total of given distances on a 

hIghway travelled by a set of vehicles divided by the sum of 

the times all vehicles take to traverse that distance" 

(Dickey, 1975). Stated symbolically this definition becomes: 
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V 
ND (fixed distance) (4.5) 

ii 

where , 
D=a fixed distance on a highway 

t1= time, vehicles in group i takes to traverse D. 

In equation 4.5, divide both denominations, and numerator 

by N 

D 

tf 

t 

? 

D 
V (fixed distance per average time) 

st 

(4.6) 

(4.6. 

(4.6. b) 

(4.7) 

where t is average or mean time for all vehicles to cover a 

fixed distance D. 

Equation 4.5. 

ND 

ti 

put 

Nf 

D (distance constant) vi 

then, 

(4.5) 

(4.2. b) 

(4.7. b) 

VD 
fi- 

f 
(4.8) 

Dfi 
vv 

Therefore space mean speed in reality is a harmonic mean as 
fi 

in equation 4.8, and the term V represents the density, i-. ýe. 
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number of vehicles per unit distance. On the other hand, 

time speed is an arithmetic mean as in equation 4.4. 

The following hypothetical example makes the 

idea more clear : 
Assume a stretch of highway is 1 km long; a 

observer measures the time needed for each vehicle to travel 

this distance by one of the methods listed in Section 4.5. 
j 

the data and calculations are presented in Table 4.1., the 

point of interest is that, no matter what method is used in 

the measurements, (e. g., fixed distance in this example) to 

measure Vs. but as the analysis and method of interpretation 

shows in Table 4.1., Vt could be calculated as well. 

This can be computed in the following manner 

referring to Table 4.1. 

Table 4. a 

fixed distance l . km for (V fixed time 1 min. for (V 
t 

10 vehicles, each need 1 min 10 vehicles, each cover 1 km 
time distance 

1 
15 vehicles, each need 1.2 min 15 vehicles, each cover km 

1.2 
time distance 

20 vehicles. each need 1.5 min 20 vehicles, each cowez 
1 km 
1.5 

time distance 
1 

5 vehicle, each need 2 min 5 vehicles, each cover - km 
2 

time distance 

This indicates that although the original aim was 

to measure a mean speed over a fixed distance of I ka of the 

highway, it is possible to work out the distances which will be 

travelled by each vehicle in a fixed time period of 1 minute. 

The point which must be stressed is that it 

is not only the method of measurement which must be included 

in reports on transportation study but also the method of analysis. 

4.3.3 Relation between, Vt and Vs. 

General formula for variance can be written as 

follows : 

-2 
cr 

2Z (x -x) (4.9) 
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fx2Efx)2 

fEf (4.9. a) 

where X is the variable under consideration 
2 

variance for V CF tt 

Zfv2Efv 
CF t2Eif 

ti ý: i 
Ef 

ti 

iii 

varianCe of V2 
ss 

f2f12 
VEv 

2svssi 
CY ff (4.11) 

vsvI 

f 
Note. that f. in space mean speed replaced by - because of v 

si 
de-aling with fixed distance. Equation 4.11 can be reduced 

to : 
2 

CY 
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sfifi 
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dividing both sides of equation 4.1l. a by 

fi 
yields the following 
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but 
Efiv 

vt=. Ef (4.4) 

and 

(4.8) 

cr 
sVv (4.11.0 vts 

s 

2 
CT 

vt V+s (4.12) 
sv s 

The relation given in equation 4.12 is originally 

obtained by Wardrop (1952) using a-ýdifferent procedure. This 

relation indicates that time mean speed is always greater 

than space mean speed unless the variance of space mean 

speed equals zero. 

To check the relation on the data given in Table 

1 when 

vt 46 
2= 83.05 and V 44.12 

Vt = 44.12 + 
33.05 

ý 46 kph, which is the (4.12) 
44.12 

same as computed in the table. 

The existence of Vt and V indicates that their 

distributions are different, one in time (V 
t) and one in 

space (V 
s 

(see Figure 4.1). 

To find which mean speeds Vt or Vs can yield 

the original information, i. e., total time and distance 

covered, referring to Table 4.1. 

Vt= 46 kph 

V= 44.12 kph 
s 

fixed distance =1 km 

total time spent by all vehicles =Z fit 68 mins. 
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Assuming mean speed = 46 kph (i. e., Vt 

50 vehicles as in in example needs 
1 

Total time = 50 - 60 = 65.2 min. 46 

Using Vs= 44.12 

a 
Total time = 50 

44.12 
60 = 68 min. 

which is the same amount of time consumed by all vhicles. 

From this it is clear that space mean speed VS 

will reproduce the total amount of time and not time mean 

speed (V 
t 

), and the distance is the same, i. e., 1 km for 

each vehicle-in both cases. 

4.4 THEORETICAL SPEED-FLOW RELATIONSHIP. 

The theoretical-speed-flow relationship is de- 

picted in Figure 4.2 in general, speed decreases as the flow 

increases until the capacity flow, q is reached. In the 
m 

congested portion of the curve, both flow and speed decrease. 

Speed-Density Relationship. 

Density, or concentration is defined as the num- 

ber of vehicles per. unit distance of the road. The speed- 

density relations. hip is presented in Figure 4.2. In general 

speed decreases as density increases. 

Flow-Density Relationship. 

In general, density increases as flow increases 

until the capacity of the roadway is reached. From this 

point on flow decreases as density increases until "Jam 

density" is reached and flow equals zero. Figure 4.2. 

A dimensional analysis of the variables suggests 

the following relationship : (Wattleworth, 1976). 

q (vehicle/hour) = v(km/hour) k (veh. /km) (4.13) 

where 

q= mean rate of flow 

v= space mean speed 

k= mean density 

For practical purposes, however, a simple relation as dis- 

cussed in Chapter 2, is presented in Figure 2.4. 
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4.5 MEASUREMENT OF SPEED. 

The measurement of sample of vehicular speeds 

at a specific location is called a spot speed study. Spot 

speed studies are conducted to determine the speed distri- 

bution of all vehicles passing a particular location under 

the condition prevailing at the time of study (Kell, 1965). 

The data obtained usually contains information about the 

traffic flow, which is also needed in transportation studies. 

Two major techniques are used to obtain speed 

data. One method consists of measuring the time required 

by a vehicle to traverse a measured distance. The other 

method utilises a radio wave reflected from the moving 

vehicle. The following methods are used in speed studies 

(a) Moving observer method (Wardrop, Charlesworth 
(1954) 

-(b) Registration number method (licence-matching 
method) 

(C) Radar speed meter (TRRL, Research on Road 
Traffiq, 1975) 

(d) Enoscope - do 

(e) Aerial photographs. 

(f) Pneumatic tubes (Salter, 1974). 

(g) Loop detectors. 
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4.6 VEHICLE OPERATING COSTS. 

4.6.1 Introduction. 

Vehicle cost estimates are used for a variety 

of different purposes by both central and local government, 
industry and research institutions. These users require 

such statistics for a variety of purposes, e. g., reimburs- 
ing employee's travelling expenses, economic assessment of 

transport projects, indices, market forecasts, etc. 

These different objectives are of a. very spec- 

ific nature, and so cost estimates made with one of these 

objectives in mind may be inappropriate if used for a 

different objective. 

The cost of operating a vehicle consists of 

running costs and fixed costs. Running costs are those which 

are a function of vehicle use and include fuel, oil, tyres 

and maintenance. Fixed costs are those costs which are not 

a function of vehicle use and include such items as insur- 

ance, and road tax. 

However, the inclusion of any item into operat- 

ing cost depe. nds mainly on the objective of the analysis, 

e. g., whether or not fixed costs, petrol excise duty is 

included as a component of consumer's cost. In this study, 

the analysis of vehicle operating cost includes only running 

costs including fuel tax, for reasons which will be outlined 

later in the following chapters. 

Three major categories of cost estimates are 

readily identifiable : 

(a) Empirical expenditure estimates. 

(b) Fixed assumptions, cost estimates. 

(C) Speed related cost estimates. 

Empirical expenditure estimates can take a num- 

ber of forms. The most usual is a household survey, record- 

ing what a household spends on motoring broken down into - 

various categories of capital and running costs. The latter 

are usually mileage related. The data collected in Family 

Expenditure Survey (FES) records the amount spent by each 
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household on cars, broken down into detailed categories. 
Unfortunately no details of mileage is recorded. 

Theoretical (fixed assumptions) cost estimates 

have a different conceptual base. For some price indices 

and when estimating the long term expenditure in costslthere 

is a need for a set of estimates with rigid behavioural 

assumptions from which an index of costs may be constructed. 

Theoretical cost estimate indices will thus 

show how vehicle running costs are changing and the empir- 

ical surveys will show how people are reacting to such costs. 

The Automobile Association (AA) publish two 

estimates on motoring costs which are prepared by separate 

departments within the Association. Since spring 1974 

the AA's magazine 'Drive' has published an'Index of Motor- 

ing Costs' based on a continuous national survey of some 

1,000 motorists per month. This examines all costs except 

depreciation. However, more known is the Technical Ser- 

vice Department's 'Schedule of Estimated Running Costs'. 

This has been issued annually for many years. The Royal 

Automobile Club (RAC) also produce a similar 'Schedule of 

Estimated Vehicle Running Costs'. Both of these schedules 

are theoretical (fixed assumptions) cost estimates. However, 

it is argued that the fixed assumptions in these schedules 

means that they bear very little relation to. )actual. expend-ý 

iture on motoring (Potter, 1978), and consequently the AA 

Schedule over-estimates the cost per mile. The speed re- 

lated cost estimated can be based on an empirical survey 

combined with data collected from a vehicle test, especially 

the relation of fuel consumption with vehicle speed. The 

Road Research Laboratory (RRL) issued car operating cost 

formula which has been widely used in transport research 

and will also be used in this study. 
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4.6.2 Fuel Consumption. 

Fuel consumption per unit of distance by a vehicle 
in speed <_60 kph (which is the case in urban traffic flow) 

could be expressed approximately as a linear function of the 

reciprocal of the average trip*speed, that is 

k2- 
k1+ (v < 60 km/hr) (4.14) 

V 
where 

is fuel consumption per unit of distance 

v is the average speed, defined as the trip distance 

divided by the total trip time including stop time. 

k1 and k2 are vehicle dependent parameters (Evans and Herman, 

1976) The parameters k1 can be associated with the fuel con- 

sumed per unit distance to overcome rolling resistance and 
is consequently approximately proportional to the vehicle 

mass, i. e. 

am 

where I 

a: is a constant of proportionality 

m is the vehicle mass 

the parameter k2 may be associated with various time depend- 

ent frictional losses, and it is approximately proportional 

to the "idle" fuel flow rate. This formula indicates that 

to save fuel and energy., requires reduction in the mass of 

the vehicle and an increase in the average speed. 

4.6.3 Air Resistance. 

Air resistance will obviously increase fuel con- 

sumption. Air resistance is composed of the direct effect 

of air in the pathway of vehicles, the frictional force of 

air passing over the surface of vehicles (including the under 

surface), and the partial vacuum behind the vehicle. Form- 

ula 4.15 ) give the air resistance force acting on a car. 

R 0.0011 AV 
2 

(Claffey, 1976) (4.15) 
a 

where 

R air resistance in kilograms 
a 
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A= frontal cross-section area in meters 
V= speed in kilometers per hour. 

4.6.4 Maintenance, Oil, Tyr-e and Depreciation Costs. 

Maintenance Cost. 

Maintenance cost includes periodical service re- 
required and other non-periodical items such as brakes, 

exhaust systems etc. 

Oil consumption. 

Oil consumption results from oil contamination 
by use and oil losses through leakage consumption. 

Tyre Wear. 

Tyre wear results from rolling resistance, the 

frictional slip between tyre surface and the road. 

Depreciation. 

The magnitude of motor vehicle depreciation costs 

can be defined as the quotient resulting from dividing the 

difference between, original cost and scrap value by life 

time mileage, it depends largely on non-highway factors (new 

and used car market-values and user travel desires). 

However, there are "standing charges" such as 

road tax, insurance etc. which are not af f ected by the use, 

hence these factors are not reflected by vehicle operating 

costs (See Appendix-5 -). 
4.7 OPERATING COST FORMULA. 

4.7.1 Vehicle Operating Cost Formula. 

The total operating costs presented by (Charles- 

worth and Paisley, 1952) was in the form : 

a0+a1 1-, 
-+ 2a 

where 

C0 total operating costs per mile 

a costs.,., per mile independent of journey time, 
0 

aIt, a2t and a3t, represent costs of fuel, tyres and wear 

and tear respectively which vary with journey time. 

journey time/unit distance. 
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Combining the results of various available data 

with assumptions about average vehicle engine capacity, a 
formula presented by the above was : 

b C 
V 

where 

(4.17) 

total cost per unit distance (labour, vehicle-time and 

operating cost) 

v= average speed 

a and b are parameters, which can be found from available 

data for certain years by vehicle types. 

The DOE has found that the function which best 

fits the data can be expressed :- 

a++ cv 
v 

where 

(4.18) 

C= operating cost per unit distance pence/km 

v= average speed km/hr. 

a, b and c= parameters calculated for each vehicle type. in 

other words, separate values are calculated for car, light 

goods vehicle, heavy goods vehicle and buses. However, 

value of time (pence/hr) can be added to the parameters (b) 

to calculate the generalised cost of travel (pence/km). 

4.7.2 Car Operating Cost Formula. 

Table 4. b gives the 1973 values of each of these 

parameters for cars with 1400 cc - this represents the aver- 

age size of cars licensed in 1973. 
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Table 4. b 

Weight per k. il. o. metr, e 
It em 

a b c 

Fuel gross 0.41 21.4 0.000053 

Oil 0.05 - - 
Tyres 0.08 - 

Maintenance 0.45 4.1 0.000010 

Depreciation etc 0.30 -1.0 - 

Operating cost 1.29 26.5 0.000063 

Time - 81.0 - 

Generalised cost 1.29 107.5 0.000063 

Note a, b and c as expressed in formula 4.18. 

Car occupant's time was valued at 81 pence 

per hour assuming that 16 percent of car travel was in 

working time-and 32 percent in commuting time (Dawson and 

Vass, 1974), the formula for 1973 can be written in terms 

of operating cost as : 

C=1.29 + 
26.5 

+ 0.000063 v2 (4.19) 
v 

and in terms of generalised cost as : 

C=1.29 + 
107.5 

+ 0.000063 V2 (4.20) 
v 

where the terms are as defined above. 

4.7.3 Fuel in Operating Cost Formula. 

Referring to Table 4. b, the role of fuel con- 

sumption in the formula 4.19 expressed as percentages of 

fuel consumption contributes to parameters a, b and c as 

follows : 

a 32% 

b 81% 

c 84% 
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The analysis of operating cost at different 

speeds, and contribution of fuel cost as percentage of total 

operating cost shown in Table 4. c shows that the cost of 
fuel represents almost 50 percent of total operating cost. 
The fuel cost was 50 pence per gallon in 1973, and increased 

sharply afterwards, indicating that the percentage of fuel 

cost to toal running cost may be even higher. Consequently 

other items, oil, tyres, maintenance andeven depreciation 

are all subject to relative increase. The wage increase 

which followed after 1973 made vehicle labour and materials 

costs more expensive, and the net effect was that the cost 

of fuel as percentage of total cost remained constant at 

about 50 percent. 

Table 4. c 

S d 
Total 

t 
Fuel cost Cost of fuel 

pee 
km/hr 

cos 
pence/km a b c Cost/km Total cost % 

20 2.615 . 41 1.053 . 021 1.485 56 

40 2.04' . 41 . 521 . 084 1.02 50 

60 1.95 . 41 . 351 . 190 . 95 49 

so 2.018 . 41 . 263 . 338 1.011 50 

100 2.413 . 41 210 . 529 1.15 48 

Note : the breakdown of cost formula by vehicle type is 

presented in Appendix -6 :- for year 1973. 

4.8 SUMMARY AND CONCLUSIONS. 

Vehicular speed is an important consideration 

in transportation study. The rate of vehicle movement has 

significant economic, safety, time and service (comfort and 

convenience) implications. 

Two mean speeds generally can be obtained from 

measurement of vehicle speeds. Firstly, time mean speed 

(V ) which is defined as "average distance per unit time" 

SecondlYP space mean speed which is defined as "fixed 



74. 

distance per average time". 

It has been found that space mean speed is more 
consistent and can reproduce both original amounts of time 

and distance. 

Vehicle running cost has been used as a funct- 

ion of vehicle speed. The fuel costs are found to represent 

almost 50 percent of total running cost at different speeds 

with the remaining 50 percent accounted for by material and 

labour. This relationship is assumed to remain stable even 

for higher fuel prices; for simplicity in modelling, thb 

fuel price index is taken as being the single best measure 

of travel cost. 

The formula given in TRRL report concerning 

vehicle operating cost can be used for determining cost per 

unit distance, mainly for private transport. However, aver- 

age'cost per unit distance for public transport can be 

found from statistical returns from public transport oper- 

ator and farestructures. 

Having established the cost per unit distance 

by modes as outlined here, the next chapter will deal with 

the amount of money paid by a household expressed as a cost 

for travel by each mode. 
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CHAPTER 5 

THE ECONOMICS OF TRAVELf 3 

HOUSEHOLD INCOME AND EXPENDITURE ON TRAVEL 

5.1 FAMILY EXPENDITURE AND INCOME. 

5.1.1 Introduction. 

Household expenditure usually includes such 

items as housing, fuel, light and power, food, drinks and 

tobacco, clothing, durable household goods, transport and 

vehicles etc. In this chapter the analysis of household 

expenditure on transport and vehicles will be investigated. 

The source of data for such analysis are the Annual Reports 

of the Family Expenditure Survey (FES). 

The FES originates from a recommendation of 

the Cost of Living Advisory Committee (now The Retail Price 

Index Advisory Committee) in an interim report published 

in 1951. A large scale household expenditure enquiry was 

undertaken in 1975 (FES 1975). However, full reports of 

these have been published annually from the 1962 survey on- 

wards. FES reports provide an important economic and soc- 

ial data. Information from the survey indicates how the 

expenditure patterns of many different kinds of household 

vary. It also throws light on the relationship between 

household income and amount of expenditure on different 

goods and services. 

AlthouZh in this study emphasis is put on the 

relationship between household income and expenditure on 

travel, expenditure on each mode of travel is related to the 

attitude of travellers, which seems to be coloured by the 

quality of service provided by the different modes. 

5.1.2 Definitions. 

The definition as enunciated in FES reports 

are as : follows : 
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Household. 

A household comprises one person living alone 

or a group of people living at the same address and having 

meals prepared together and with common housekeeping. 

Expenditure. 

Any definition of expenditure is to some ex- 

tent arbitrary, and the inclusion or exclusion of certain 

types of payment is a matter of convenience or convention, 

depending on the purpose for which the. information is to 

be used. In FES reports, total expenditure represents ex- 

penditure on goods and services. Total expenditure, de- 

fined in this way excludes those recorded paymentswhich are 

really savings or investments (e. g. national insurance con- 

tributions, mortgage, income tax payment etc. ). 
Tin ^^mgm 

The concept of income is ' as far as possible, 

that of gross weekly cash income at the time of interview, 

i. e., before the ýeduction of income tax, national insur- 

ance contributions and other deductions at source. Al- 

though information about most types of income is obtained 

on a current basis, some data, principally incomes from 

investment and from self-employment, is estimated over a 

twleve-month period. 

5.1.3 Main Features of Family Expenditure Survey 

(FES) Annual Reports . 

All types of private households in the United 

Kingdom are covered by the survey. In 1975 for example 

11,000 addresses in the U. K. were selected. Households at 

the selected addresses were visited in turn and occupants 

asked to co-operate by providing interviews with -inform- 

ation about the household, relating to incomes, certain 

payments which recur fairly regularly. In order to obtain 

a representative picture they were asked to make an ex- 

penditure record of such items for a period of 14 days. 

The sample is designed so that each house- 

hold has an equal chance of selection, and also so that 
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the sample is spread evenly throughout the year. "Compar- 
ison of the results of the surveys over successive years, 
however, justifies confidence in their general reliability, 
and an examination of the characteristics of expenditure 

and income pattern of various groups of household shows 
'a high degree of internal consistency"', (FES, 1975). Like 

all estimates based on samples, the results of the survey 
are subject to chance variations. A numerical measure of 
the possible margin of error, due to the limited size of 
the sample, is provided by 11siandard error". A true mean 

value is almost certain to lie within two standard errors 

on each side of the estimated mean values. The standard 

error on the item of transport and vehicle was 2% in FES 

1975 reports. 

Figure 5.1 shows variation of expenditure 

patterns related to incomes for the year 1975, with average 

household's expenditure on each individual item. Figure 

5.2 shows variation of expenditure pattern over a period 

of time. It must be emphasised that of the two main items 

in household expenditure, housing, transport and vehicles 

are the only items which show an increasing trend over 

time. Transport and vehicle costs consume the 

highest share of income after food in average households 

budget. 

It can be observed that household expenditure 

as presented in FES reports represent users cost as far as 

transportation is concerned. 

5.2 HOUSEHOLD INCOME. 

5.2.1 Household Income Groups. 

Grouping of household into a number of in- 

come groups is found to be necessary because the amount of 

transport consumed by each group is different, as has been 

outlined in Chapter 3. 

Household can be classified by income into 

different categories depending on the type of data avail- 

able and purpose of analysis. However, there are two 
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recognised methods used in transportation studies : 
1. To choose arbitrarily a lower and upper 

boundary of each income group, with a corresponding number 

of households in each group. 
2. To choose arbitrarily a fixed percentage of 

households in each income group and find their average in- 

come. 
As an example of the first type, discrete in- 

come classes were used by Wootton and Pick (1967) in trip 

generation (Category*Analysis - see Chapter 2). In the 

second approach used in T-ransport Policy (1976). The 

analysis of distribution of expenditure on transport by 

households, is by categorising households into five income 

groups; there are some 20% of households in each income 

group. 

In this study, however, the latter method 

is used, and the income considered is the gross income 

i. e., before taxation. 

5.2.2 Hoýsehold Income Trends. 

The. data available from FES reports permits 

analysis of household income groups from 1962 onwards. 

However, for this study, a-ten year period was chosen 

(1965-1975) and only four annual reports are analysed. i. e. 

FES reports of 1965,1968y 1972 and 1975. It is thought 

that those four points in time will give sufficient inform- 

ation relating to both income and expenditure on travel. 

Furthermore, for some intermediate yearschecked, it is 

found that the results are compatible and consistency ex- 

ists for the whole of the ten year period. 

Tables 5.1. a, b, c and d are an abstract from 

FES for the years 1965,1968p 1972 and 1975, and they are 

represented graphically on a semi-log scale in Figure 5.3 

with (Y) as ordinate and X1 as abscissa. From this figure, 

the average household income is computed, as well. as aver- 

age income by income groups for the years unoer consider- 

ation. 
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Despite the effect of inflation, the distri- 
bution of household incomes. -r-)emAin constant over the years. 
As income forecasting is a major contribution to the trans- 

portation planning process, this method of representation 
(Figure 5.3) is of considerable benefit. 

Tables 5.2. a, b, c and d, extracted from Fig- 

ure 5.3 stratify households into five income groups with 

20% of households in each income group. 

The following table shows average hosehold 

income and total expenditure on all items including trans- 

port and vehicle based on average weekly data.. 

Table 5. a 

Year Income Total expenditure 

1965 24.56 21.22 

1968 29.88 24.93 

1972 42.82 35.06 

1975 72.46 54.58 

Source : FES reports, 1965,1968,1972 and 1975, 

5.2-. 3 Income and Socio-economic Characteristics. 

Income and car ownership. 

Great promise was expected in earlier studies 

in using car ownership vakiables for traffic predictions, 

thus much major work was directed into forecasting car 

ownership. 

While it became obvious in this study that 

car ownership is a characteristic of households as a 

group, related directly to the income of that group, 

nevertheless it is misleading to use car ownership as a 

measure of mobility. Furthermore, household groups with 

higher percentage of car ownership spend more money on 

travel by bus and train than households with lower percent 

of car ownership. 
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Table. 5. b 

Annual income Percent owning 
car households 

500 10 

1500 60 

3500 80 

Source (Gwilliam and Mackie, 1975) - see also Figure 3.1 

The above figures were originally abstracted 

from "Movements in London". Other studies by Hillman, 

Henderson and Whalley (1973,1976), concluded that house- 

hold car ownership was an "inadequate measure of mobility". 

A survey in the outer London (an area of high car owner- 

shi p) produced the same conclusion (Ball and Percival, 

1978). 

This picture is also consistent with American 

cities. The following table is an abstract from the Pitts- 

burg Area TR4nsportation Study (1960). 

Table 5. c 

Annual income 
($1000) 

Car/household 

0-2 0.25 

2-4 0.50 

4-6 0.85 

6-8 1.0 

8-10 1.2 

10-12 1.3 

12-14 1.5 

14 + 1.7 

Average 0.9 

(After Wohl and Martin, 1967) 
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The figures indicate that the same trend is 
universal, i. e., car ownership increases when income in- 
creases, and there are a substantial number of households 

without a car, from average figure (0.9) : Even if aver- 
age equals 1.0 or more there will be households without 

car. 
Household composition and number of 
wage earners. 

The following table shows the correlation 
which exists between these variables and income. 

Table 5. d 

Inc orne Person 
Per week Per household Wage earner/household 

( F- ) 

15-20 1.105 0.107 

45-50 2.702 1.136 

100-120 3.434 2.096 

Source FES, 1975. 

- The above figures show clearly that all 
factors which were previously regarded as important to trip 

generation, are in fact a function of household income. 

Moreover an examination of the simple correlation matrix 

produced by Douglas and Lewiss (1971), see Table 5. e. in- 

dicates that employees per household, persons per house- 

hold andcars per household, have a highly significant 

correlation with household income. 

Table 5. e 

Trips Emps. Persons Cars Income 

Trips 1 
. 529 . 420 . 476 . 505 

Emps. 1 . 542 . 441 . 685 

Persons 1 . 294 . 431 

Cars 1 . 630 

Income 
1 

1 

Simple correlation matrix. After Douglas and Lewiss 1971. 
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5.3 HOUSEHOLD EXPENDITURE TRENDS ON TRANSPORT. 

5.3.1 Item Classification. 

In the FES, six items can be considered to 

cover all transport and vehicle expenditure. These items 

are : 
Table 5. f 

Item 
No. 

77 Net purchase of motor vehicles, 
spares and accessories. 

78 Maintenance and running of 
motor vehicles. 

79 Purchase and maintenance of 
other vehicles and boats. 

80 Railway fares. 

81 Bus and coach fares. 

82 Other travel and transport 

I (Note for components of these items see App. 
-7-) 

These six items can be combined into five 

classes, comprising the main features of expenditure on 

transport. As referred to in this study, these are as 

follows 

Table 5. g 

Class Item Reference 

1 77p78,79,80,81,82 Total transpbrt. and vehicle 

2 77,78,80,81 Transport 

3 78,80,81 Total travel 

4 78 Travel by car 
(private transport) 

5 80,81 Travel by bus and rail 
(public transport) 

The anlysis of the items and classes are 

presented in Tables 5.1. a, b, c and d and 5.2. a. b. c and 

d, for the year 1965,1968,1972 and 1975. 
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5.3.2 Expenditure on Total Transport and Vehicle. 

This class includes all items as presented 
in FES reports under the name of "Transport and Vehicle". 

The total household expenditure on transport and vehicle 

as shown in Table 5. h, and presented graphically in Figure 

5.4. b is as follows : 

Table 5. h 

Money spent on (M) as % of (M) as % 
Year transport and vehicle total expenditure of income 

ME % % 

1965 2.63 12.40 10.71 

1968 3.27 13.12 10.95 

1972 4.96 14.17 11.59 

1975 7.53 13.80 10.40 

Source FES report. 

Household expenditure on transport and vehicle 

In Figure 5.4. b, Curve 1 is total household 

expenditure on all items of transport and vehicle as per- 

centage of total household expenditure. The slightly in- 

creasing trend is a logical result of the last decade, result- 

ing from the improvement and building of new roads. 

Since Curve 2 is based on household income, 

this curve obviously falls below Curve 1, because gross 

income (before taxation) is more than a total (household) 

expenditure. 

The difference between income and expendit- 

ure is supposed to represent income tax and saving. How- 

ever, as commented in FES reports, the net saving cannot 

be measured directly from the two amounts of income and 

expenditure. 

These two curve s (1 &-. 2) are expressed in (2) 

per week. The trend here is more obvious - apart from the 

iafl&tion effect - total money outlay is increasing for 

the period shown by the figures. 
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5.3.3 Expenditure on Transport. 

This category as classified earlier in Sect- 
ion 5.3.1 includes four main items; 77,78,80 and 81 as 
indicated in Tables 5. f and 5. g. 

Figure 5.5 shows the average household expend- 
iture on the main four items of transport. On average 
about 10% of household expenditure (as percent of income) 
is spent on transport. If this is expressed in terms of 
total expenditure rather than the income, the figure will 
be about 13%. 

Categorising household expenditure on trans- 

port by income group is shown in Figure 5.6 and the first 

20% (lowest income group) trend is seen to be falling 

between 1968-1975. Other income groups are mostly rising 

in their trends, with some exceptions, especially the 
, 

hig her 20% income of households (group 5). This is because 

they spend relatively more money on travel by air compared 

with other income groups. Group 4 and 5 is also character- 

ised by usage of the firms car the cost of which is borne 

by the employer, and not included in household's expend- 

iture survey figures. 

5.3.4 Expenditure on Purchase of Motor Vehicle 
(Item 77). 

The average household expenditure on car 

purchase for the period under study, expressed as % of 

household income was as-follows 

Table 5.1 d 

Year % 

1965 3.86 

1978 4.06 

1972 4.57 

1975 3.45 

There is no significant conclusion to be 

attached to these figures apart from the fact that average 
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household expenditure for this item is about 4% of the 
total income. This is equivalent to a large amount on a 
national basis, and thus has an important impact on the 

car industry. 

This study is not considering car ownership 

and non-car ownership, because as discussed earlier in 
Chapter 3. car ownership is a function of household 

income (see Figure 3.1. b). The relevant relationship used 
in this study is that of expenditure with car travel. 

So the whole analysis is based on all households irres- 

pective of whether or not they own a car. 

5.4 TRAVEL BY CAR (PRIVATE. TRANSPORT). 

5.4.1 Expenditure on Maintenance and Running 
of Motor Vehicle (Item 78). 

This item is the most important part of the 

h'ousehold's expenditure, and as can be seen from (Figure 

5.4) the slightly, increasing trend is clear; the average 

figures for the period under consideration expressed as 

percent of household income is as follows : 

I Table 5. j? 

Year 
% of Expenditure 
on travel by car 

1P 
1965 3.89 

1968 4.48 

1972 4.57 

1975 4.87 

Item (78) maintenance and running of motor 

vehicles is also represented in Figure 5.3 for the same 

period (Y-from Table 5.1 - as ordinate and X2 as abscissa) 

for the sake of comparison. 

The similarity and consistency in trend be- 

tween the two sets of curves, income, and expenditure on 

running a car for those years which areý, selected randomly, 
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can be of a great help to modelling and forecasting of 
expenditure on travel by car. A forecast for the year 
1985 of Item 78 is made on the same diagram, using the con- 
cept that increase in wages is a reflection of energy 

prices. In item 78 - running of a car - 50% is taken up 
by fuel cost and 50% by labour cost, which is indirectly 

a function of fuel price as outlined in Chapter 4. 

In Figure 5.4. b, curve 4, shows expenditure 

on maintenance and running motor vehicle as a percentage 

of total household expenditure. 

Curve 5 is the same but as percentage of 
household income. This curve can do a great deal in mod- 

elling car trip generation. Because of its consistency 

over that decade, the forecast task is to find what per- 

cent of the household's income is spent on this item for 

the target year. Curve 6 is a combination of these two 

cur s in (R). 

The trend of household expenditure on running 

a car as percentýge by income group is shown in Figure 

5.4. a. The lowest income group, throughout this period 

(1965-1975) showed a constant decline with a falling in 

spending on travel by car. On the other hand other groups, 

mainly 2,3 and 4 are better off and the increasing trend 

is clear as far as expenditure on travel by car is con- 

cerned. 

Group 5 did not necessarily lie above other 

income groups. It almost fell below group 4 for the whole 

period, and from 1971 fell below group 3, and from 1973 

fell below group 2. 

The reason for this may be explained as 

(a) The share of group 5 in travel by car is 

always the highest of all the groups, in terms on money 

spent. Even if the above curve falls under the other groups 

when expressed as percent of income, the percent share 

of group 5 (the top 20%) is always the highest share (see 

]Figure 5.9. b). 
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(b) This group is travelling more by air and 
first class trains, or using firm's car. 
5.5 TRAVEL BY PUBLIC TRANSPORT. 

5.5.1 Expenditure on Travel by Train (Item 80). 

One main feature of the expenditure of the 
average household on rail fare is that almost a constant 
percent of average household income is spent on this item. 
These figures were as follows for the year under study: 

Table 5. k 

Year 
% of Expenditure 
on rail fare 

1965 
. 546 

1968 
. 468 

1972 
. 513 

1975 
. 483 

I 
Unfortunately, not all items are so consis- 

tent and fixed as this item, as far as the average house- 

hold is concerned. However, the disaggregation into five 

income groups still shows, different trends in that period 
(see Figure 5.7). 

But these fluctuations are around 0.1% for 

some income groups and it was an almost negligible amount 

for others. 

5.5.2 Expenditure on Travel by Bus (Item 81). 

The trend of the average household on travel 

by bus as a percent of household income for the period 

shown is as follows : 
Table 5.1 

Year 
% of Expenditure 
on bus fare 

1965 1.6M 

1968 1.325 

1972 1.167 

1975 0.855 
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From these figures it appears the expenditure 
on travel by bus, as far as the user was concerned, de- 
clined continuously throughout this period. 

As well as disaggregation into income groups, 
it is not surprising that the decline in each income group 
is clear (Figure 5.8). Moreover as was expected, the lower 
income groups spent more - as percentage of household in- 
come - on travel by bus than those of higher income groups, 
in contrast to what we have seen on travel by car and rail. 
However, this still does not mean that the lower household 
income groups are spending more money on travel by bus 
(Figure 5.9c ). 

5.6 PERCENTAGE USER'S SHARE ON EXPENDITURE 
ON TRAVEL. 

Without exception, the money spent by a 
household in a higher income group - for any item, is more 
than that of a lower group, Figure 5.9. a. b,, c and d. 

This can be expressed as "Propensity" or 

percentage share of expenditure on travel which is also an 
indication of the level of trip making by a household. 

Fluctuation results for the year 1965 was 

mainly due to smaller samples compared with other years 

under study (Table 5.1) where the total household number 

for that year was 3392 households,, while for the years 
1968p 1972 and 1975 were 7184,7017 and 7203 respectively. 

For this reason 1965 data is not shown graphically in some 

figures. Apart from that year percentage share for house- 

hold by income group was almost stable. This is also an 

indication of income impact on travel behaviour and the 

realtively small fluctuation in trend of household income 

group to travel by one mode, will be absorbed by the other 

mode, resulting in fluctuation in opposite direction. 

This can be regarded as the basis of modal 

choice, i. e., the switching of a traveller from one mode 

to another (or demand for that mode) will be according to 

hoj "- much he is prepared to allocate from his money bud- 

get for travel by each mode. This mainly depends on the 
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level of service associated with supplying the mode. Fig- 
ure 5.9. d shows the perecentage share of each household 

income group on travel by all modes jointly (car, bus and 
rail). This figure shows the trend of household income 

groups for that period. Group 5 (the highest 20%) is de- 

clining in propensity, mainly as mentioned earlier, due to 

more travel by air and use of a firm's car. 
Groups 2,3 and 4 are showing some increasing 

trends in propesity to total travel for this period. 
Group 1 (the lowest 20%) is declining in 

trend, but unlike group 5 they have no chance to travel by 

air or use a firm's car so widely. This indicates that the 

lowest 20% income groups are the most travel deprived. 

Moreover, most of the unemployed and pensioners are in this 

group. Any kind of subsidy to public transport must in- 

clude this group of people before any other. This may be 

a guide for decision making as far as social, justice is 

concerned. 

However, all household income groups, showed 

a great deal of consistency throughout the period. Table 

5. n, on travel by all modes, car, bus and rail. The little 

difference for the same household income group in their 

share of total travel is mainly due to the effect of other 

price-indices compared to their income indices, as well as 

the possibility of using firm's car by different amount 

for the same income group throughout the period. 

Table 5. n 

Income 
group 1965 1968 1972 1975 

1 3.87 4.71 4.1 '3.44 

2 12.27 11.75 11.94 13.95 

3 17.36 17.59 19.02 20.00 

4 25.00 27.18 25.74 27.33 

5 40.78 38.75 39.18 35.24 

Total 100 100 100 100 

Household income group share on travel by all modes, car, 

bus and rail. 
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5.7 ANALYSIS OF TOTAL TRAVEL. 

The important aspect of trends in expenditure 
on total travel can be seen in the combination of the ex- 
penditure on all modes, see Table 5.3, 

-and 
following table. 

Table 5. m 
Household-expenditure on travel 

., as percentage of in-co. me,. -- 
Year Car Rail BUS Total 

1965 3.89 . 546 1.612 6.05 

1968 4.48 . 468 1.325 6.27 

1972 4.57 . 513 1.167 6. -26 

1975 4.87 . 483 . 855 6.21 

These figures can be shown diagrammatically 

as in Figure 5.10. The total expenditure on travel (pri- 

vate and public transport) represents a fixed amount of a 
household's expenditure expressed as percent of household 

income. 

Therefore, any decline in this trend in pub- 

lic transport expenditure will be accompanied by rising 

trend in travel by private transport. 

On the other hand, if better service is pro- 

vided by public transport, the increasing tredd of expend- 

iture on travel by public transport is more likely to pro- 

duce a decline in private transport. 

However, (Figure 5.10) shows clearly that the 

total expenditure on travel is constant throughout this 

period, and, the increase in trend - by different amounts - 

in expenditure on travel by car, is accompanied by the 

same amount of decline on travel by public transport. 

These trends of expenditure on travel match 

the trends of passenger - distance travelled on all roads 

(see Figure 1.3). The consistency also exists on the 

amount of expenditure on travel (private and. -public trans- 

port) by -income--groups (Figure 11) and Table 5. p. Although 

ther& is some fluctuation for the same household income 
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group throughout the period of 1965 - 1975, but the differ- 

ence between any two consecutive periods is less than 1%. 

The overall picture is that expenditure on 

travel for all households onaverage (inc 
. 
luding car and 

non-car ownership) is a fixed percentage of income, and 

that the allocation of certain portions of this amount to 

any mode depends on the level of service provided by that 

mode. 

Table 5. p 
d 

Income 
group 1965 1968 1972 

I 

1975 

1 3.69 4.61 4.23 3.87 

2 5.62 5.79 6.15 7.08 

3 6.19 6.21 6.59 6.91 

4 6.20 7.27 6.86 6.38 

5 6.44 6.10 6.10 5.55 

Household expenditure on travel-by all modes, car, bus 

and rail as percentage of income group. 

5.8 TRAVEL CHARACTERISTICS. 

5.8.1 Introduction. 

The primary source of information used in 

this study concerning travel characteristics is the Nat- 

ional TRavel Survey 1972/197a (NTS). "The NTS 1972/73 is 

the latest in a series of comprehensive enquiries about 

people's travelling habits", (NTS 1972/73). 

This survey was commissioned by the Depart- 

ment of the Environment between April 1972 and March 1973 

and published in 1976 in three volumes. 

The first volume, entitled "Cross Sectional 

analysis of passenger travel in Great Britain". was in- 

tended to provide a broad picture of travel patterns and 

to describe relationships between households, e. g., their 

personal characteristics and different aspects of travel, 

passenger mileaget vehicle ownership and parking etc. 
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The second volume was entitled "Number of 

journeys per week by different types of households, indiv- 

iduals and vehicles"', its objective was to illustrate 

travel frequencies for different purposes, on different 

modes and by different types of individual, household and 

vehicle. 

The third volume compared the results of the 

1965 and 1972/73 surveys. The data was collected from 

7113 households by means of travel diaries lasting one 

week, with the finishing dates for the recording periods 

being spread evenly throughout the year. The journey in 

NTS is defined as 'any travel for a single main purpose'. 

5.8.2 Trip Purpose. 

The classification of trip purpose as in 

(NTS 1972/73) is as follows : - 

1. To and from work. 

2. In course of work. 

3. Shqpping and personal business. 

4. Entertainment, sport-, eating and drinking. 

5. Personal - social travel. 

6. Other personal travel (holiday, pleasure etc. ) 

This classification can be regarded as 

adequate, because it includes all significant trips which 

account for a considerable amount of total travel. 

5.8.3 Average Trip Length. 

The following table on trip length distribut- 

ion for all purposes shows clearly that there is not any 

significant difference in trip distance distribution be- 

tween the two surveys, 1966 and 1972/73. This indicates 

that on average, trip length distances stay quite stable 

over time, for the main modes of travel, car, bus and 

train. 

r 
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Table 5. q 

Trip length distribution 

Percentage 
Length 

_ 
car ad van local bus British Rail 

1966 1972 1966 1972 1966 1972 

Under 3 miles 35 39 53 50 4 4 

3 and under 10 miles 43 40 42 44 28 28 

10 and under 15 miles 9 8 3 4 18 20 

15 and under 30 miles 9 7 2 2 32 27 

30 and under 100 miles 4 4 14 17 

100 miles and over 1 1 3 5 

All distances 100 100 100 100 100 100 

Source : NTS 1972/73, Table 2, page 2 

(A. comparison of 1966 and 1972/73 survey). 

Average trip length by purpose can be found 

if data is available. Table 5. r is an abstract from "An 

analysis of trave, 1 patterns using the 1972/73 National 

Travel Survey", (Rigby, 1977). The analysis includes only 

one day out of the seven days of the survey. The follow- 

ing results are obtained : 

Table 5. r 

Average trip length (km) 

Purpose 

Mode Work Shopping Social 

Car 10.43 7.74 11.02 

Bus 7.97 6.05 9.54 

Rail 22.07 16.35 16.85 

This table shows only a sample calculation 

of trip length distance by mode and purpose (and the same 

procedure can be applied for all other purposes). Table 

5.4 is the trip length distribution by mode and purpose. 

Knowing total distance by mode covered by a household per 



94. 

week for each purpose (see Figure 5.12). The number of 
trips can be found simply by dividing mileage by average 
trip length for corresponding mode and appropriate purpose. 
If it is thought that different household income groups 
have different trip length distribution for the same jour- 

ney purpose, then the adequate categorisation might in- 

clude analysis for each household income group separately. 

5.9 FINDINGS AND CONCLUSIONS. 

Household expenditure on travel shows some 

fluctuation by household income groups (Figure 5.11), but 

still the difference - apart from lowest income group - is 

on average less than 1% for a certain year, expressed as 

percentage of household income. Group 4 in 1968 is the 

s-kngle exception. Furthermore, the fluctuation of the 

expenditure by the same household income groups is less 

than ljo for any two consecutive periods under consider- 

ation. These minor fluctuations could reasonably be 

expected, becausq the relative wage and price indices do 

not always increase simultaneously. In addition, there 

is the possibility of using firm's cars by different 

amounts by household income groups in different periods. 

The other fact reflected in household trends 

by income group is that group 1 (the lowest 20%) declines 

in travel making. The main reason for this, as mentioned 

earlier, is that this -group can -barely afford the basic 

essentials e. g., food, clothing, houseing etc. Consequently 

this group is left with little money for travel. They are 

obliged to make more walking trips, despite the fact that 

this group includes more pensioners (50% of household in- 

come group 1 is old age pensioners, Transport Policy 1976). 

This is also clear from their percentage share of travel 

(Figure 5.9. d); while they show a decline in spending 

on travel by all modes, their 'percentage share' is al- 

most constant throughout the period, indicating that they 

are only making trips of an essential nature, while 



95. 

groups 2 and 3 are still seeking "saturation" as far as 
travel is concerned. Their trend of expenditure (as per- 
centage of income), and their percentage share of total 

travel is still increasing, indicating that these two groups 
can afford to pay more for travel. 

By contrast, household income groups 4 and 5, 

the highest income groups, have been "saturated" (Figure 

5-11), and they show a decline in their trend as well as 

propensity to travel indictaing they are either using a 
firm's car frequently, or using air transport for business 

purposes as well as some leisure activities. 

These ideas can help to fix the expenditure 

of households by income group on travel, which is needed in 

trip generation models in the following chapters. This also 

has a relevance for other aspects of travel expenses, par- 

ticularly parking and toll charges. For example, introducing 

higher parking charges in CBD area will mean less traffic to 

the town centre - if there is only a fixed amount of money 

available to spend on travel - or "user may prefer to switch 

to an out-of-town location rather than change to bos", 

(Harrison, 1974) to maintain the same level of trip making. 

The trend of household income as revealed in 

thisstudy (Figure 5.3) shows that one can forecast for a 

target year - say year 1985 - with reasonable accuracy, 

simply because the curves for different years are almost 

parallel, and only the lowest 20% is fluctuating, which is 

in practice of a little propensity in travel (Figure 5.9. d). 

Having fixed household income, Figure 5.10 showed clearly 

that household expenditure (on average) on travel (private 

and public transport) is a fixed amount of household's 

income (6.2% iS a money budget of travel). 

The consistency of trends on each single item 

of travel, car, train and bus, can be viewed as follows 

Expenditure on train remained almost constant (0.5%) of 

household's income. The decline in bus expenditure from 

1.6% to 0.85% over the period 1965 to 1975 was absorbed by 

increasing trend in expenditure on travel by car (an in- 

crease from 3.89% to 4.87% over the same period). This 



96. 

leaves the total expenditure on travel constant (Table 5. m). 
Using this concept, the percentage of house- 

hold income spent on each item can be assessed. Further- 

more, it has been possible to eliminate the effect of in- 

flation on wage rates and incomes. As an example for such 
forecast, income and expenditure on maintenance and running 

of car is shown on Figure 5.3, assuming that on average 5% 

of household's income will be spent on this item by the 

year 1985. 

However, for more detailed study, these per- 

centages of household income must be done on the basis of. 

household income groups. The consistency which is found in 

this study in-propensity (i. e., percentage share), of each 

household income group can be used as a guide for deter- 

mining the percentage of household income on any mode of 

travel (Figure 5.9). 

Summing up the discussion the following pict- 

ure emerges 

It became clear from the analysis of house- 

hold expenditure on travel by all modes available, car, 

bus and rail, that a fixed amount of a household's income 

(6.2%) is allocated for tripmaking. (see Table 5. m and Fig- 

ure 5.10). This amount can be called household's "money 

travel budget". From this fixed amount each mode takes its 

share according to the level of service provided by that 

particular mode as well as traveller's attitude towards. the 

mode of travel. 

The trend was clear; travel by car rises 

throughout the period under study (1965-1975). This rising 

trend of travel by car is accompanjed by a commensurate 

decline in travel by bus, while leaving the trend on rail 

trave 1 fairly constant (Table 5. j, k and 1). 

Having fixed the amount of household expend- 

iture on travel by each mode, the method of translating 

this amount into total distance which can be travelled, is 

evaluated by simply dividing the household expenditure (by 

mode of travel) by cost per unit distance for that partic- 

ular mode, as presented in Chapter 4. 
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On the other hand, (from NTS 1972/73), the 

trip length distribution in 1965 and 1972/73 remains almost 

stable, indicating that average trip length remains almost 

unchanged for different modes. This concept can also be 

applied in urban areas, which exhibits more specific char- 

acteristics than on a national scale. 

Figure 5.12 shows percentage of total distance 

on average covered by a household for each purpose. There 

was no corresponding figures for 1965, but in spite of this 

it seems reasonable to assume that little change will occur 

in these percentages over time. Figure 5.13 is average car 

trip length based on NTS 1972/73. 

Finally, total number of trips made by a house- 

hold can be computed by dividing total distance travelled by 

each mode by average trip length. 

As far as car-ownership is concerned by far 

the most important factor has always been found to be in- 

come. Other factors, especially the nature of the household's 

neighbourhood, which is represented by residential density, 

household structure - the number of old and young. The num- 

ber of workers in the household etc. are all shown to be 

highly related to the household's income. 

The concentrated researches in the past on 

car-ownership was in fact required for forecasting purposes 

of car use and it was therefore necessary to translate the 

forecasts of car-ownership into forecasts of use by deter- 

mining the number of kilometres per unit time that the num- 

ber of cars would undertake. 

In this study, the stratification of all house- 

hold by income group implicitly include different level of 

car-ownership, which is found to be the main character of 

the level of income - thus there is no need for model of 

car-ownership and other variables, if the main objective 

could be achived without it. 

In the following chapterst the concepts pre- 

sented here are formulated in mathematical terms. 
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CHAPTER 6 

TRAVEL PREDICTION, 1 

BUDGET MODELS 

6.1 INTRODUCTION. 

The minimisation of travel time or cost is gen 
erally an objective in transportation planning. However, 

transport models usually ignore the fact that when travel 
time or cost is reduced, the number of trips will rise. 
In other words, the provision of a new or improved trans- 

port facility may well result in a greater amount of 
travel activity than previously existed. Whol and Martin, 

1967, commented that this situation - more travel - means 

more trips result, then presumably more community desiresý 

are being satisfied. This situation is closely analogous 

with the economic theory of demand and the associated. con- 

cept of consumer surplus. 

The major structural deficiency of traffic fore- 

casting models is their failure to establish an inter- 

relationship between the number of trips made, or travel 

volume, and the character and price of the transportation 

service actually available. 

In the four-step conventional transport model 

(diagram 6. a) there is a feed-back from a network analysis 

box to only three steps, i. e., trip distribution, modal 

choice and traffic assignment. In other words, the change 

in the network definitely affects these steps. There is 

a mis sing feed-back arrow between network analysis and 

trip generation-step. 



99. 

Trip generation model Network 
analysis 

and 

Trip distribution model speed 

estimation 

Modal choice model 

Traffic assignment 
-I 

direct process 

feedback 

missing arrow 

Transport model 

Diagram 6. a 

Wilson, 1974, stated that "it would be theo- 

retically correct to connect the network analysis box, 

(diagram 6. a) with an arrow to the trip-generation. box. 

Since we would expect trip generation rate to vary with 

ease of travel (as presented by travel time). Unfortun- 

ately, no one has yet succeeded in building an effective 

elastic trip generation model of this kind". 

The main objective of this study is to intro- 

duce a new and simpler approach, with relatively little 
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effort needed for data collection. Based on economical 

theory of consumer's behaviour, it is possible to put back 

"the missing arrow" mentioned by Wilson (as discussed in 

Chapter 2). 

The modified transport models can be represented 

as in Figure 6.1. Trip generation models have absorbed 

modal split models, and from the start of transport plann- 

ing process, private travel -car trips, as well as public 

transport - person trips by bus - are predicted separately. 

Others, like external trips, which use the network and 

commercial vehicles are also treated separately, and total 

load on each link'of the network is checked at assignment 

stage. 

Trip distribution might give better results if 

separated on the same basis of disaggregation, i. e., by 

household income groups by purpose, on the assumption that 

different household income groups possess different aver- 

age trip lengths, and average trip length for the same 

household income group differ bY purpose. 

6.2 GENERATED TRIPS. 

It is commonly accepted that each new transport 

facility or each improved facility may cause induced or 

generated traffic to appear along the section of road dir- 

ectly or indirectly affected by the improvement, with 

other traffic being diverted, because the new level of 

attractiveness of such a particular route containing im- 

proved links. 

This additional traffic is observed with the 

opening of the new facility, and has continued as a stable 

and slightly increasing component for at least the first 

four or five years as revealed by records covering this 

period (Shmidt and Campbell, 1956). 

In time it becomes increasingly difficult to 

isolate and measure this component, and it possibly di- 

minishes as the other components grow and crowd it out. 

Generated traffic is composed of trips previously 
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inhibited by inadequencies in quality and operational 

characteristics of the existing facilities. Little con- 

sideration has been given to the issue of "frustrated 

travel", i. e., those journeys which people would like to 

make but do not, because they are deterred by the short- 

comings of transport facilities, including good roads 

(Stephen, 1972). 

The trip generation model introduced here will 

take account of generated trips as well as trip generation. 

6.3 FACTORS AFFECTING TRIP GENERATION. 

Having predicted the amount of money a house- 

hold is prepared to pay for travel by a certain mode per 

unit time, as well as average trip length for each purpose 

(Chapter 5), the factors affecting number of trips for a 

particular mode are: 

M the type of facility available and the level of 

service as far as road users are concerned. Level of ser- 

vice can be best defined by average speed and cost of 

travel, 

(ii) the amount of change. This extent of change is 

the percentage of the route improved, between a pair of 

origin and destinatio]A Thus the existence of two situat- 

ions, before the change and after the change will be 

discussed. 

Category (i) indicates the demand curve while 

category (ii) is the supply curve, Diagram 6. b. 

4 
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Q 

number of trips 

Demand and supply curve 

Diagram 6. b 

6.4 BUDGET'MODELS OF-TRAVEL 

Model for Generated Traffic. 

rve 

curve 

Consider a part of a network which is used for 

journey-sfrom origin A to destination B. The total length 

of journey from A to B is L units. Part of the route, a 

length L1. is improved (where L1< L), then the part which 

is not improved can be denoted by L2 (where L2 =-- L-L 
1 

hence L, = DL# L2= L-DL (Diagram 6. c). 

The assumption about consumer's behaviour is 

that he is trying to save time from his time budget for 

travel after improvement. Also, he is attracted by the 

new situation to make more-trips, and he is prepared to 

increase his amount of money outlay-. by some amount against 

his time saving if his income allows this. 

If he makes nb trip. Before per unit time, his 

allocated time budget will be: 

tL (6.1) 
bbVb 



103. 

where 

tý : is time spent on a trip, before improvement b 
L is the total length of the route between origin 

and destination 

Vb is the average speed on (L) before improvement 

nb is number of trips before improvement per unit time 

Diagram 6. c 

LL 
12 L1 EDL L2 =L-DL 

AXaXB 

L 

After improvement of part of L which is L1 

2 
tn 

a V a 
(6.2) 

Vb 
a 

- 

where 

t is time spent on a trip after impro, vement 
a 

L1 is part of route L which is improved 

V is aft speed on L er imp rovement 
a 1 

n is number of trips after improvement per unit time 
a 

L L-L 
2 

To utilise fully the travel time budget: - 

t 

Substituting 6.1 and 6.2 into 6.3 

LL1L2 
bVbaVavb 

navb 

nbLL 2- 
vav 

b_ 

(6.3) 
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n 
set Rta (6.4) 

b 

L 

RtLbL 
2- 

(6.5) 

-vav 
b_ 

where 

Rt: is the rate of trip change, for time budget. 

Similarly, for money budget: - 

nb. B. L (6.6) 

where 

Mb: is money spent before improvement 

B: running cost per unit distance, before improvement 

Other notations as before. 

After change on L took place 

IM a=na 
[A. L1+B. L 2] 

where 

(6.7) 

M is money spent, after change 
a 

A is running cost per unit distance after change 

Other notations as before. 

To utilise fully travel money budget: 

M=Mb (6.8) 

Substituting 6.6 and 6.7 into 6.8 

nb BL na 
[AL 

1+ BL 2] 
(6.9) 

na BL (6.10) 
L+ BL 

2] 

n 
Set Rm=n 

R= 
BL (6.12) 

m AL 
1+ 

BL 
2 
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vL 

Set h=v 2L (6.12a) D and L2= L-L, = L-DL (6 . 12b) 
b 

L 

RtLL (6.5) 
2 

vvb hV 
bv 

Rt 
hL hL 

_=_ 
hL 

hL 
2 +L 1h 

(L-L 
1) +L 1 

hL-hL 
1 +L 1 

Rh Time budget (6.13) t h+(l-h)D 

for D 

Rt= h (6.13a) 

R= BL_ 
= 

BL 
(6.12) 

m AL 
1+ 

BL 
2 AL 

1+ 
BL-BL 

1 

R 
BL 

m BL +L 1 
(A-B) 

R=B Money budget (6.14) 
mB+ (A-B)D 

for D 

R (6.14a) A 

Time budget formula as in 6.13. Rate of trip 

change is a function of speed ratio (h) and percentage of 

route improved. While for money budget (6.14), the rate 

is a function of cost (before) as well as percentage of 

route improved. It is also obvious that B and A are a 

function of speed, this means that money budget model takes 

Account of both the quality and quantity of the change. 

To ensure that the time budget will not be 

exceeded for any value of R (rate of change of trips per 

unit time), and to spend more money according to the cri- 

teria explained earlier, then value of R actually lies 

between Rt and RM. 
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then 

RRm+ (R 
t-Rm 

)p (6.15) 

RR 
or PR 

R- 
m 

(6.15a) 
tm 

where 

P: is the proportion of difference between Rt and R 

for P= +1 elasticity of time (e 
t)= -1.0 

R=Rt time after = time before (6.16) 

(Time budget) 

for P=0 elasticity of money (e -1.0 m 
R=R money after = money before (6.17) 

m 
(Money budget) 

P values are between -1 and 1 or 

-1 
<P< +1 (6.18) 

Considering the scarcity of resources of both 

time and money, the value of (P) wi. 11 be such that the con- 

sume rs settle at ý new equilibrium point as far as time 

and money are concerned, i. e., the percentage incre ase of 
his money outlay is equal to percentage increase of his 

time saving. Then we proceed as follows: 

0= 
Time saved 100 = 

Time before-Time after 100 (6. i9( 
t Time before Time bfore 

LR DL L-DL 
vb iýVb vb 

(6.19 

vb 

R, 
D 

1-D 
h 

R' 
D+h -Dh 

h 

h- RD - Rh +RDh 
ot =h (6.20) 

for 
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=- (6.21) 

=extra mone outlay, 00= Money after-money before 100 (6.22) 
m money before Money before 

R[ADL + B(L-DL 
100 (6.22a) 

LB 

RAD + RB - R'BD -B 
B 

100 (6.23) 

for 

= 
RA -B 100 (6.24) 

mB 

if = (6.25) 
t, m 

h- RD - Rh +RDh 
= 

RAD + RB - RBD -B (6.26) 
hB 

R= 
25H (6.27) 

2Bh + (B - 2Bh + Ah)D 

for D=1 

R- 
2Bh (6.28 
B+ Ah 

Formula 6.28 indicates that the rate of trip change depends 

on cost of trip before and after, as well as the ratio of 

speed. 

Therefore, 

(6.15 

2Bh B 

p- 
2Bh+(B-2Bh+Ah)D B+(A-B)D (6.29 

hB 
h+(l-h)D B+(A-B)D 

for D1 

2Bh B 
Ah A (6.30 

B 
hA 
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All formulas for D=1, i. e., all the route has 

been improved, however, these formulas are also applicable 
(for D= 1) when D<1, taking new values for h, along the 

whole route. The analysis for D1 criteria is more mean- 
ingful in applying cost formula than using D and making 

correction for h values. 
6.5 VALUE OF TIME (VOT). 

In Diagram 6. d, K represents the resources needed 

for travel, "time budget" 'Before can be denoted by K 
bt 

where b stands for "before" and t for "time" at speed V 
b* 

Similarly K 
bm represents money budget before where m 

stands for money. 

According to formulas given earlier, there is the 

possibilities of consuming the resources in after situation- 

at speed OV 
b) as follows: 

consuming time budget: 

2. 

R= nR n h'- time before =--ti'me after t 
ýe t 

1.0 

t 
0.0 

consuming money budget: 

'R = nR -"B money before money after 
mA 

(6 . 13a) 

(6.14a) 

""e 

m 

m 
3. 

-1.0 
0.0 

consuming a combination of time and money budgets: 

2B 

+A 
h 

Accepting the criteria that the traveller will 

behave as in case 3 above, i. e., the trip rate will be in- 

creased by an amount such that the percentage time saved 

from time budget (ý 
t) 

is the same as percentage of extra 

money m 
then the following emerge: 

The Valbe of time can be represented by notion 

that in after situation, the time and money budget is 

changed. The extra money paid is directly related to the 
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amount of time saved. 

In Diagram 6. d, the consumer originally made 
(n) trips and consumed K units of his resources, "before". 

To bring the consumer into a new point of equilibrium 
R 

GC , and to ensure that the two budgets of time and money 

will not be violated (which is represented by case 1 and 

case 2 above). The constraint ýt =ý must be satisfied. 
This point R 

GC as can be seen in the following sections 
is also the point of consuming genera-lised co'st of re- 

sources. 

The value of time on this basis can be found 

from the fact that the consumer paid K3 (money units) to 

save K4 (time units) as shown in Diagram 6. d. 

-4- 

-4- 

LU 

LU 

-T 

Kb 

TIME 

M0NEY 

K2-, c3--4- K4 

R 

-7Rm 

IRGC= R 

-Ki 
n nRm nR 

0 

to 

4) 
ca 

At 

au 

I' II 
n=nRt 

NU MBE R OF TR 1 PS 

Dia9ram 6ýd 
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K 
VOT 

K 
3m 

(6.31) 
4t 

where 

VOT monetary value of time 

K 3m extra money paid 

K 
4t 

time saved 

K 
3m = money needed for (nR) trips - money budget. 

=K 6m -K 5m (6.32) 

Similarly, 

K- = time budget - time needed for (nR) trips. 4t , -. 
=KtK 6t 

(6.33) 

KK 
VOT =K 

6m 
K 

5m (6.31a) 
t6t 

Assuming a trip length of (L) and cost per unit distance 

B and A for before and after situations, and Vb and Va 

speeds, where V 
a, 

= hV 
bt where h is the amount of change in 

v 
b' 

then : 

K= LAnR money needed after 6m I 
K 

5m = LBn money needed before 

K time before 
tvb" 

KL nR time after 6t v 
a 

LARn - LBn 
VOT = Ln LRn 

vv 
ba 

VOT . '= 
RA B 

1R 
vb hV 

b 

2Bh 
RB+ Ah 

2Bh. AB 
B+Ah 

2Bh 

(6.34) 

(6.35) 

(6.28) 

(6.36) 

vb B+Ah hV b 
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2hA 

BV 
9+ -Ah 

b 2B 
B+Ah 

But 

2HA_ 2hA-B-Ah hA-B 
B+Ah B+Ah hA+B 

and 
2B B+hA-2B hA-B 
B+hA B+hA hA+B 

VOT BV 
bI 

(6.37) 

i. e., value of time saved equals to cost per unit distance 

(before - at speed Vb) multiplied by average vehicle speed 

(before) for each of the occupants. 

6.6 GENERALISED COST MODEL. 

Usually the vehicle operating cost formula used 

in economic assessment includes value of time as described 

in Section 3.7.3 using the formula 6.37 for VOT we pro- 

ceed as follows: ' 

Generalised cost(GC) = Money cost + monetary value of time 

Money cost 
b+ 

cv 
2B Before (4.19) 

Vbb 

Time cost 

,.. (GC) 
b 

Money cost 

Time cost 

**o(. GC) 
a 

where 

(GC) 
b 

(GC) 
a 

time X (VO T) 

"" vbBB Before (6.38) 
vb 

B+B 2B (6.39) 

a+b C(V h) 
2=A After (6.40) 

hV 
bb 

1xv 
hV 

bb 

After (6.41) 

-11 h 

Generalised cost before 

Generalised cost after 

1 
GC b" 

e 

from ( 3.3 R GC 
a_ 

(6.42) 

(6.43) 
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or 
GC 

b 
GC 

a 

-e 

B 
2B e 

substitute 39 

h+A and 42 into 44 

(6.44) 

(6.44) 

Assuming elasticity of generalised cost is (-1.0), i. e., 

the amount of outlay in terms of money and monetary cost 

of time is constant (after = before). 

R 
2B 2Bh 

. 
11 AB+ hA 
h 

(6.46) 

which is the same formula as in (22) 

Therefore, percentage increase in money outlay is equal 

percentage time saved, i. e., ý 
m=ý t* 

Formula 6.46 can be modified to include average 

trip distance, and car occupancy. 

(GC) 
b= 

[Car occupancy x (Time before x VOT)+ Cost before]L 
b 

Yx -I-- .VB+BL vbbb 

JB(l + Y) Lb (6.47) 

(GC [Y xlVB+AIL 
a hV bba 

-EYB +A]L (6.48) 
ha 

where 

Y: is car occupancy 

Lb and La: are average trip distance before and 

after respectively. 

[B(l + Y)IL 
b (6.49) R=- 

+ A]L 
ha 

in formula 6.49 if average trip distance remains constant., 

then Lb-L 
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R 
(1 Y) 

(6.50) YB 
A 

h 

hB (1.11 +1 Y) 
BY + hA (6.51) 

6.7 MODELS FOR TRIT GENERATION. 

6.7.1 Introduction. 

The main finding in Chapter 5 is that "House- 

holds on average are prepared to pay a fixed percentage 

of their income for travel by all modes. From this fixed 

percentage, a certain percentage of income is allocated 

for travel by each mode, depending on the level of service 

provided by that particular mode". 

The trend of the period (1965-1975) in fact re- 

flects this situation. Considering the trend of house- 

hold expenditure on travel by car and bus, Table 6. a. 

Expenditure on running 
of car as-% of house- 

Year hold income 

Expenditure on travel 
by bus as % of house- 
hold income 

1965 3.89 1.612 

1968 4.48 

1972 4.57 

1.325 

1.106 

1975 4.87 0.855 

See Table 5.3 

The increase in car travel resulted in the pro- 

vision of better roads. Hence the consumer experienced 

higher speed of travel, (i. e., less time needed for the 

same trip after than before) appreciating the value of 

time saved. The consumer paid more in after situation 

(years 1968,1972 and 1975) than before (year 1965) in 

monetary terms. 

On contrary, the level of service was decling 

in bus travel with the real cost per trip in 1972 being 
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more than that of 1965, but with no improvement in level 

of service as far as time is concerned. The net effect was 
less expenditure by household on travel by bus. 

According to this concept, a general share model 

can be formulated on the assumption that the percentage of 
household income needed for travel by each mode can be 

predicted according to the past trends in travel behaviour, 

considering also expected changes in level of service com- 

bined with travel characteristics of the area under study. 

6.7.2 General Share Model (GSM) . 

The General Share Model (GSM) can be formulated 

according to the fact that a household allocate a certain 

percentage of his income to travel by each mode, part of 

which in turn will be allocated for certain purposes. 

Assuming, 

k modes k lo 2 .... 4 (car, bus, train, etc. ) 

purposes Z 11 2 .... r (work, shopping, etc. ) 

i income groups i, = 11 2 
.... q (i=l,, for lowest household 

income) 

0 zones 0= 1, 2..... n (0=1, for zone 1) 

From household income and expenditure analysis 

in Chapter 5, the following relationship can be formulated. 

(Number of trips per household for all purposes per unit 

time by mode k)x (Average trip cost) = Household ex- 

penditure on travel by mode k per unit time. 

tE (6.52) 
kkK 

tK (6.52a) 
k Ck 

on the same basis, disaggregation by trip purpose for each 

mode, the formula becomes: 

tkR, 
Kk2, (6.52b) 

k R, 
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where 

is percentage of E, spent on travel for purpose-e 
C is average trip cost for purpose Z 

Disaggregation by income group, formula 6.5.2b becomes 

E 
iK *p iXK 

iKZ 
ciY. 

K 

where 

(6 . 52c) 

t 
ikK = Number of trips, by household income group i, 

by mode K for purpose. & - 

E 
iK = Expenditure on travel by mode K, for household 

income group i, all purposes. 

p 
iZK = percentage money allocated for purpose k, by 

household income group i. 

CiK= trip cost by mode K for purpose Z, by household 

income group i.. 
These terms can be computed as fol-lows 

EK= MNK (6.53) 

IiK "ý MINi 

where 

(6.53a) 

M average household income 

NK percentage of M allocated for travel by mode K 

M. household income, in group i 
I 

N iK percentage of household imcome spent on travel by 

mode K, all purposes. 

ikK 
S 

ikK 
(6 . 54) 

where 

S 
iy. K. percentage (from total distance for all purposes) 

of purpose Z 

s "2 
1 Y, K (6.55) 

ikK r 

- 
Zý D 

k=1 JIK 

-C 
ES 

i Y, K 2, ikK 
F (6 . 55a) 

4a lZK Es 
9, itK C 
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where : 

i9k 
c 

a 

r 
iZK 

(6.56) 

Average trip cost, by mode K, purpose by household 

income group (i) is 

C 
izK ýx ikK 

C 
ixK 

(6.57) 

where 

x 
ikK average trip distance by mode K for (6.57a) 

purpose Z, by household income group i 

C 
i-e K as defined above 

The model As --presented by formula 6.57-r-is simply com- 

puting the average, number of trips per week for household 

income group i, by mode, by purpose. Total trips per week 

for household income group i is simply the summation over 

all purposes. 

TtE 
iK 

piK2, 
(6.58) 

iK iK2, 

T, 

- 
Y. =1c ikK 

where : 

T 
iK = total trips per week made by household income group 

i by mode K, for all purposes. 

Knowing number of households in each income group; 

TT H 
iK 

p 
iKk (6.59) 

iK iT- 
2, =1c iKk 

where : 

TT 
iK 

total number of trips by all households in income 

group i by mode K, 

Hi number of households in income group i. 

distance travelled for purpose k 

cost per unit distance for purpose Z, by mode K 
household income group i 

average cost per unit distance for all purposes. 

correction f a-ctor 
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To compute the total number of trips for all 

household income groups in zone 0, by mode K: 

TT H 
K 

E 
iK 

p 
iKk 

CiK9, 

(6.60) 

where : 

TT 
K 

Total number of trips made by all households from 

zone 0. 

This total number of trips, which is originated in zone 0, 

can be found for all zones in the study area, and the model 

applied separately to compute trips from each origin zone 

0 for each mode. The input to trip distribution can be on 

the basis of total trips by mode K for purpose-e . 

E 
iK 

p 
iKk r 

H (6.61) Q ZX 
T, 

IZ 
i=l iKk 

q 
HH0 total number of households in zone (6.61a) 

of origin. 

where : 

total number of trips made by all households in 

zone 0, for purpose k, and mode K. 

i. e., total work trips for all households in each zone 

made by car, distributed first, then shopping trips, and 

so on. This might give better results for any type of 

distribution models to be used. Because the measure of 

attraction can be more meaningful and constraints can be 

put to facil itate calibration of distribution model, such 

as average trip length for purpose Z in zone 0 is constant 

and its value is already available. 

xz c1 (6.62) 

A iurther constraint whith can be introducedis that the 

total cost of all trips by mode K for purpose I is constant 

according to original assumption. 
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q 
tjKR, CiZK -': c2 (6.62a) 

i=l 

the value of C2 can be computed from: 

q 
c2E iK p iK2, (6.63) 

i=l 

This constraint is the same as used by Wilson, 1974, when 

he introduced the concept of entropy maximization and the 

concept that total cost of trips is constant. In this 

model, explicitly one can introduce such a constraint as an 

outcome of trip generation model. However, there is a 

family of General Shape Models (GSM) introduced into trans- 

portation studies, each has its own characteristics. In 

this model households are only distinguished on the basis 

of income. All other variables which previous studies 

regarded as important, such as car-ownership, are no longer 

needed. Furthermore, this model considers at the gener- 

ation stage the different land uses at possible destinat- 

ions. Previously, these factors were used as measures 

of attraction in distribution models. In other words, 

given a certa in threshold of development, people have a 

necessity for travel and the fulfilment of their desire 

(for each trip purpose) is a matter of choosing one 

destination rather than another. 

The concept of accessibility can also be intro- 

duced to this model by considering the travel character- 

istics at a zonal level, i. e. j average trip length for work 

trips for a househ old living and workind in CBD area is 

different from one living in the outskirts and working in 

CBD area. 

The application of GSM for car trips can be 

found in Chapter 8, while in Chapter 9 bus travel is dealt 

with. 
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6.8 SUMMARY AND CONCLUSIONS. 

Amongst the list of recommendations on traffic 

forecasting by a committee on trunk roads assessment 

(Leitch, 1977), is "There should be further study of the 

relationship between kilometres travelled per car and the 

price of fuel (including tax), income and different jour- 

ney purposes for different sections of the population". 

The translation of this statement is dealt with, 

not on the basis of trunk roads, but on the basis of urban 

areas. The mathematical models formulated for traffic pre- 

diction are on two levels; first for short term change 

when generated (induced) traffic also contributes to a 

large amount of total traffic on the road system, the gen- 

eralised cost model can be applied. However, for long- 

range forecasting, the general share model can be applied, 

which takes account of both trip generation as well as 

generated trips. 

The value of time (VOT) found in this study, 

derived from basic economic notions of consumer's behaviour 

in utilising. the two main scarce resources needed for 

travel (time and money) and also the co*ncept of "trade off" 

between these two variables. However, the (VOT) found in 

this study is also relevant in cost-benefit analysis. 

Comparing these types of cost models, as a trip 

generation model, with category analysis, the superiority 

of budget models can be realised by recognising that 

category analysis is only a special case (which is highly 

improbable), of budget model, i. e., category analysis 

assumed no change whatsoever in level of service in the tar- 

get year. Moreover, it assumes no relative change in in- 

come and cost of travel indices at all. 

Applying the budget model, even for "do-nothing" 

situations, the rate of travel still depends on relative 

changes in household income and cost of trip. On the other 

hand, if level of service changest assuming all price and 

income indices remain constant, still budget models will 
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predict change in the amount of travel. However, the gen- 

eral case is that all these variables are changing. This 

will be the focus of attention in the application of bud- 

get models in the next chapter. 
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CHAPTER 7 

TRAVEL PREDICTION, 2 

BUDGET MODELS APPLICATION 'FOR PRIVATE TRAVEL 

GENERATED CAR TRIPS 

7.1 INTRODUCTION. 

"When there is a reduction in the cost of trav- 

elling between two points, possibly as a result of road 
improvements, certain journeys, which were not worthwhile 
before the improvement, became worthwhile afterwards; 
traffic between the two points will therefore increase. The 

new traffic is usually known as 'generated traffic' 11 (Daw- 

son, 1968). Furthermore , it is possible to attempt some 

quantification of, this generated traffic. "This new traffic 

normally increases through a couple of years to a figure of 

about 5-30% of the. current traffic". (Overgaard, 1966). 

This increase in trip rate might also result in 

providing better car performance. The desire to produce 

generally smaller capacity engines, which will give better 

fuel economy, will not inevitably produce energy conser- 

vation in the long term for fixed real petrol price. This 

is because the greater fuel economy on a miles-per-gallon 

basis (associated with use of smaller engined cars) may be 

cancelled out by new trips which may possibly result in the 

same total fuel consumption. 

In the economic assessment of road improvements, 

a new motorway or new river crossing which leads to large 

reduction in journey times and cost may result in a con- 

siderable amount of generated traffic. It is argued that 

benefits to generated traffic are half the rate applicable 

to exis. ting and diverted traffic, and on this basis some 

allowance was usually included in the calculation. 
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It is possible to suggestq however, that the 

criteria employed have been inadequate to sufficiently just- 
ify the predicted amount of generated traffic. 

Thework presented here on generated trips, and the differ- 

entiation of the behavioural unit "houshold" by income 

groups is completely new and provides for the first time a 
theoretical framework for further investigation. It also 

provides the basis for much comprehensive analysis of real 
household's travel behaviour and their response, as well as 
their attitude towards changes in the level of service. 

The level of service, for car trips, in the sugg- 

ested budget models are based only on quantitative physical 

parameters, which include speed, operating costs and espec- 

ially fuel prices which are directly related to operating 

cost as mentioned earlier. However, a subjective appreciat- 

ion of environmental factors has been omitted from the model. 
The application of budget models, in this chapter, 

is to assess the trip rate changes caused by proving differ- 

ent levels of service. 

7.2 RESOURCES NEEDED FOR CAR TRIPS. 

In-Diagram 7.1b, a traveller consumes K units of 

resources needed for travel, in terms of time and money, at 

speed V b' which represents the"before7'situation. Increasing 

the speed to a new level of hV 
b which represents the"after" 

situation where V= hV b' 
the consumer will spend diff- 

erent amounts of K in the after situation, depending on 

economic status and background, which act as constraints 

on him. 
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7.2.1 Operating cost formula. 

The vehicle oper at ing cost formula given for 1973, is 

C=1.29 -u 
26 

r . 000063 V2 
V 

where 

C cost per unit distance, pence per kilometre 

V average speed, kph. 

As an example 6f the application of 'budget modelsIt 

assume the existence of a road between two points, with 

length L kilometers and in a unit of time (h) trips travel 

between these two points at an average speed Vb 

20 kph. 

It was ascertained from analysis of models in 

Chapter 6 that dealing with (n) trips and f ixed aver- 

age trip length, is relatively the same as dealing with 

unit distance and analysing the rate of trip change R. 

12 
DIS TAN CE 
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Two ranges of improvement are suggested for after 

situation 
1. High range 

speed from 20 kph to 40 60,80, and 100 kph. 

2. Low range 

speed from 20 kph to 22,24,40 kph. 

Thecost an4 time needed per unit distance is 

shown in Table 7. a for high level improvement. 

Table 7. a 

Speed 
kph 

Cost 
pence/km 

Time 

min. /km 

20 2.615 3.0 

40 2.941 1.5 

60 1.950 1.0 A 

80 2.018 0.75 

100 2.180 0.60 

Note B :- Before :A: After 

7.2.2 Travel Time Constraint. 

People who are constrained by travel time, con- 

sume K units of the resources in the after situation. For a change. 

of speed from 20 to 40 kph, the following values for K in 

Diagram 7. b can be obtained : 

T-1_ 
60 3 mins. (Time budget) 

vb 20 

vb 40 
K -- R=-=h=-=2 km 

v 20 
a 

E=R. A =2x2.04 = 4.08 pence 

et = -1.0 
where 
T is the time used before, (Time budget) 

vb speed before 

va speed after 
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h ratio of the two speeds 

R rate of trip change 

E expenditure after 

A cost per unit distance after (Table 7. a) 

et elasticity of travel time. 

Time required originally (ýbefore) for a 

journey at speed 20 kph is 3 mins., which is the time budget 

for the traveller. This is represented by the upper bar 

in Diagram 7. b. The company time required to make a journey 

at speed 40 kph is 1.5 mins. 

However, if the time surplus is to be consumed 

by travelling more, i. e. at speed 40 kph, traversing 2 km 

instead of 1 km at the original speed of 20 kphp this 

would represent 100% increase in the amount of travel. 

Similarly, for speeds 60,80 and 100 kph fully utilising 

the time budget of 3 mins. would result in journeys of 

3t 4 and 5 km respectively, corresponding to formula 

Rt =h (6.13. a). 

The distances which can be covered by the same 

time budget for different speeds is shown in Diagram 7. a. 

Joining the points of distance covered gives a straight 

line result which represents time budget constraint. 

Referring back to the formulation of time 

budget model. 

R=R+ (R tRm 
)p (6.15) 

for P=1 ýt 0 

(time before = time after, elasticity of time et = -1.0) (6.16) 

RRt 

RR (100% of the route improved) (6.13. a) 

R_h- (for different amount of the (6.13) 
t h+(l-h)D 

route improvement) 

v 

where ha (6.12. a) 

vb 
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and D= length improved 
-LI (6.12. b) total length of the route L 

Figure 7.1 is an application of the formula 6.13 

assuming different lengths of the route to be improved to 

allow speeds of 40,60,80 and 100 kph, The resulting 

curves are a set of demand curves and with them are shown 

a set of supply curves. In all points, the amount of 

time consumed is the total 3 mins. time budget irrespective 

of the amount of travel and money paid. 

The group of people behaving according to 

formula 6.13, i. e., using their total time budget for 

travelling after route improvement, most spend extra money 

to do so, as denoted by (M + To). Such a group has the 

highest rate of generated trips. They are mainly from 

the 20% highest income group and/or households using a 

firm*'s car (the cost of running paid by employer). 

There is no money constraint, only a constraint from their 

own time budget. Such a group can be regarded as 

"saturated" as far as travel is concerned, (Model 1 in Table 

7.4) and this accounts for about 35% of total users expend- 

iture on travel (Figure 5.9b) 

Figure 7.2 shows that for this model time saved 

is zero, while extra money increases continuously until 

it reached 1.46 pence for speed change from 20 to 40 kph. 

This corresponds to a maximum value of Rt at this range 

of h, which is def ined by 

va 
40 

=, - --2 vb 20 

Rt =2 

The rate of generated trips will be increased by 100% for 

time budget constraint, when speed changed from 20 to 

40 kph between a pair of O-D; 

and 
Extra money paid =Rt A-B 

= 2(2.041)-2.615) = 1.46 pence 
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where 

Rt rate of trip change = 2 as found above 
A cost per unit distance after = 2.041 (Table 7. a) 
B cost per unit distance before = 2.615 (Table 7. a) 

7.2.3 Income Constraint. 

In Diagram 7. a some people behave according to 
the total income con-straint. This group spends K1 resour- 
ces in after situation where 

op =t=I=1 60 = 1.5 mins . aV 40 
a 

KR=1 
(fixed travel rate) 

E= RA =1x2.04 = 2.04 

where 

t is time after a 
and-all other notations are as defined before. 
There will be net savings of money and time, and the rate 
of generated trip is unity, i. e. no extra trips are wide, 

The group of people constrained by their income 

denoted by (M-T -) (save money & time after route improvement), 

conventional trip generation models, implicitly, used this 

concept, because the effect of level of service has been 

ignored. This might occur only when the traveller feels 

that he is paying for travel more than he can afford, or 
the price indices for cost of travel are so high that he 

is looking for an opportunity to cut the cost of it. 

Hence there will be a new money budget, to bring him back 

to point of equilibrium as far as his total expenditure 

and income is concerned. This applies to households 

with a lower income, and mainly to the lowest 20% income 

group which can be regarded as"travel frustrated. " More 

likely this group contains a high percentage of old, 

unemployed and pensioners (50% of OAP is included within the 

lowest income group, Transport Policy, 1976) (Model 2 in 

Table 7.4). The share of this group of households is only 

4% of total users expenditure (Figure 5.9b) on car travel. 
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7.2.4 Travel Money Constraint. 

The group of people who are constrained by the 

amount of money available for car travel consume K5 units 

of the resources in the after situation, for a change of speed 

from 20 to 40 kph, the following values for K5 in Diagram 

7. b can be obtained : 

B=2.615 pence (money budget) 

K=R=R=2.615 = 1.28 km 
5A2.04 

T= Rt 1.28 x 1.5 = 1.92 mins. aa 

e -1.0 m 

where 

B cost at speed V 
b' 

in Table 7. a 

T travel time after 
a 

ta travel time after per unit distance 

em money elasticity of travel 

All other notations as defined before. 

From Table 7. a, if one km cost (at speed 20 kph) 

is 2.615 pence (money budget), fully utilising this money 

budget, corresponding to formula 6.14a 

B 
(6.14a) 

A 

the procedure of plotting a curve is repeated for money 

budget constraint in the same way as for time, and is shown 

in Diagram 7. a for different speeds. 

RRm+ (R 
t-RM 

)p 

for P0m0em 

(money before money after), 

RR 
m 

B 
R- (100% of the route improved) 

mA 
for different portions of the route to be improved. 

R=-B 
m B+(A-B)D 

(6.15) 

(6.17) 

(6.14a) 

(6.14) 
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Figure 7.3 is an application of formula 6.14. The 

same procedure is applied as for time budget, but for low 

range improvement (i. e., speed from 20 to 22,24 .... 40 kph). 

The values of R (trip rate change) for different values of 

D (percentage of the improvement in the route) is shown in 

Figure 7.4, while Figure 7.2 shows that for P (the parameter 

in formula 6.15) equalszero, i. e., ým (percentage of extra 

money) equals zero there is always saving in time. 

This model may be applied to people who will 

naturally take all opportunities to increase their amount of 

travel to the limit of their financial circumstances. 

If they were willing to pay a certain proportion of 

their income (before) towards satisfying their de- 

sire for travel, then the improvement brought about by a new 

level of service will encourage them to make more trips. 

Thig group can be households in income group 2, which is 

mostly transferred from group 1, and obviously seeking 

higher amount of travel, but they are deterred by their 

money budget constrains (Model 3 in Table 7.4). 

Figure 7.2 shows that for this model extra money 

paid is zero, while time saved increases continuously until 

it reaches 65 seconds for speed change from 20 to 40 kph 

when the whole route is improved, i. e., D=I and at this 

point 

B-2.615 
= 1.28 

A 2.04 

therefore each trip before becomes 1.28 trips after at the 

same cost, and 

Time saved =Xt-R. t 
a 

= [3 -(1.28 x 1.5)]60 = 65 seconds 

where 

Kt time spent before 

R rate of trip change 

t time per unit distance at speed Va= 40 kph 
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7.2.5 Generalised Cost Constraint. 

The group of people who are constrained by gen- 
eralised cost budget consume K6 in terms of time and money 
in Figure 7. a. 

Rt mins. 
a 

K61=R km 

=RxA pence 

where 

R2 Bh (Generalised cost budget) (6.46) B+Ah 

tav 
a 

at speed 40 kph. 

R2x2.615 x21.56 
2.615 + 2.041 x 

t 1.5 mins. a 

K61.56 x 1.5 = 2.343 mins. 

K6=1.56 km 

K6=1.56 x 2.04 = 3.187 pence 

E= -1.0 

e is elasticity of generalised cost of travel. 

R=Rm+ (R 
t-Rm 

)P (6.15) 

for generalised cost formula, at any level of improvement, 

Ot = On (6.25) 

2Bh B 

P= 
B+A 

.hA 
(6.30) 

B 
A 

values for P to satisfy 6.25 found in Table 7.1 for maximum 

low range of improvement of 20 -* 40 kph). 

when 

p=. e=-1, O 
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(generalised cost before = generalised cost after, general- 
ised cost elasticity = 

ýt =ý= 22% 

on this basis Figure 7.5 represents a generalised cost de- 

mand curve, while Figure 7.6 represents the value of R for 

different values of D. 

In Diagram 7. a, the curve R represents the rate 

of trip change for generalised cost model, which lies be- 

tween the money constraint (R 
m) 

and time constraint(R t 
). 

Figure 7.2 shows three curves, for low range 

speed increase (20 to 40 kph). The case of generalised 

cost, P= -ý lies between the two extremes; P=1, P=0 5 
which corresponds to time and money budget. In this situat- 
ion the rate of generalised trip given by 

R- 
2Bh 

_ (6.28) 
B+Ah 

for speed and cost at 20 to 40 kph. 

I 

R= --- 2--(2 -; 61-5) 2 ---- 1.56 
2.6 15+ (2.04 1) 2 

= 
extra money paid 

_ 
RA-B 100 (6.241 

m money before B 

1.56(2.041) - 2.615 
= 22% 

2.615 

time saved h-R (6.21) 
t time before h 

2-1.56 
-2_= 22% 

Ot 0m satisfies the constraint given by 6.25 

consequently, the value of time saved equals to VbB 

VOT = 2.615 x 20 = 52 pence/hr. (6.37) 

VOT= extra money paid _ 
RA-B 1.56(2.041)-2.615 )= 

52 
time saved 1-R11.56 

pence/hr. 
VbVbh 20 20 x2 

(6.35) 
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It is clear from Figure 7.2 that the 

generalised cost, represents a compromise between the two 

extreme cases (case 1 and 2). Furthermore# any percentage 
increase in money outlay (ý 

M) 
is always equalled by the %age of 

time saved (ý 
t 

). The traveller, to behave as in case 3 
implicitly values his time in monetAry terms as given in 

formula 6.37, i. e.,, his value of time equals the cost per 

unit distance times speed as measured in the "before" situation. 
Analysis of the high range of speed increas (20 to 40,60, 

80, and 100 kph) is shown on Figure 7.7. Y axis as 0M and 
X axis as 0 

to 

when 

p=1.0 Time budget 

p=0. 
m0 

Money budget 

The 45 0 line intersection with P-lines represent the gener- 

alised cost model, and it is clear from this figure that P 

ha s different values to satisfy ýt = ým for different speeds. 

Values for R, with corresponding P values shown on the figure 

are presented in Table 7.2 and 7.3. 

Using this formula means that the position of 

the point of equilibrium K3 is such that it makes ým=ýt 

i. e., the extra money paid as a percentage of money before 

is the same amount of time saved as percentage of the total 

time before. This applies to those households in group 3 

and 4 which are able, or willing, to pay extra money on top 

of their original money budget without violating their time 

budget. They have also, in actual fact, saved an amount of 

time which is worth the extra money paid (Model 4 in Table 

7.4) 

One can now draw a clear picture of-houge- 

hold behaviour in terms of travel by car, income group, and 

their responsiveness to the change in resources needed 

tor- travel, together with their attitudes towards utilis- 

ation of available sources, 

As far as generated trips are concerned, differ- 

ent models can be applied to different household income groups. 
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Table 7.1 represents the effect of values of 
11 on the general formula-.: 

R=Rm+ (R 
t-Tm 

)P (6.15) 

For low range improvement. The values of R are shown using 

1972 car operating cost formula. It is interesting to note 
that there is the possibility for the value of R to be below 

unity, i. e., the after situation will yield fewer 

trips than the before situation. This might occur due to 
the introdaction of higher parking charges in city centres. 

3 For example, for P2 the value of R=0.86, i. e. p each 
100 trips made before machine, onlý 86 trips were made 

afterwards. This represents a situation where the cost per 
trip before is less than the cost per trip after-charge. Other 

values of P, resulting in different values of R are as follows: 

Table 7. b 

, 
Budget pR 

Income constraint 1 
5 

Travel money constraint 0 1.28 

Travel time constraint 1 2.0 

Generalised cost constraint +21.56 5 

The values of R found by this procedure lead, to a conclus- 

ion that each household income group has different P values. 

When an improvement takes place on a certain network, the 

mechanism f6r determining total generated trips inevitably 

calls for an, estimation of the number of households using, the 

network, classif ied by income group, with- their corresponding 

position on the trip rate curve. For example, a household 

in income group 3 or 4, is assumed to behave according to the 

generalised"cost model. If all the routeýi used by this 

household is improved from origin to destination (for low 

range, i. e. , speed 20 to 40 kph) it will increase its trip 

rate by 56%. However, if only half of the route is improved to 
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allow a spee, dof 40 kph, the trip rate wil be increased only by 20%, as 

shown in Figure 7.6. This fact must be reflected in anv 

generated trip prediction to assess not only the type and 

amount of households using an improved route, but also the 

proportions which the improved route-forms of all the origin 

to destination journeys. 

7.3 COMMENTS ON VALUE OF TIME (VOT) 
FOUND IN THIS STUDY. 

The value of time found in this study is represented 

by the formula 6.37 given by 

(VOT) =BVb pence/hour 

where 

(VOT) : value of non-working time 

B : cost per unit distance (before) 

vb: the speed (before) 

(6.37) 

The consistency and general agreement with conventional 

value of non-working time can be presented as follows, bear- 

ing in mind the term (before) is relative in this concept, 

i. e., what is-regarded as (after) will become (before) for 

the next point in time, and this means that there is no 

fixed value of non-working time even for a single individual, 

T-he formula, although originally derived for car trips, will 

also deal with other modes like bus and train on the same 

basis. 

In conventional cost/benefit analysis it is 

agreed that the value of non-working time grows- 3% per 

annum. In the model- vvresented here this assumption is 

replaced by a combination of 

(a) average SDeed is increasing on all 

roads by 1.5 km/year, and 

(b) the cost per unit distance is 

increasing with time. 
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Income. 

It is also agreed that value of time for people 

of higher incomes is more than that for lower income 

groups. This phenomenon can be implicitly recognised if one 

considers both elements of the formula, cost per unit dis- 

tance and average speed. Usually, people with higher in- 

comes use larger cars with an engine capacity higiher than 1400cc 

which is used in operating cost formula, and will obviously 

lead to a higher running cost. Moreover, there is the 

ability of this type of car to run at higher speeds. 

If this kind of approach is used, many dif f i- 

culties can be overcome in making assumptions on values 

attached to time in conventional trip modelling methods. 

Vans. 

For light vans the va 

than that for car occupants, and 

operating costs are higher than 

Appendix-6 

If cost per km for average car 

then van 

lue of time is usually higher 

it is obvious that van 

average car costs (see 

= 2.615 pence/km in 1973 

= 4.00 pence/km in 1973 

The value of time as shown in the Appendix 6 is 81 pence/hour 

for cars and 120 pence/hour for vans, assuming both cars 

and vans have the same average speed, the ratio of the cost 

of van to that of car must then equal the ratio of van 

occupants to car occupants. 

4.0 120 
which is almost the case 

2.615 81 

Moreover, if the value of time of car occupants is 81 pence/ 

hour, then 

VOT =BVb=2.04 x 40 = 81 pence/hour 

This means that the cost formula, implicitly assumed aver- 

age car speeds for the year 1973 is 40 km/hour. The (VOT) 

on the same basist for other modes, can be the cost per unit 

distance times the speed of the mode. 
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In terms of transportation planning, people in 

a lower speed region do, not value their time as highly as 
those with a higher average speed. 

' If a person living in a zone (A) from which 

residents can travel with an average speed of 20 km/hour in 

1970, is compared with another person in the same year living 

in another zone (B) from which the average speed of travel is 

40 km/hour, then the value of time of person in zone A is 

2.615 x 20 = 52 pence/hour 

and the value of time of person! in zone B is 

2.04 x 40 = 81 pence/hour 

This reflects the socio economic status of the individual 

in a zone, relating also to their- choice of residence. That 

is) people living in the CBD area with its low average 

speed, 6 value their time less, and have a different standard 

of living, -to those living outside the CBD. 

7.4 APPLICATION OF GENERALISED COST MODEL. 

The formula given in 6.40 is a generalised cost 

formula, including the effects of car occupancy. 

hB (1 + Y) 
BY + hA (6-51) 

The main assumption behind this model is that the money 

budget plus monetary value of time budget is the same 

before and after change, i. e. e= -1.0. The total outlay of 

money plus the monetary value of time for the traveller is 

constant. R in the formula can be regarded as the number 

of trips per-unit time (person trips). Alternatively, it 

can be regarded as total distance covered by travellers 

per unit time. 
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7.4.1 Thomson's Work, 1967. 

Thomson notes that from 1952 to 1964 the vehicle- 
distance of private traffic in urban areas, and in Great 

Britain as a whole, rose from 100 to 270 units, while in 

central London the corresponding change was from 100 to 180 

units. Vehicle registration growth outside central London 

had increased at a rate very similar to that elsewhere. 

Therefore, he assumed that an increase in generalised cost 

peculiar to car travel to central London over that period 

must have accounted for the smaller growth of traffic in 

central London, i. e., 180 units ins te ad of 270. (Oldf ield, 1974 

The increased travel cost in London is ascribed 

to lower journey speeds because of congestion and the im- 

position of parking charges. Using this assumption the de- 

mand elasticity (e) was calculated to be (-1.0) as follows 

Peak-hour travel cost of average marginal motorist entering 

central London 

Value of t. ime 44 pence per hour 

'Ca? r;, 9, ccupany 1.4 

Cost of car journey at speed V, C = 1.0+73.3/V pence per km 

(including car running 

costs and occupant's time 

at speed V km/hour). 

Journey length 9.6 km comprising the following: 

2.4 km in central area at 16.9 km/hj. in 1952, and at 

13.7 km/hr. in 1964. 

6.6 km in inner London at 30.6 km/hr. in 1952, and at 

24.2 km/hr. in 1964. 



138. 

1.6 km in outer London at 30.6 

30.6 

(these speeds are based on GLC 

Cost of journey in 1952(pence) 

2.4 km at 16.9 km/hr 12.8 

5.6 km at 30.6 km/hr 18.9 

1.6 km at 30.6 km/hr 5.4 

37.1 

Parking charges - 
Total with return 
journey 74.2 111.6 

For the 1964 travel cost Thomson uses a medium all-day park- 

ing charge of 25p. The crux of Thomson's argument i that 

had the cost of 111.6p. per peak car journey been reduced 

to 74.2p (the same as it was in 1952) then 100 units of 

traffic would have increased to 270 (as in other urban 

areas) instead of 180. Therefore a fall in cost from 111.6p. 

to 74.2p. should produce an increase in traffic of 50% and 

the elasticity of demand is deduced from 

100 111.6 
150 

174.2 

i. e., 

The point of interest here is that it is clear 

from this example that elasticity of demand is (-1.0). But 

obviously Thomson used a value of tijae of 44 pence/hr which is 

different from the. findings of the present work.. that the value 

of time is equal to speed in "before" situation times cost of 

travelling one kilometer. (Oldfield, 1974) commented on 

Thomson's-work, "Another parameter is the value of 

travel time 11 . 
Here Thomson used 44 pence per person hour. 

Investigation to determine this parameter has given rise 

to values which vary widely (the value recommended by D. O. E. 

is less than half of Thomson's value)v and it is interest- 

ing to consider the effect of using another value. 

The elasticity values shown in Table 7. c were 

obtained using values of time of 44 pence and 22 pence per 

km/hr. in 1952, and at 

km/hr. in 1964. 

Is London Traffic Surveys 1964) 

Cost of journey in 1964(pence) 

2.4 km at 13.7 km/hr 15.4 

5.6 km at 24.2 km/hr 22.5 

1.6 km at 30.6 km/hr 5.4 

43.3 

25.0 
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hour and with urban area generalised car cost changing by 

10 and 20 per cent over 1952 to 1964. Two central Lon- 

don parking charges are assumed 25p. and 20p. ) 

Table 7. c 

Elast city 

Percentage change in 
urban area generated -20 -10 0 +10 +20 Central London 
car cost, 1952-1964 parking charges 

Value of time 44 p/h -0.6 -0.8 -1.0 -1.3 -1.8 25p. 
Value of time 22 p/h -0.6 -0.7 -0.8 -1.0 -1.3 

Value of time 44 p/h -0.7 -0.9 -1.1 -1.5 -2.3 20p. 
Value of time 22 p/h -0.7 

1 
-0.8 

1 
-1.0 

1- 
-1.2 

11 
-1.7 

1 1 

Source : TRRL 116 UC 

It may be commented that even 

if Thomson had used the value of time which is found in this 

study and given by, 

(VOT) =VbB (6.37) 

the same result concerning the unitary generalised cost of 

elasticity can be obtained as follows the cost formula 

used by Thomson is 

C=1.0 
73.3. 

pence per kilometre 
v 

(this value includes car running cost and occupants time at 

speed V kph). Car occupancy assumed by Thomson was 1.4, to 

remove value of time suggested by Thomson, 44 pence/hr/per- 

son 

C=1.0 + 
73.3-1.4(44) 

= 1.0 _1_ 
11.7 (7.3 

VV 

using this cost formula for cost of both after (A) and 

befoý! e (B) as in the following table, using the formula 

given by 6.49 :' 

R 
E; (I+y JLI 

YB 
+A ha 

(6.49) 
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Table 7. d 

After (1952) 

1.4B 
+Ax Length 

hI 

1.4 x 1.85 
r 1.69 1.23 

1.4 x 1.48 
r 1.38 1.26 

1.4 x 1.38 
mr 1.38 1 

Parking charges 

Total two way 

Before (1964) 

ý[2.4 B] x Length 

2.4 = 9.11 2.4 x 1.85 x 2.4 = 10.68 

5.6 = 16.94 2.4 x 1.83 x 5.6 = 19.94 

1.6 5.3 

31.36 

62.72 

GC 
b 

GC 
a 

2.4 x 1.36 x 1.6 5.3 

35.95 

25.00 

96.85 

. 94 
96.85 

1.5 62.72 

In other words, elasticity of demand using the method and 

(VOT) formulated in this study is -0.94 instead of -1.0 

found by Thomson. 

where 

Y: is car occupancy 

Lb: average trip length, (before) 

La: average trip length (after) 

Other notations as defined before. 

Costs at different speeds given in 7.3 

for values of A and B in operating cost formula given above 

are found as in Table 7. d with corresponding trip lengths. 

In this example, 1964 situation is before, because the 

assumption is that if the speed increased and parking 

charges are eliminatedp there will be 50% increase of t'raffic 

i. e., R=1.5. The figures used in this example are all 

probably expanded from a sample size; the original figures 

used are 
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Table 7. e 

1952 1964 Traff'ic index in: 

100 270 Urban area 
100 180 Central London 

90 Difference 

90 100 50% 180 

These are the indices used. 

following values instead : 

It is possible to use the 

Table 7. f 

1952 1964 

100 272 

100 177 

95 

95 
177 

Traffic index in: 

Urban area 

Central London 

Difference 

54% 

Here there is an alteration of less than ±2% in 1964 indices, 

errors due to sampling expansion will probably be greater 

than this. 

If the new values as in Table 7. f are used, 

then : 
R=1.54 and elasticity = -1.0 

Oldfield (1974) stated that "Car user's elasticity relative 

to generalised costs were more closely grouped about the 

value -1.0". 
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7.4ý. 2 The Work of Sacco and Hajj , 1976 

rn order to produce more evidence, and to give 

extra confidence in the reliability and applicability of the gen- 
eralised cost model, examination was made on the effect of 

the energy shortage on transportation patterns and attitudes 

to car usage. 

A study of Dutch Fork area in Columbia, South 

Carolina (Sacco and Hajji, 1976) found that for a petrol price 

change from about $0.35 to $0.55/gallon between October 1973 

and May 1974, the average reduction of traffic on a certain 

highway reached 12.7 percent. 

Applying the model given by formula 6.46 where 

R-B 
2B 

(6.46) 
+A 

h 

To find elasticity of generalised cost 

R=10.127 = 0.873 

V 
h=Va1 assuming no increase in speed 

b 
for this amount of volume change. 

B= 2P 
b 

where 

(7.1) 

Pb petrol price before, and on basis 50% of B is petrol 

price. 

2B 4P 
b 

Substitute the values of R, h and B in 6.46 

,0, . 373 =-b (7.2) 
2Pb+A 

1 

0*0A=2.582 
Pb (7.3) 

(A) consists of two elementsvfuel cost and labour and 

materials. The increase in petrol price in the short 

period between October 1973 and May 1974 did not change 

-the labour element of A. 
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Set 

A= (X +XL) A (7.4) P 

where 

p x etrol cost element of A p 
xl L abour cost element of A 

and xP+ XL= 1 (7.5) 

The new situation brought about by petrol price increase 

changed the values of these two el ements. 
Assuming 

x 
-2- = xL 

1.5 (7.6) 

from 7.5 and 7.6 

x= .6 After (7.7) p 

xL= .4 After (7.8) 

while fo r before X .5 and X 5 L 

P= AX from (7.4) 
a p 

AA = P (7.9) 
a 

and AA = . 67 P (7.10) 
a 

A=P+ . 67 P 1.67 P (7.11) 
a 

from 7.3 and 7.11. 

1.67 P 1.252 P 
b 

P 1.55 P (7.12) 
a b 

In other wordsl petrol price after must equal 1.55 time 

petrol price before, so that 12.7% of traffic would be re- 

duced. 

P = Petrol price after = 55 cent/gal. 1974 
a 

Pb = Petrol price befor e= 35 cent/gal. 1973 

*P- 55 P = 1.56 P 
a 35 b b 

These two values (1.55 and 1.56) are close enough to 
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conclude the validity of the model and the assumption about 

unity of generalised cost elasticity of demand. 

Another finding of the study of Sacco and Hajj 

was the respondent's assessment of their reduction in driv- 

- ing as shown in the following table. 

Table 7. g 

Reduction Respondent 

Amount Percent percent 

considerable 30 15.8 

moderate 10 to 30 40.6 

little 2 to 10 28.1 

none 0 to 2 15.5 

Total 100.0 

Average reduction = 15% 

Source Sacco a'nd Hajj, 1976. 

The respondents were asked how much the change 

in petrol price made to their personal or family driving 

habits. Average respondent's reduction is 15% against ob- 

served reduction of 12.7% revealed by traffic volume count- 

ing as shown in Table 7. The respondents have different 

at-titudes towards reduction in car travel. This con- 

firms clearly the impact of household income on such a 

policy as increasing petrol price. 
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Table 7. h 

Change in average traffic volume 

Month Year. 
Average daily 
traffic change 

October 1973 - 
November 1973 -2.8 
December 1973 -10.7 
January 1974 -12.7 
February 1974 -8.5 
March 1974 -8.6 
April 1974 -3.1 

Source Sacco and Hajj, 1976. 

Table 7. shows that the observed reduction 

was gradual, indicating that the perceived price of petrol 

is also gradual, and it diminishes after some time because 

the wage increase 'at later stages will cancel out this 

effect. 
7.5 EXAMPLES OF SUDDEN PETROL PRICE 

CHANGE ON TRAFYIC. 

Consider if it is wanted to reduce the traffic 

on the'roads by 50%, then by how much must the cost of 

travel be increased? Knowing that 50% of the operating cost 

comprises the price of fuel. 

Formula 6.46 

1.0 - 0.5 0.5 

v 
h=v1.5 (increase in speed because of 

b 
speed-flow relationship) 

2B 
B+A 
1.5 

. 33B + . 5A 2B 

A=1.57 B=3.34 B 
.5 

=6 . 68 Pb (B =2Pb 

(6.46) 
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Xp+X 

x 

lp xL 

x 
p 

x 

p a 

=1 

=3 (assumed) 

. 75 

. 25 

AX (f rom 
p 

(7.5) 

(7.6) 

(7.7) 

(7.8) 

7.4) 

. 75A P 
a 

. 25A . 33 P 
a 

AP+ . 33 P =. 1.33 P 

1.33 P6 . 68 Pb 

Pa5Pb 

that is to say the petrol price must be increased five- 
fold to reduce traffic by 50% on the roads. 

This is confirmed by Webster. 1977 and we quote 
the following froip TRRL 771. "One way of transferring people 
from cars to buses if this was desired, would be to make 

all car travel expensive irrespective of destination. This 

could be achieved by raising fuel prices but the use of the 

TRRL model LUTE indicated that fuel price would have to be 

increased-five-fold before the mean Journey distance by car 

was halved". If the policy of increasing petrol price by 

five-fold is not practical, what will be the petrol price 
for 20% reduction in traffic? 

R1- .2 
h 1.2 (assumed) 

2B 

1.2 
A 

. 67B + . 8A = 2B 

A=3.33 Pb 

Xp+XL=1 

x 

x 
P- 1.25 (assumed) 
L 
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x 

. 55 

xL= 45 

55A =p 
a 

45A = .8P s 
AP+ .8P1.8 P 

aa 

1.8 P=3.33 Pb 

P=1.85 Pb 

This indicates, that for petrol price to be altered from 

75 pence per gallon to 138 pence per gallon one might expect 

20% reduction in car trips. However, this situation might 

lead to some transference of people from cars to other modes. 

For increasing R by 50% 

R 1.5 

h .8 
2B 

1.5 
B 

+A 
.8 

1.5A . 125 B 

A 0.0833 B 

. 1666 Pb 

Xp+XL 

x 

xp4 
L 

x .8 p 

xL .2 

. 8A P 
a 

. 2A . 25 P 
a 

AP+ . 25 P 1.25 P 

1.25 P . 1666 Pb 

000P=0.133 
Pb 

indicating that reducing petrol price from 75 pence/gallon 
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to 10 pence/gallon, the traffic will increase by 50%. 

Alternatively, what happens if petrol price is reduced by 

20% 

4P 
4Pb2Pb 

XxL 

xL 

x= 445 
p 

xL= 555 

. 445 A 

. 555 A 1.25 P 
a 

AP+1.25 P2 . 25 P 
aa 

pa= .8P 

1.8 P 

R=b_= _4 1.05 
2Pb+1,8 Pb3.8 

The traffic will be increased by only 5% for 20% reduction 

in petrol price. 

The changes in petrol price and in speed for 

the two situations Before and After as outlined in this 

section usethe generalised cost formula. The car operating 

cost formula for 1973 is presented diagramatically in Fig- 

ure 7.8. with the resultant change in value of (R) rate of 

trip change. -In 
Figure 7.9 a perspectiv, e response sur- 

face is shown for generated trips wit-h the variation of speed 

from 20 kph to 40 kph and with different amounts of the 

route improvemento based on the 1973 data. 

It must be noticed that households will lie on different 

points of the response surface, each according to its pos- 

ition in the study area with respect to the route improved. 
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The two main factors in the model are the eff- 
ect of monetary change in the cost of trip, & change in the speed 
of travel on the network (reflected in the values of both (A) 

and (h)). While the increase in petrol prices (in real 
term and introducing parking charges reduce the amount of 
car travel, the provision of higher speed will increase it. 

Both situations represent present day 

frustrations, firstlyconcerning the environmental impact of 

car trips on CBD areas, and secondly the poor quality of 

roads which exist in many areas. This is the important fact 

of urban life, which is why people ask for better roads. 
These increase trips by such amount that both user and non- 

user may suffer afterwards. 

There is no simple solution for this paradox 

inherent in transportation planning. An examination of 

the model (formula 6.46) reflects exactly this conflict, 

i. *e., it shows how to increase R (number of trips), wanted 
by a group of people, but in consequence the same group of 

people , and others also, request a reduction of (R). The 

compromise between. a fair amount of travel without disturb- 

ing the environment , needs more than just planning aspects 

into modelling, which has not yet been investiga ted. 

7.6 SUMMARY AND CONCLUSIONS. 

The resources needed for travel consist of both 

time and money. Each household has a fixed amount of money 

allocated for travel (travel money budget). The share of 

travel by each mode depends on the level of service pro- 

vided by that mode. In addition, there is a travel time 

budget. These two budgets are interrelated and by different 

amounts according to household economic status. 

Network improvement yields higher speeds for 

car travellers. Consequently there is-a saving in time for 

the traveller and this implies an increase to his real in- 

come if he places any monetary value in time savings. This 

may encourage the traveller to increase his number of trips, 

which results in a willingness to pay some extra money by 
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an amount to bring him to a new equilibrium point in the 
trade-off between time and money. 

Any network change affects the relative price 

of the various commodities or activities to which he allo- 

cates his time and money. This is because the components 

of their price to him, which consists of the generalised 

cost of travel, has changed. In general, he may be expected 

to shift his behavior in favour of those activities whose 

price, in terms of generalised cost, has fallen most. That 

is, he will tend to change his travel patterns in favour of 

activities which are at further distances from his location 

and away from activities which he formally carried out at 

or near home. The frequency, destination and length of the 

trips he makes will be increased as a result. These were 

the various possible reactions to change in the users cost 

of the transport network as outlined in this chapter. 

From the summary on Table 7.4 the following 

points can be concluded: 

Households behave differently in their desire 

for tripmaking and their response to changes in the Ivel of 

service provided. In order to be precise, different gener- 

ated trip models must be applied appropriately for each 

household income group. For example; that group of people 

who have access to firm's car, the expense of which is borne 

by the employer, have only the constraint of their own time. 

This would typically be a high income group, with a con- 

sequent characteristic of high appreciation of time, i. e., 

their time budget will be the same Before and After (Model 1) 

1). By contrast, there is the lowest 20% income group who 

are more transport deprived - especially in car travel. This 

is shown by their trends of household income and expendit- 

ure on running a car. This group will take the opportunity 

of saving money by not increasing their rate of trips Before 

and After. They may even lessen their trips if costs 90 UP 

as with a fuel price increase (Model 2). 

Households in group 2 are likely to continue 

spending the same money budget on travel by car Before and 
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After. If there was real improvement, i. e. # decrease in 

cost and time of trip, this group would tend to increase 

trip rate to a limit permitted by money budget (Model 3). 

Lastly, there are the households in the third 

and fourth income groups. Here the time saved may be 

appreciated as extra money, even if used for leisure; the 

rate of trips will rise according to generalised cost bud- 

get (Model 4). This indicates clearly that people with 
different economic backgrounds respond differently to the 

level of service provided by a transport facility, and each 

group will behave according to the constraint put on them. 

The generated trip models can be a guide for 

predicting traffic for short range periods, i. e., opening 

a new motorway, bridge, etc., or investigating the effect 

of petrol price change on behaviour of travellers in trip- 

making. 

It has been recognised that possibly the gen- 

erated trip diminishes as the other components grow and 

crowd it out. Therefore, for long range planning, the 

model applicable is "General Share Model" which takes acceunt 

of bothgenerated trips and trip generation, which effect- 

ively means joining the trip generation box (as discussed 

in Chapter 1 (see Figure 1.1. ) ) with network analysis box. 

(i. e., the missing arrow mentioned by Wilson (section 6.1) 

has thus been put back). A further discussion of this con- 

cept follows in the next chapter. 
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CHAPTER 8 

TRAVEL PREDICTION, 3 

APPLICATION OF' GENERAL *SHARE MODEL (GSM) 

CAR TRIPS 

8.1 INTRODUCTION_ 

For long term planning the trip generation could 

be based on application of GSM to private travel (car trips) 

and public transport (person trips). 

The GSM as formulated in Chapter 6 is applied 

to compute average trip rate made by households of differ- 

ent'income for different trip purpose. The results are 

presented in the form of tables and diagrams which could 

be used as a guide for predicting total trip origins at a 
I 

zonal level. 
In this chapter, only car trips are considered, so 

eventually th e subscript used for type of mode (K) is 

dropped from the formula. The discussion is based on a time 

unit of one week and trip rates are thus "average weekly" trips. 

For more _ýfpecif ic daily, -p-eak'and of f -p-eak tr-ips, thýe past trend 

in travel variations can be related to average weekly rates. 

The data given in FES reports, 1972, concerns 

income and expenditure on running a car. Information 

about travel characteristics is given in NTS 1972/73. These 

two sets of data can be combined to produce average trip 

rates. Other important information about car operating 

costs-, ' given in TRRL report 661 for year 1973, are used although 

assumptions are made concerning average speeds The 

available data is used mt dif f erent levels of disaggregation: 

First, on average household with only one average speed 

for all trip purposes : Second, by household income group 

both on one average speed and for different average speeds 

by purpose of trip. 
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Car trip characteristics as given by NTS for 
year 1972/73 are shown in Table 8. a. 

Table 8. a 

Purpose Desc. ript. ion distance % trip 

1 To and from work 25 31 
2 In course of work 19 9 
E Education - - 
3 Shopping 13 20 
4 Entertainment 7 8 

5 Personal, social 17 15 

6 Holiday, pleasure 19 17 

Total 100 100 

Total number of households in the sample = 7j113 

Total number of trips = 78p593 

Total distance travelled (km) = 964j915 

Source NTS. 1972/73 

8.2 NOTATIONS AND TABLES 

The notations used in application of General 

Share Model (GSM) for car trip generation are composed of 

three parts : first the notation for observed data, second 

the notationfor predicted values of observed data and fin- 

ally the common notations. 

H0 Total number of households in zone of origin, 0 

Hi Number of households in zone 0. with income group i 

PI Percentage of households in zone 0, wtih -income i 

z1: Total distance travelled by H0 

z 
lik 

Distance travelled by household in income group 

for purpose Z 

z Distance travelled by average household, for 

purpose I 

a 
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z2 

z2 

c 

Cu 

C 

C. 

c 

v 

v 

S2. 

i2.. 

K1 

M 

M. 
1 

N 

N1 

Total number of trips made by H0 

Number of trips by household in income group i, for 

purpose Z 

Number of trips by average household for purpose Z 

: Average-overall-trip length 

: Average trip length for household income group i, 

for purpose Z 

: Trip length for average household, for purpose k 

Average-overall-cost per unit distance 

Average cost per unit distance for household income 

i, purpose Z 

Cost per unit distance for average household, for 

purpose k 

: Average-overall-cost per trip 

: Average cost per trip for household income i, 

purpose Z, 

: Cost per trip for average household, for purpose k 

Average-overall-speed 

Average speed for household income i, purpose Z 

Speed for average household for purpose Z 

Percentage distance travelled for purpose k by H 
0 

Percentage distance travelled by household income 

group i for purpose k 

Percentage of trips for purpose Z. by H0 

Percentage of trips for purpose Z, by household 

income i 

Average household income 

Average household income in group i 

Percentage of M, spent on running of car 

Percentage of M., spent on running of car 
1 
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E: Money spent on running of car for average household 
E: Money spent on running of car by income group i i 
Pz: Percentage of E or Ei spent on travel for purpose t 

Correction factor 

t : Trip rate per week for all purposes 
t iz : Trip rate by income group i, purpose 
t : Trip rate for average household, purpose Z 

T : Total number of trips 

T : Number of tri ps for household income group i, all 

purposes 

Trip rate for purpose Z 

Qz : Average trip rate for purpose k 

Q: Total trip rate 

for these values see Tables 8. a, b and c, as well as 

Table 8.1 

Predicted values of these notations will appear with 

additional superscriptof (P) for example, predicted 

value o. f S will be SP 
21 z 

From this notation it is clear that the 

level of disaggregation is given on three levels : 

1. Average overall for the zone, i. e., assuming 

all trips is of the same nature. The same trip length and 

average speed is assumed for all purposes. This means only 

one value for each variable. 

2. For household in income groups by purpose of 

trip, it is possible that there exists different average 

trip lengths(for same trip purpose) for different house- 

hold income groups, and different speeds for different 

purpose and so on. This means different matrices can be 

constructed for each variable. 

3. - For average household, it is convenient to pro- 

duce variables for each trip purpose. 

However, the level of disaggregation depends 

mainly on the data availability and the nature of the study. ' 
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The combination of these three levels of disaggregation 

might be adequate in some circumstances. For example 

disaggregation of households into income groups, and different 

time lengths for each purpose, common to all household in- 

come groups might be appropriate for some calculations. 

Although variables are based on an average for the 

whole area, there is a possibility that each zone 

or group of zones has its own trip characteristics reflect- 

ing its accessibility. For a more detailed study it would be 

appropriate to deal with each zone in the study area separ- 

ately. 

Table 8. b 

i 
Income 
group 

Mi 
Income 

per week 
F- 

Expenditure on 
for all trips 

Ej 
car 

1 13 2.1 0.28 

2 26 4.11 1.07 

3 38.7 4.87 1.85 

4 50.3 5.16 2.60 

5 86.1 4.65 4.00 

Average 42.82 4.57 1.96 

Source : FES 1972 
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Table 8. c 

Purpose 

z 

Trip purpose % of 
total 
mileage 

Sz 

% of 
total 
trip 

K 
91 

Average trip 
length 

ik (km) 

1 Work 25 31 9.7 

2 In course of work 19 9 25.3 

3 Shopping 13 20 7.8 

4 Entertainment 7 8 10.5 

5 Personal, social 17 15 13.6 

6 Holiday, pleasure 19 17 13.4 

Total 100 100 

Source NTS 1972/73 

To evaluate P. percentage of expenditure all- 

ocated to travel for purpose k, a correction must be app- 

lied to the values of S (percentage distance travelled for 

purpose Z) as follows 

p2 =s F' (6.54) 

cs 

cc 
<6.5 5a) 

ES 
tc 91 

The notations are as given before. 
- 

The value of F is in 

reality a weighted factor applied to the value of S 
P. 

in 

cases only when cost per unit distance is different for 

different purposes. The value of P on this basis, may 

be calculated using the values of S given in Table 8. c, 

with-other values for costs obtained from the operating 

cost formula for 1973 as given in TRRL 661, and Table 8. d 

constructed. 
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Table 8. d 

r 
E Cz 

Average cost/unit distance C 
a 

615+2.37+2 
. 1,5*+'2,. '11+2'. 0'4+1.95 

6 2.206 pence 

Pz=s 
kF 

ýC 1 
expenditure on work trip=S 1 E- 

2.615 
=25 2.206 29. 

.6 
29 

a 

purpose 2=S 
C2 

2C 
19 2.37 

2.206 
20.: 4 20 

a 

3=S 
C 

3C 13 2.15 
2.206 12.17 12.4 

a 

4=S 
C 

4= 
4C 

7 2.11 
2.206 6 . '7 6.6 

a 

5=S 
C5 

= 3C 
17 2.04 

206 15.7 15.5 2. 
a 

6=S .= 6C 
19 1.95_- 

206 
16.8 16 .5 2. 

a 

ci 
s 

91 c =101.9 E =100 
a 

Values of Cl, C 
21 

C 
3' 

C4 .1C5 and C6 are from car operating 

cost formula for 1973, given by C 1.29 + 
26 

+ 0.000045v 
2 

V 
speeds assumed are 20,25,30p 35p 40 and 60 kph for pur- 

pose 1 to 6 respectively. 

From these notations, the following expressions 

are true (Note that the unit time is a week). - 

Average trip length 
Total distance travelled in zone 0 
Total number of trips in zone 0 

Z1 

Z 
(observed, all purposes) (8.1) 

Average trip length for = 
Distance travelled forpurpose Z 

purpose 
Number of trips for purpose j 
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z1SSk 

xz (observed) (8.2) 
2K2, 

Kz 

where values of S,, K and 1 can, be found in Table 8. c. z 91 
Cost per trip for Average trip length for purpose, 9 x 

purpose Z Cost per unit distance for purpore k 

.0. 
iz0 

and c 
a 

(8.3) 

(8.3a) 

Money spent on running of car by household income group i 

= Average household income in group ix 

percentahe of expenditure on running of car 

E=MINi (see Table 8. b) (6.42) 

Average cost per unit distance for all purposes 

summation of cost per unit distance for all purposes 
number of purposes 

r 
E C9, 

.0 Z=j 
c (8.4) 

ar 

for equal cost pei unit distance for all trip purposes 

Ca=CC percentage distance travelled for purpose X (8.4a) 

distance travelled for purpose 100 
total distance for all purposes 

000S1Y. 
100 (8.5) 

kz1 

percentage trips made for purpose k 

number of trips for purposek 100 
total number of trips 

2k (8.6) Kkz 100 (observed) 

percentage expenditure on running of car for purposeO 

(percentage distance travelled for purposet )x 

(correction factor) 

(8.7) 
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and 

Ca 

r 
Es 

-C 1.91 
s V, Carc 

S ic 

(see Table 8. c) (8.9) 

(8.10) 

Car trip rate for purpose k by household income group i 

Expenditure of household income group i on running of car x 
percentage expenditure for purpose X 

cost per trip for purpose Z 

. 
. 1- 

P 21 

Car trip rate for, all households, all purposes 

expenditure on car travel 

average overall trip cost 

tPE (predicted) 
C 

From observations 

trip rate = 
total number of trips 

number of households 

z 
t=H2 (observed) 

0 

(6.41b) 

(6.41a) 

(8.11) 

In Table 8.1 

Total car trip rate for purpose k by all households 

summation of trip rate for purpose-? for all 

households income groups 

q 

QkEti (column summation) (8.12) 

i=l 

Average car trip rate for purpose-e 

total car trip rate for pur ose k 
number of households 
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Re 
(8.13) 

Predicted total car trip rate by household income group 
for all purposes. 

= summation of trip rate for all purposes by household 
income group i 

r 
TEt (row summation) (8.14) 

9. 

then 

E ET 
iT (8.15) ki 

and 

KP 100 (predicted) (8j6) k 
(see 8.6 for observed) 

Predicted total distance travelled by all households for 

all purposes 

(summation of trip rates of all purposes for all 
households) x 

(average trip 16ngth by purpose 

PtI 
(predicted) (8.17) 1 it it 

predicted percentage distance travelled for purpose R, by 

h ousehold income group i=SP 
91' 

q 
Etikxik 

Pi- 
a., S. .1 100 (8.18) 

qr- kEýt. X- 
110 

This formula tells that the percentage of-distance travelled 

ýfor purpose 1, is equal to summation over all income groups 

and over all purposes, of trip rate for purpose k. times 

'average trip length for purpose for households in income 

group i, (because there is possibility of existence of diff er- 

ent trip length for the same purpose for different household 

income - group), divided by the summation over all trip rate 

for all purposes and all households. However, on the 

assumption that different household income groups have the 

same average trip length for the same trip purpose, equation 

8.18 can be reduced to 
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SS sp 100 k iQtxz 
(-predicted) (8.19) 

predicted average trip length for all purposes. 

EEt 
ip =ikT (predicted, 

all purposes) 

predicted average trip length for purposee . 

ip = Rp 
Kp 

2, 

8.3. TRIP RATES FOR AGGREGATE DATA 

8.3.1 Trip Rates for Average Household, 
all purposes. 

(8.20) 

(8.21) 

The observed data given in Table 8. a, b., c azxd d. all 

all abstracted(from NTS 1972/73 and FES 1972, on the basis 

of average household income. From these observations the 

following variables can be computed : - 

Total distance travelled by 
Average trip length = all households (all 

Total number of trips purposes) 

z2 

964p915 
x 78,593 = 12 km (Table 8. a) 

Average trip per household - 
Total number of trips 
Number of household 

z2 

H 
0 

t= 
78,593 

= 11 trip/week 
7,113 

(observed, Table 8. a) 

Therefore the observed trip rate per household per week is 

equal to 11 trips for all purposes. On the other hand to 

predict the number of trips, by relating the household 

expenditure and trip cost with the number of trips made per 
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household per week, one can proceed as follows : 

Average trip rate 
expenditure on travel 
average trip cost 

S E 
(predicted) 

E 
(6.4 la) 

C can be found from operating cost formula for 1973 given 
by TRRL report 661 

where 

22 
cost = 1.29 + -ý-6 + 0.000063 v pence/km v 

assuming average speed for the data given on national basis 
for all purposes, = 40 km/hr. 

cost = 2.041 pence/km 

cost per unit distance x average trip length 

2.041 x 12 = 24.5 pence/trip 

This indicates that the average household spends 24.5 pence 

per trip in 1973 lor average trip length of 12 km. 

Expenditure. on car travel as given in Table 8. b. 

IE= MN 

where 

M average household income per week 

N percentage of income spent on travel by car. 

E 42.82 x (4.57%) 196 pence/week. 

196_ 
t 24.5 8 trip/week (predicted) 

(6.42) 

Therefore, average predicted trip per household per week 

is equal to 8 trips for all purposes. 

number of trips predicted 
percentage explained number of trips observed 

100 

8 100 72% 
11 

This variation is mainly due to the fact that not all house- 

hold trips which are observed are paid by the households. 

Firms and companies contribute substantially by giving help 
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towards car running costs, or in some cases by actually pro- 

viding a car for the exclusive use of their employees. In 

support of this, the following is quoted from Transport 

20000 1976 : "the National Travel Survey is helpful in 
indicating some of the benefits paid or provided by employ- 

ers to car using employees. Business expenses of some sort 

or other were received by 28% of all car owners and 22% of 

privately registered car". 

In 1972 there were 12.7m cars in Britain. 4011'o'- 

60% of all new cars are company registered. 65% of all 
British executives have company cars against 38% in the 

United States (Hamer, 1974). However, other reasons for 

the discrepancy between 11 trips per week observed a. nd 8 trips 

per week predicted are : 

1. The speed is only assumed. 

2. The vehicle operating cost formula is not appli- 

cable for periods outside its range. There is the possibil- 

ity that household income groups might experience different 

cost per unit distance for the same trip purpose. The items 

included in operating cost are slightly different from that 

of FES. 

3. The same percentage of distance, and number of trips 

were applied to all household income groups; these char- 

acteristics might differ by income group. 

4. The NTS 1972/73 contains data for two different 

years, while application of expenditure based on FES Report 

considered only data for 1972. 

5. Although the samples came from the same populat- 

ion, the sample of FES is different from that of NTS, i. e., 

implicitly it was assumed that households in NTS had the 

same income distribution (20% in each income group). If the 

income distribution of households in NTS sample is not 

similar to that in the FES survey then a bias can be 

expected. 
It is worth remembering that the value of time 

used in TRRL Report 1973 is 81 pence per hour, on the basis 

of average speed 40 km/hr, the value of time according to 
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this study is 40 x 2.041 = 81 pence/hr. speed multiplied 
by cost per unit distance. 

8.3.2 Trip Rate for Average Household by 
Purpose of Trip. 

It became clear in Section 8.2 that average 

trip length for purpose Z is given by :- 

= 

where all the terms are as defined before. 

Table 8. c shows that average work trip length which is given 

by :- 

s 

work K 
work 

work 

12 
25 

= 9.7 km (purpose 1) 
31 

on the same basis, average trip length is worked out for 

all other purposes. 

The formula given 'by 6.41b 

EP 
KI 

Kk ý- - 
EKx 

This can be reduced to 

In the situation of only one speed assumed for all purposes, 

the value of P can be shown to be equal to SV i. e., per- 

centage of E.. allocated for travel for purpose-e is equal 

to percentage distance travelled for purpose Z. 

Pt s 
91 or F1 

This can be shown by :- 

E 
t2 (for mode of car) 

C 

(8.2) 

(6.4 lb) 

(8.7) 

r 

P5= 

s 

91 1 
ca 

(8.10) 
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Average. cost per unit distance is equal for all trip pur- 
poses in this case. 

cca (8.22) 

P. Z s (8.23) 

and 

Sz 

Cz= (X 
K 21 

)C 
91 (8.24) 

tK (8.25) SCCxx 

Kz 

tz 1.96 
K8K (8.26) 2.041 x 12 

Where the values of E= 196 pence obtained from Table 8. b 

and. C. = 2.041 from cost formula of 1973, and 1= 12 from 

observed data as given above. This formula indicates that 

average trip rate for each purpose equals 8 times (K 

where K is the percentage of trip for purpose Z. if 

values of IK 
z 

from Table 8. c are substituted in formula 8.26 

the following. trip-rates for each purpose are obtained. 
ti 8x 

. 31 = 2.48 average work trip/household/week 

t28x . 09 = . 72 average in course of work trip 

t38x . 20 = 1.60 average shopping trip 

t48x . 08 = . 64 average entertainment trip 

t58x . 15 = 1.20 average social trip 

t68x . 17 = 1.36 average holiday trip 

Total trip, ý=8.00 per household/week. 

To check percentage of distance for each purpose 

= (8.19) 

S 
(2.48) 9.7 

7- 
24 

1 (2.48)9.7+(. 72)25.3+(1.6)7.8+. 64(10.5)+ 95.8 
(1.2) 13.6+ (1.36) 13.4 

= 25% i. e., work trips represent 25% of all distances 

the values of S 2'S3'S4S5 and S6 are 19,13,7.17 and 19 

respectively. 
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These values of SP are the same as shown in 
Table 8. c, which is originally assumed, furthermore, KZ for 
each purpose us automatically satisfied. 

To compute the number of trips per zone, the 
value of = 8) simply multiplied by the number of house- 
holds in each zone. 

r 
E. P z 

car C 
Total trip by car (6.49) 

8H for eachorigin zone 0 
These values will be an input for trip distribution. How- 

ever, if trip distribution is made separately by purpose 
then 

H 
car 0 

2.48H 
0 

for work trip and so 

on for other purposes. 

This kind of disaggregation has some disadvan- 

tages. While-it is evident that higher income groups ex- 
hibit higher trip rates for each trip purpose, the applicat- 

ion of these trip rates will over-estimate the total number 

of trips in zones whose average income is under the average 

of study area, while zones with higher average incomes than 

the study area will be under estimated. In these circum- 

stances if analysis by household income groups could not be 

done because of lack of data, some corrections are needed 

to trip rates in zones believed to be highly prosperous as 

far as residents income is concerned, as well as to poor 

income zones. 

8.4 
. 

TRIP RATES FOR UISAGGREGATE DATA. 

8.4.1 Trip Rates by Household Income Group, 
the same Speed for all Purposes. 

The availability of data is the major factor in 

considering the level of disaggregation of the analysis. 

The travel characteristics of household by income group 
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might be different, for example average work trip length 

for higher income groups probably is longer than for lower 
income groups. In addition, it is probable that percentage 

of work trips (as measured by K 91 ) is different by household 

income groups, as well as percentage of distance travelled 

for work trip (as measured by S 
91 

). The data on this level 

of disaggregation is not available from NTS, therefore, 

the assumption is made that (I 
z) average trip length by 

purpose is common for all household income groups. The 

same is assumed as far as values of S 
91 and Kz are concerned. 

In Table 8.1 the values of variables is as 
follows : 

Household income groups :i 5 

Number of household in each income group H 20 
1 

H 100 
i 

Aveirage weekly income M = as shown in Table 8. b 
i 

Percentage of income spent on N = as shown in Table 8. b i travel by car 
Money spent on trivel by car Ei= as shown in Table 8. b 

where 

EMiN (6.42) 

Average trip length by purpose X I 

where 

x (8.2) 
kKx 

Value of 1 overall trip length from NTS survey is 12 km and 

values of S 
21 and Kz from Table 8. c. 

Expendi, ture on car travel for purpose P 

P values are given in Table 8. c. 

Average speed for all purpose v= 40 km/hr. 

Cost. per unit distance =C 21 
C values found from operating cost formula for 1973. 

Cost per trip C (8.3) 

where 

CC0x (8.3) 
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On this basis, i. e., one average speed for all purpose, the 
trip rates t 

12' 
is computed for each cell in Table 8.1, 

where 

P 

21 

this formula can be reduced for this circumstance to : 

pt =s 91 
for 

s 
2, cz =ckx 

ct =c9. xt 

st 
x-K 

Sa 

K 
21 

EISkEiKz 
tS 

ckxK 

For the same household, for different trip purposes 

(6.41b) 

(8.7) 

(8.3) 

(8.2) 

(S. 3a) 

(8.4 a) 

(8.27) 

(8.28) 

tEK1EiK3K1 

t 
(8.29) 

13 CK3 

Where 1 and 3 denotes the work and shopping purpose. This 

indicates that the ratio of trips for two different purposes 

for the same household income group is the same as ratio of 

percentage of trips for each purpose (K 
21 

). 

For two households in different income groups, 

for the same trip purpose the ratio is as follows 

EK 
21 

t (8.30) 
it C 

EK 
t 

2Y, a 
(8.31) 

t 
lk 

-E1 t 2k E2 
(8.32) 
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This indicates that for the same trip purpose, the ratio 
of trip for household income group 1 and 2 are the same as 
ratio of their expenditure on running of car. 

In Table 8.1 : 

Total trips = 

Q= EQ9 = ET 

Q= 40.0 

Average for one household 

40 
-8 trips 5 

Total distance travelled 

L=E 

= 480 km. 

Checking for values of S 

pL 
work Qwor]kRwork 

_480 100 = 25% 
12.36 x 9.7 

This value is the same as observed value. 

Other values of (S k) also satisfy this constraint. 

Checking for values of K 
Y, 

p=Q 40 31% 
work Qwork 12.36 

(8.33) 

(8.34) 

(8.35) 

(8.5) 

(8.6) 

This value is the same as observed value. 

Other values of (K also satisfy this constraint. 

In Table 8.1 : 

The trip rate for a household income group i is 

denoted by Ti for all purposes. Ti ranges from 1.12 trips 

per week for lowest household income group to 16.33 trips 

for highest income group. This indicates the importance of 

the income on trip generation. 

The values of Qz is the same values as previously 

computed in Section 8.3.2, which is given by t 
21, 
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8.4.2 Trip Rates by Household Income Groups, 
with Different Speeds for each Purpose. 

The same procedure is repeated as in Section 

8.4.1 but assuming different speeds for each trip purpose. 

The speeds as shown in Table 8.2 are ranging from 20 kph 

to 60 kph, with lowest speed assumed for work trips on the 

basis that these trips are performed mostly during peak 

hours. Again the same formula(6.42)is applied for each 

cell and (t 
it 

) number of trips made by income group i for 

purpose k is computed. 

(P 
z) 

is used instead of S 
P, 

because the (F) values are not unity as in previous section. 

The valuei§ of Pi used aria shown in Table 8.2. The value of 

(t it ) for each cell is computed as follows: 

c 
(6 . 41c) 

For example, work trip rate for household income group 4, 

(i = 4), for purp6se work (k = 1) is : 

260 x . 29 
= 2.97 

4v1 25.36 

where 

E expenditure on travel by car 

household income group 4 

P 91 percentage of E allocated for 

work trips 

C 21 average trip cost 

CCX 21 P. 0 
11 

Y, 

where 

(6.4 1c) 

185 pence for 

(Table 8. b) 

= . 29 (Table 8. d) 

C cost per unit distance, at assumed speed v, = 

20 kph for work trip, from operating cost 

formula given in TRRL 661 where 

cost = 1.29 -r- 
26 

. 000063v 
2=2.615 

pence/km V 
and average trip length X 2, is given by 

S 
X2 x K 

(8.3) 

(8.2) 
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where X is average overall trip length and S 
91 and K 

91 is 

percentage of distance and percentage of trips for work 

purposes 

25 x 
work 

"ý 12 
31 - 9.7 km. 

where 12 is computed on the basis of national average 

Average overall trip length = 
total distance travelled 
total number of trips 

964,915 
12 km. (Table 8. a) 78,593 

values of S 
21 and K 

P. is given in Table i. 
c where 

25%, K£ = 31% 

In Table 8.2 : 

T. t 
1 2.19.. 

Q =Et. 2.1 i9.. 

(row summation) 

(column summation) 

(8.36) 

(8.37) 

Q, t (8.38) 

where 

T is trip rate for household income group i 

(all purposes) 

9. 
is trip rate of average household for purpose k 

Ti is ranging from 1 trip per household for lowest income 

group to 14.8 trips per household for highest income group. 

T=T, (8.39) 

=T (8.40) 
Zj 

where 

T total number of trips 
T average number of trips 

T 36.25 

36.25 
T57.24 

To satisfy the original constrains regarding 

sx and K 
21 : 

zEQ 

11.19 
ý 31% for work trip, K 

36.3 
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K2, K3. K4vK5 and K6 can all be reproduced as original 

values, which is given in Table 8. a. 

sp= EQ 434 (8.42) 
EQ X 
zzx 

= 
11.19 (9.7) 

25% for work trip, K =1 434 

S 
lp 

S 
2' 

SV S4' S5 and S6 can all be reproduced as original 

values, which is given in Table 8. a. 

This shows that the GSM models have the advantage that they 

are internally consistent. 

The predicted average overall distance can also 

be reproduced as follows : 

EE tEQ 
(8.2) TT 

434 
= 12 km. 

36.2 

By computing say different work trip lengths for different 

household income groups, as well as different values of S 

and Kx for different household income groups, the figures 

in Table 8. c are applied to all household income groups. 

In reality, however, household income group has its own trip 

characteristics ,i. e. f or a detailed study., base year travel 

characteri. stics (as in Table 8. c) must be provided for each 

household income group. 

The other information needed relates to cost per 

unit distance, hence cost per trip for different purposes. 

The cost formula for 1973 is then applied and the results 

are shown in Table 8.2, after some assumptions were made 

about average speed for each purpose. However, the same 

argument is true for cost per unit distance for different 

purposes for different household income groups. The cost 

formula which appears in TRRL reports, usually takes a re- 

presentative car engine size (1400 cc in 1973), but accept- 

ing the fact that households with higher income levels use 

larger cars, the cost of those will be higher than average. 

Therefore, there is a need to use different operating cost 
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formula, according to actual engine size by income group. 
The application of national data avoids any tendency towardso- 

ver or under estimation of total trip rates. This is because 

the aggregation of households into income groups is even 
(20% of household in each income group), but this by no means 

guarantees that the trip rates for individual household in- 

come group is not biased. 

The results of trip rates by purpose of trip, 

from Table 8.2, are presented diagramatically in Figures 8.1 

and 8.2. It is evident that the work trips have a major 

impact on the amount of travel, and the higher income groups 

always exhibit higher trip rates for each travel purpose. 

The scale of income is presented in these graphs 
both on the basis of discrete income and also on the basis 

of income groups. The aim of establishing such relationships is 

obvious, viz the task of forecasting (number of trips) at a 

tonal level will be more meaningful if it is done on the basis of house- 

hold income groups because the effect of inflation has been 

eliminated. Knowing the number of households in each in- 

come group (H 
i 

), and multiplying by appropriate rate of 

trips by purpose, and summing overall household income 

groups, the resultant will be total number of trips origin- 

ated from zone 0, which can be used as an input to a trip distribution model. 

It is also a fact that average household income 

and average trip rate fall on the same line for all purposes 

(Figure 8.1). This average can be used only if the house- 

hold distribution by income (20% of household in each income 

group) is spread evenly. These types of curves can be 

established for any particular area, which might be differ- 

ent from national average. However, for rough estimates, 

one can apply national trip rates after some correction re- 

garding the character of households in the area under study. 

8.5 TRIP RATE CHANGE DUE TO SPEED OR AVERAGE 
TRIP LENGTH FOR HOUSEHOLD INCOME GROUP i 

The effect of change in speed and trip length on 

trip rate can be found as follows: 

EIP 21 
ty (6.41c) 

C 
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ct =cx (8.3) 

Two cases are presented : 

Case 1- Improvement : speed increase from 20 kph, with 

same average trip length 

EiPEP 

cc 
(8.43) 

ckx 91 xi 

From speed 20 kph to 40 kph for any trip purpose 
t 

tCC 
L40 Z40 X20 

= 
2.615 

t Y. 20 IT ", 
C 9,40 2.041 

1.28 increase in rate 

C 
X20 

From speed 20 kph to 60 kph for any trip purpose 

Y, 601.34 increase in rate t 2,20 

From speed 40 kph to 60 kph 

t Z60 
1.05 increase in rate t 

L40 

Case 2- Improvement building new links or change in 

land use : 

For change in average trip length, same speed 

x 9, a 
"ý aXY, b 

(8.44) 

where X Ra : average trip length After 

x 
Rb : average trip length Before 

EiPi 
t Y, - (6.41) 

Czx 
21 

Ir 2 

9, a Y. a 2, b OC (8.45) 
t Y, Tr 2x2. 

1; W- x Zb 

, 
*, the trip rate increase is the same proportion of aver- 

age trip length decrease, while trip rate- increase for 

change in speed is proportional to cost decrease. 
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8.6 PREDICTION FOR LONG TERM TRIP GENERATION 

As part of a transport planning process, it is 

usual to divide the area under consideration into a 

number of zones (Section 1.6), and the unit of analysis is 

household (Section 1.10). The information needed is the 

number of households, with their weekly income, in each zone. 
Collecting such planning data can be part of a travel survey, 

or can be obtained from other sources, such as the general 

cencus, the local department of planning etc. Alternatively, 

past trend information may be used to forecast for some 

future years ahead. 

From Figure 5.3, the position of the income 

curve for 1985 can be estimated roughly. This forecast, 

however, even if itiinvolves gome; /-error, may not, cause much 

error in the amount of travel forecast by the General Share 

Model. As outlined in Chapter 5, the average household 

income for each group can be found, then each household 

in the zone will lie in a certain group. This calls for 

the residential location to be assessed, which is the main 

task of each authority at each level of regional land use 

planning. While the number of households for the base year 

can be obtained from survey data, there always remains a 

tricky forecasting problem in allocating percentage of 

households for a zone in each income group. As a guide 

for such a distribution, a Gamma function can be used as 

outlined in Section 2.4.3. 

Other data needed are travel characteristics, 

average trip length (see Figure 5.13), percentage of dis- 

tance travell. ed (by household income group and by purpose 

of travel). This information can be computed from base 

year data (Figure 5.12) which is assumed to remain stable 

over time. 

Cost of travel by private car can be found from 

operating costs formula for base year. Forecasting for tar- 

get year involves some assumptions about fuel price indices 

relative to i-ncome indices. 

The main element in predicting future travel is 

household income, as shown in Figure 5.3. The forecast of 
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average income for a household in U. K. in 1985 is 2200 p/w. Re- 

garding the past trend and the proposed programmes of road 

construction, there is no significant likelihood of any 

higher level of service being provided by 1985 for either car 

or bus travel. The amount of money which will be spent on 

travel is assumed to remain constant as percentage of house- 

hold income (6.2%). There is a slight increase in expend- 

iture on travel by car between 1975 and 1985, i. e., from 

4.87% to 5.0% : the assumed expenditure on travel by rail 

remains constant at past period level of 0.5% : this will 

leave 0.7% for travel by bus. Knowing these figures, the 

problem of forecasting will be confined to translating fixed 

money spent on travel into number of trips by mode. This 

in depends on the future level of service provided and 

average trip length by mode, which can be predicted from 

base year travel characteristics, using a proper assignment 

technique, and the proposed target network. 

The other important factor, as far as car trips 

are concerned, is' forecasting tA: de operating cost. A consider- 

able amount of knowledge is required in this concept regard- 

ing future economic growth and the probable petrol price 

index. However, it is sufficient if one assumes that the 

income indices are a reflection of petrol price indices. 

Accepting this criterion, the cost per unit distance of car 

travel at speed v can be presented by : 

C 1.29 + 
26 

+ 0.000063v 
2 income at 1985 

v income at 1973 

For example, at speed 20 km/hr., cost/km. in 1985 is 

C 2. '615 X- 
200 7.12 at 1985 prices. 
72.46 

The remaining procedure is a direct application of the General 

Share Model, and this implies that petrol prices 

will not rise in real terms between 1973 and 1985 
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8.7 SUMMARY AND CONCLUSIONS. 

The object of the present study is to discuss 

in quantitative terms, so far as possible with the avail- 

able data, the factors that determine the amount of travel 

in a given area. It has been seen how expenditure on 

private and public transport varies with income, it is also 

thought that the disaggregation of population by income 

level represents a logical stratification of the household 

which is regarded as a basic unit of travel. making. 

In this chapter the application of the QenerAl 

Share Model (GSM) as formulated in Chapter 6 is applied to 

car trips. Trip rate by household income group. -- and by 

purpose of trip is based on average weekly travel as shown in Tab- 

les 8.1 and 8.2, and presented diagrammatically in Figures 

8.1 and 8.2. The GSM showed a great internal consistency 

in keproducing the original data. However, the performance 

of the model as a prediction tool can only be evaluated after 

its application to a certain urban area for long term trans- 

port planning. Its performance for such forecasts can only 

give adequate results if the related forecasts of involved 

parameters ca n be carried out accurately. 

The data used is XTS 1972/73 and FES Report 1973, 

with operating cost formula given by'TRRL Report 661 for 

year 1973. The procedure is elaborated and relaxed for diff- 

erent assumptions in the application of the model inthis 

chapter. However, the backbone is the formula given by :- 

E 
(6.41b) 

where 

t number of trips, by household income group i for 
i 

purpose Z (weekly) 

E. expenditure by household income group i on car trip 
II 

PR = percentage of expenditure allocated to purpose Z 

C. z = average cost per trip for purpose Z 

The method of assessing value of Ei became quite 

clear in previous chapters through the analysis of household 
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income and expenditure trends; 

EI=Nim1 (6.42) 

where 

M average weekly household income group i 

N percentage expenditure on running of car 

P is shown to be a function of S (percentage trip distance 

for purposee); for the same cost per unit distance for 

all purposes PS (S can be computed from base year 

travel characteristics) and for different cost per unit dis- 

tance for each trip purpose 

(8.7) 

where F is a correction factor 

r 
cs 

(8.9) 
Carc 

21 sc 

a 

r 
Ec 

(8.4) 
r 

where 

Ca= average cost per unit distance for all trip purposes, 

the value of Ck can be computed from operating cost formula 

which in turn is a function of speed of a particular trip 

purpose. 

c 91 x (8.3) 

where Cx can be found as shown above, average trip 

length for purpose X is given by 

S 

K 
(8.2) 

where 
1T is average overall trip length 

Kk: percentage of trips for purpose 
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It must be emphasised that XZ is directly related to land 

use distribution and accessibility in the zone under con- 
sideration. These parameters can also be computed from base 

year travel characteristics. 

The application of this model reproduced 72% of 
the amount of car trips on national basis. The remaining 
28% represents travel by firmslcars, the cost-of which is not 

paid by households (NTS 1972/73). 
- 

It is found that the number of trips for any 

particular purpose is higher for higher income group (see 

Figures 8.1 and 8.2) work trip rates are higher than other 

trip purposes. The average trip rate for all purposes 

ranges from 1 for lowest income group to 16 trips per week 
for highest income group, reflecting the impact of income on 

car tripmaking and consequently it is vital to predict acc- 

urately the household income distribution by income on zonal 
level. 

The change in trip rates also examined due to 

change in average, trip speed, or average trip length, by 

purpose of trip for certain household income group. It is 

found that the number of trips will be proportional to the 

cost per unit distance in comparing Before and After change 

in speed, and proportional to average trip length Before and 

After for change in land use or building new roads. 

The level of disaggregation is found to be a 

function of data availability. The ideal application of the 

model will be on the basis of each zone, thus the access- 

i bility gained by some zones which affect their trip char- 

acteristics is not suppressed. The prediction for long term 

trip generation is related to many side effects, such as 

prices and income indices. This obviously needs broad under- 

standing of the whole economic situation. However, as a 

simple guide it has been suggested in this study that the 

best single item index related to income index is that of 

petrol price index. 
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CHAPTER 9_ 

TRAVEL PLEDICTION, 4, 

PUBLIC TRANSPORT TRIPS. 

(BUS AND' RAIL) 

9.1 INTRODUCTION. 

Traditionally so called "comprehensive" urban 

area transportation studies have given little consideration 

to public transport planning. Early studies were very much 

car orientated. "The steadily increasing demand for space 

was apparent, highway construction funds were readily avail- 

able and public transport was seen to be, and indeed was, a 
declining industry" (Constinett, 1970). Recently the role 

of public transport has been generally accepted in future 

transport systems. ' 

In the U. K. since 1955 the decline has continued 

but at a decreasing rate. This can be confirmed by the 

trend of bus and coach travel as shown in Table 9. a. 

Table 9. a 

1955 1960 1065 1968 1972 1975 

4.19 3.94 3.91 3.82 3.62 3.49 

Bus, and coach kilometres travelled on all roads 

(thousand million). 

Source : Transport Policy, 1976. 

These trends represent a real decrease in social 

equity., in that people without a car have become less mobile 

probably as a result of cuts in the service provided. In 1971 

buses were running 10% less vehicle milis than in 1961 (Hamer, 1974) 

The nature of input to public transport passen- 

ger cost is responsible for this phenomenon. Cost is 
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mainly labour (60%-70%). In cities the private car and 

public transport compete for the same road space. 

"In London without the car, buses could cope with peak- 

hour traffic flows" (London Transport annual report, 1973). 

Data from other European countries indicates 

clearly that the decline in public transport passenger- 

kilometres is unique in Britain. Furthermore, forecasts 

in those other countries envisage stable or increasing 

volumes of public transport despite rising car ownership. 

The common modes for road public transport 

are mainly buses and coaches. "Public road passenger 

transport provided by buses and coaches can be divided 

into two sections, differing substantially in character. 

On the one hand there is the long distance market in 

which buses have a relatively small share but which is 

broadly prof itable; on the other hand there is the 

local distribution market in which buses have a large, 

though declining share and which is distinctly un- 

profitable", (Gwillian and Mackie, 1975). 

This is mainly due to the fact that this 

industry is very labour intensive and fuel accounts for 

less than 10% of total cost 

9.2 Public Transport Characteristics 

9.2.1 Reliability of Public Transport Service 

The main feature of reliable public transport 

provision is in its level of service, which includes : 
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1. Fares; in general, public transport fares may 
be flat throughout a whole route, or graduated by distance 

travelled. A flat rate fare throughout a whole route, or 

on central major part of it, is self -descriptive. It tends 

to favour the longer passenger trip and penalizes the 

shorter one, but it is simple to collect. "Fares graduated 

by distance travelled provide the greatest equity to the 

passenger if distance travelled is the criterion" (Quinby, 

H. D., 1976). However, in many urban areas different fare 

structures exist, including season tickets (Figure 9.1a). 

2. Time; 
. 

the overall travel time for a given pass- 

enger trip may be thought of as door-to-door travel time, 
_ 

i. e. the time required for all components of the journey from 

origin to destination. (1) access time from point of trip 

origin to boarding stop, (2) waiting time for the vehicle, 

(3) in vehicle time and (4) walking time to destination. 

These various times needed for a trip are a function of the 

frequency of service vehicles on the route, accessibility 

and route configuration. Type and age of vehicles may also 

be important as far as passenger comfort and vehicle per- 

formance is co. ncerned. The problems of providing high 

frequency and more accessible routes contribute to increase 

the total cost of operating a public service which cannot 

be justified economically. Another inherent contra- 

diction and conflocting dilemma in public transport service 

is that when waiting time is reduced for some passengers, 

others will suffer from the result of extra in-vehicle time. 

Beside the facts that the true costs of car 

use are higher than those perceived by the users, and 

private car travel gives privacy and convenience, the total 

time needed (door-to-door) is higher for public transport 

than for car. In one study (Hillman et al, 1973) it was 

found that the average time needed for short journeys of 

3,5 and 7 kilometres are as shown in Table 9. b. 
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Table 9. b 

Distance-in (km) Car time Bus time Difference 
(mins) (mins) (mins) 

3 11 15 4 

5 14 20 6 

7 17 28 11 

9.2.2 Energy Consideration. 

There is one main factor which might change the 

traveller's behaviour in favour of public transport. In the 

U. K., the transport sector accounts'for some 16 percent of 

total primary fuel and energy consumption and of this about I is con- 

sumed by cars, and only 3 percent by buses. coaches and taxis 

in 1974 (Department of Energy, 1976). However, "buses and 

coaches accounted for about 24 percent of all passenger- 

journeys and around 12 percent of total passenger miles" 

(Ball and Percival, 1978). The point is that a very small 

expenditure on energy is used to produce so many passenger 

journeys. The efficiency with which buses can use energy 

can be confirmed from the following table 

Table 9. c 

Use of fuel by cars and buses 

Miles 
Average_system load Peak loading 

per passengers pass-mile passengers pass-. mile 
Vehicle gall. per gall. per gall. 

Average U. K. 
motor car 30 1.3 39 4 120 

U. K. '9-ton bus 7 16 112 75 525 

Source : Harman, 1974. 

More details of energy consumption by mode, given 

in- Table 9.1'. From these tables an energy saving would 

result if many passengers transferred from private to pub- 

lic transport (bus and rail) . 
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Almost the whole energy debate is concerned with 
how to solve the problem of an-unexpected energy ga. D. If new 
sources of energy are not utilised efficiently and economic- 

ally by the end of the century, the appreciation of the 

world's non-renewable energy resources will grow consider- 

ably, then there will be a decline in car usage and this 

essentially leads to higher public transport. 

9.2.3 Environmental Consideration- 

g The growth of road transport has 

been, at least in part, responsible for the destruction of 

many historical buildings, damage to properties and the 

spread of urban areas into countryside. Roads, and mainly 

motorways, requires more space than corridors for public 

transport. 

Among many other effects, the relatively safer 

accident record of public transport, compared with car, 

might also attract some consideration in future with other 

environmental side effects of vehicle use, such as noise, 

fume, etc. 

9.3 Conventional Methods used in Public 
Transport Travel Prediction. 

Uodal split models are used t-o -estimate the 

percentage of- - travellers who, -w, ill use different types of 

transport. 

There are basically three ways in which modal 

split is performed and they are referred to as 

1. pre-distribution 

2. post-distribution 

3. combination or inter-related modal split and 

distribution. 

The type of model used therefore depends on the point in the fore- 

casting process at which the modal choice is made. 

In the pre-distribution type procedure total 

trips are allocated among available modes and separate trip 

distributions made for public transport and for car. 

In the post-distribution procedure total person 

trips are distributed prior to the modal choice. 
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To overcome some shortcomings of these two tech- 

niques Wilson (1974) introduced a combined procedure in 

which trip distribution and modal choice are presented in 

one model. The Ministry of Transport (U. K. ) applied this 

approach for the first time in the SELNEC Transportation Study. 

The generalised cost was used in SELNEC models, and 

the modal split model, followed the distribution model in that study 
The analysis involved the use of discriminant analysis to 

explain people's choice of travel mode. The model takes the 

following shape : 

%PT = 
1 

x (C 
1- 

c2) 

where 

%PT percentage trips by public transport 

C1 and C2 generalised cost of trip by car and public trans- 

pori respecively. From this it can be seen that the per- 

c6ntage use of public transport is related to the general- 

ised cost difference between the alternative modes via a 
I 

logistic function. However, "recently attention has been 

drawn to the weaknesses in the extrapolative method and con- 

sider that the shape of the logistic curve currently used is 

not supported adequately by analysis"(Leitch, 1977) 

Source : Wagon, 1976 

Diagram 9. a 

C-C 
1 
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The following criteria have been used to estimate the value 
of time, in early modal split studies: the 

value of travelling time in non-working hours equals 257, 

of the wage rate; the excess time equals twice the travell- 
ing time; travelling time in working hours equals the 

wage rate. 

The modal choice approach in this study is some- 
what different from these conventional methods. Applic- 

ation of General Share Model exactly on the same basis as 
applied for private trips can yield the number of public 
transport trips by household income group for each purpose. 
9.4 HOUSEHOLD SHARE IN TRAVEL BY PUBLIC 

TRANSPORT. 
9-4- 1 IntrOduction 

The share of household travel attracted by public trans- 

port depends mainly on how the members of each 

household divide the f ixed- percentage of income originally 

allocated for travel by all modes. Consequently, public 

transport usage and the amount of travel by other modes will be 

determined by. the, level of service provided by each mode. 

According to this concept, knowing the household 

income, and percentage of income allocated for travel by 

each mode, the General Share Model can be applied in the 

same way as for car trips (Chapter 8). 

-In 
the following sections the trends of house- 

hold expenditure and travel characteristics are more rigor- 

ously analysed. All references are based on weekly incomes 

expenditure and travel. 

9.4.2 Household Expenditure on Travel by 
Public Transport. 

The method used in Chapter 5 for representing 

household income and expenditure on travel by car, is re- 

peate. d for households' expenditure on public transport (bus 

and rail) for the same period 1965-1968-1972 and 1975. 

Figures 9.1 to 9.4 show, household expenditure 

(cumulative) with ctmulative household number-, Oasted on data from 

FES., 'Tables 5.1 a; b; c; and d. : On the same graphs household 

income and expenditure on travel by carare superimposed for 
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comparison. This kind of presentation f acili- 

tates classification of a. ouseholds into 

five income groups with 20% of the households in each 

group. Households in this study include all householdst 

irrespective of whether they own a car or not. 

The expenditure for the average household, as 

well as by income group, is then computed from these curves 

and-shown in Table 

Figure 9.5 is the overlapping of Figures 9.1 and 

9,4 for years 1965 and 1975 respectively, showing the con- 

sistent shift to the right, both for expenditure by mode and 

income. 

9.4.3 Bus Travel, 
Average Household. 

Figure 9.6 shows average household expenditure 

on travel by bus for the years under consi-Lderation. Curve 

3 represents the trend of expenditure on travel by bus as 

percentage of household income. It falls from 1.63 in 1965 

to 0.855 by 1975, which represents about a 50 percent de- 

cline in 10 years .' 
9.4.4 Bus Travel, 

Household by income group. 

Figure 9.6 shows the expenditqke on bus -travel for each 

-income group of householders. The consistency of each income 

group is obvious; all income groups are declining in 

expenditure on travel by bus; a lower income group always 

spendsmore than a higher income groups (expressed as a per- 

centage of the household income. The fluctuations throughout 

the 10 year period are more for the lower income groups 

than for the higher income groups. Although lower income 

group's spend a greater proportion of their income on bus 

travel than do higher income groups, in money terms the 

higher group. s always spend more than the lower groups. 

This was discussed in Chapter 5 where the real money spent 

was travel "propensity". 

0 
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Table 9. d 

9.4.5 

Income Household propensity 
Group Bus Rail Car 

1 8 5 3 

2 16 9 12 

3 21 14 19 

4 25 22 28 

5 29 50 37 

Rail Travel, 
Average Household expenditure. 

In Figure 9.7, average house- 

hold expenditure on travel by rail is shown. The fixed 

trend in the service provided by rail is 

apparent with an almost constant percentage of household 

income spent on travel by rail (0.5%) throughout the 10 year 

period. 

9.4.6 Rail Travel, 
H-ousehold expenditure by income group. 

Figure 9.8 shows the expenditureton travel by 

rail for each income group of householders. 

The obvious conclusion from the curves is that there 

are relatively very small fluctuations for each house- 

hold income group throughout -the period. Additionally, in 

contrast to bus travel, households in higher income groups 

spend more than those in lower income groups (as a percentage of income), 

but still the propensity has the same ranking order, i. e., 

higher income groups have larger propensity than lower in- 

come group (see Table 9. d). 

9.4.7 Bus and Rail Travel 

In figure 9.9, the trend of household ex- 

penditure on both bus and rail are shown. The trend is de- 

clining, but a more stable trend is obtained when the ex- 

penditure on public transport is expressed as percentage of 

total household expenditure rather than in terms of house- 

hold income. 
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In Figure 9.10, the total household expenditure 

on travel by car, bus and rail, expressed as a percentage of house- 

hold income, shows a remarkable trend; that is ' average 
household expenditure on travel is almost constant (as 

presented in Chapter 5) , at a value of 6.2%. 

. However, expenditure on travel by all modes, as per- 

centage of total household expenditure, shows a rising trend 

throughout this period (Table 9. e) 
The priority for expenditure in different modes 

of travel, measured both in monetary va-lue ani. -as a percentage 

of total household incom6, shows the following travel order : 

(1) CAR (2) BUS (3) RAIL 

Table 9. e 

Year Expenditure on travel by all modes 
as % of total household expenditure 

1965 6.97 

1968 7.50 

1972 7.64 

1975 8.24 

9.5 PRICE INDICES AND TRAVEL. 

Table 9.. 2 shows values of indices for variables 

related to travel, over 7V-ears between 1965 and 1975. The base 

year is 1965 when all index values are 100. These-indices are 

also shown gr-aphically in Figures 9.12 and 9.13. 

ilthough the overall effect of inflation is 

included in this sort of representationt the relative com- 

parison gives some indication as to the way some indices 

affect the amount of travel. Figure 9.12a represents 

indices of income, total household expenditure, and the 

index of expenditure om all goods and services. The trend- 

over the period 1965-1975 showed a consistent increase and 

in 1975 index values reached 295,257 an-* 224 respectively., 
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Figure 9.12b represents indices of money spent 
on running a car, including petrol and service. Over the 
ten year period the trend is also continuously rising with 
the index values in 1975 to being 371,284 and 224 res- 

pectively. The petrol price index has a direct relation 

with the amount of travel by car . The f igure shows that 

from 1973 onwards, the petrol price index increased above 
that for all goods and services. This additiaonal increase 

was also reflected in the trend of household expenditure on 

running of the car. The net effect despite the increased 

expenditure, was less travel, even though households had 

spent the same percentage, or more, of their income on 

travelling by car . 
The figures in Table 9. f also confirm this 

conclusion. The total number of car-kilometres travelled 

suddenly drops as a consequence of the increase in petrol 

price indices. 

Table 9. f 

Passenger journey 

Year by, bus (10 6) 
Car-kilometres 

travelled (10 9 

1972 8.540 184.24 

1973 8.490 194.54 

1974 8.245 188.96 

Source : Transport Policy, 1976 (data for Great Britain) 

Figure 9.13a represents indices of bus fares, 

household expendit ure on bus travel, and expenditure on all 

goods and services. The bus fare index is higher than the 

all goods and services index. This led (even with higher 

household expenditure on bus travel) to fewer pas'senger 

Journeys by bus as in Table 9. f. 

Figure 9.13b shows indices of household 

expenditure on rail fares, and on all goods and services. 

The last two variables are almost the same throughout the 

period, leaving a stability in household expenditure on travel 

by rail. This resulted in an almost constant figure for rail 
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99 
passenger-kilometres (37 x 10 for 1964 36 x 1,0 by 1974, 

Transport Policy, 1976). 

As an example of the effect of these indices 

on the amount of travel, the following analysis is made 

Table 9. e 

1965 1975 

Bus fare (BF) 100 265 

Household expenditure on bus (EB) 100 155 

Rail fare (RF) 100 221 

Household expenditure on rail(ER) 100 261 

All goods and services (AG) 100 224 

For year 1975 

BF 265 
=. -1.183 AG 224 

EB 
= 

155 
= 0.61 

AG 224 

RF 221 
XG = i24 1'0 

ER 
= 

261 
- 1.165 

AG 224 

This analysis indicates that because the bus fare is higher 

than all goods and services, there is less demand by the 

household for this service (travel by bus). 

9.6 TRAVEL PREDICTION. 

9.6.1 Bus Trip Rate. 

The General Share Model is applicable for travel 

by public transport and the variables needed are as follows: 

1. Household income group. 

2. Percentage of income spent on travel for 

certain modes. 

3. Cost of travel per unit distance. 

4. Average trip length by mode by purpose. 

5. Percentage of trip distance by purpose. 
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Bus Travel Characteristic. 

The data from NTS 1972/73 gives the following 

information 

Total household in the sample =H0 79113 

Total mileage/week = Z, = 150v485 

Total number of trips/week =z2= 46p589 

Table 9. f 

Trip purpose SK1 21 
# 21 ZK 

km 

To and from work 35 35 5.16 

2 In course of work 115.16 

E Education 9 10 4.64 

3 Shopping 26 28 4.79 

Entertainment, sport') 4 
eating and drinking 

885.16 

5 Personal social 18 16 5.80 

6 Holiday,, pleasure 436.88 

Total 100 100 

Source NTS 1972/73 
z 

1 
Average overall trip length =X-z (1.6) = 5.16 km. 

Average trip length by purpose in Table 9. f found on the 

same basis. 

From FES Report 1972, (Table 5.2c) average household expend- 

iture on bus fare is (E) = 50 pence 

Cost/km. 
total money spenton bus fare 
total distance travelled by bus 

H0E 7113 x 50 
--1.45 pence/km. z1 150,485(l. 6) 

This means that the overall averag. e trip length is not consider- 

ably different from the average trip lengths for each purpose. 

Moreover, for bus trips, assuming the flat fare rate through- 

out the whole day, the percentage by purpose does not need 

any correction. In other words, the percentage of expend- 

iture on bus travel by purpose is the same as the percentage 
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of distance by purpose. However, for graduated fares by 

distance, the same procedure as for car trips is applicable 

(see Figure 9.1 for graduated fare structure). 

Table 9.3 is the summary of household income and 

expenditure on bus travel for 1972, from FES Report. Bus 

travel characteristics, data from NTS 1972/73, and trip 

purposes are shown with their average trip length and per- 

centage of total distance. The cost per kilometre, as com- 

puted above, is also shown. To compute the average number 

of trips per household in any income group : 

EP 
t-II.. IL - 

CL 
(6.41) 

where 

t it : is the number of trips for household in income group 
i for purpose Z 

P it : percentage money spent on travel by income group i 

for purpose k 

C: cost per trip for purpose.?, 

E. : expenditure on bus travel by household income group i 
I 

For example, income group 3 spends 55 pence/week on travel 

by bus, rate of work trips, (purpose 1) 

t_ . 35 x 55 
= 2.58 work trip/week 

3,1 7.46 

All other--tri. p rates found on the same basis. The results 

are shown diagramatically in Figure 9.14 and as is evident, 

the work trips exhibit greater rates than other purposes. 

The rates show - by purpose of trip - the frequency of trips 

for higher income groups is greater than that for the lower 

income groups. The procedure used in computing the number 

of trips will satisfy the original constraints put concern- 

ing distribution of distance, as well as number of trips 

for each purpose. 

To check the total number of trips made by all 

households (Table 9-3) 
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Average trip rate 
ET 

1 33.83 
6.7 (predicted) E-: --L 5 

Average trip rate 
z2 

46.589 
6.6 (observed) H 7113 

0 
To check total distance travelled 

Q£ X£ = 34.82 

Z, = 34.82 x 7113 = 247.660 passenger-km. (predieted) 

z1= 240.776 passenger-km. (observed) 

the discrepancies could come from rounding the figures. 

These values suggest that the model is rejaible, and can 

predict the number of trips and passenger mileage fairly 

accurately. 

9.6.2 Rail Trip Rate. 

The same procedure as for bus trip rate is 

applicable to rail trip rate. The data from NTS 1972/73 

for rail travel 

Number of household = 71113 

Number of trips = 3p998 

Total distance = 92,419 miles 

i= 92419 x 1.6 
-= 37 km. 3998 

Average number of trip/household = 
3998 

562 per week 7113 

37 x . 562 = 20.8 km. /week. 

Average household expenditure on rail fare = 22 pence/week 

(FES 1972) 

, 
*. Cost/km. - 

22 
_=1.06 pence/km. 20,8 

Cost/trip= 37 x 1.06 = _39.22 pence. 

According to this information the average trip rate by house- 

hold income group for all purposes is computed as. in Table 

9. g. 
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Table 9. g 

---I 
Household 
income group 

Expenditure 
on rail fare 

pence 

Average number 
=-Expenditure of trips Cost/trip 

1 9 
. 22 

2 10 
. 25 

3 15 
. 37 

4 25 
. 64 

5 55 1.4 

Average 22 
. 56 

The values of trip rates as in Table 9. g is average for all 

purposes. Figure 9.11 shows these values with average car 

and bus trip rates. The shape of rail trip curve is differ- 

ent. from the car and bus curves. Its upward conca vity 

indicates that higher income groups spent proportionally 

more than lower income groups. The fact that this curve is 

in a lower position compared with the other two curves in- 

dicates that the rate trips are less. However, considering 

the trip length 37 km. for rail against 12 km. and 5.16 km. 

for car and bus respectively highlights the nature of rail 

as long distance mode on national basis. 

9.6.3 Long-Term Public Transport 
Travel Prediction. 

- 

The assumptions of constant percentage of house- 

hold's income to be allocated for travel by all modes (which 

was the case between 1965-75) is a reasonable one to be con- 

tinued in the foreseeable future. 

The fixed figure concluded in previous chapters 

was 6.2% of income. In Chapter 8 the assumption made was 

that 5% would be the share of car trips in 1985. With con- 

stant percentage of 0.5% for rail trips this will leave 0.7% 

for bus trips. The assumption about income in 1985 was also 

introduced in Chapter 8 (i. e., E200 average weekly income). 

These figures might not be correct but the relating factors, 

apart from funds available in future for public transport 
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service improvement, the possible fare increases, should be 
related to the average income increase. Thus the effect of 
wrong income prediction could be eliminated and the app- 
lication of GSM might give accurate results. 
9.7 COMMENTS AND CONCLUSTOWS 

Urban problems such as energy shortages, con- 

gestion and increasing highway costs (both financially and 

environmentally) are prompting communities to re-assess the 

need for adequate public transport. The consumers encour- 

agement to rely less on private car can only be achieved by 

providing appropriate public transport service. The popular- 

ity of car is mainly due to th, e convenience, comfort, privacy 

and door-to-door journey, and these factors also explain why 

the perceived car cost is less than the actual cost. Apart 

from privacy (which is not needed for all kinds of trip 

purposes) all other factors can be achieved to a certain 

degree to improve the competitive position of public trans- 

port against car by encompassing various service alternatives 

such as conventional bus and rail, metro car and bus pooling, 

taxis, and dial-a-bus and park-and-ride, and shopper mini- 

buses. The i ntegration of some of these modes with high 

technology and well designed financed systems will provide 

fast, smooth, quiet and frequent public transport service. 

Identification of feasible transportation system 

alternatives to serve the community, not on the basis of 

profitability, will be achieved by adopting the community 

goals which provide guidelines including priorities on the 

role and importance of public transport for various commun- 

ity groups (e. g., old age pensioners, school children and 

commuters) and by investigating in depth the consumer 

attitudes and scale of preference of factors related to 

level of service, such as waiting time, walking time, in- 

vehicle time, number of transfers and fares. In addition 

to other factors, like comfort and seat availability. 

The assumption in most early transport studies 

that car ownership is a major, factor in the measure of 

mobilityp is a misleading one. 

In Europe the public transport share of travelp 
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measured in passenger-kilometers, is increasing at the same 
time as car-ownership. A study in the U. S. A. showed that in 
Orange County (1.7 million population), 97 percent of all 
households have at least one private vehicle, and 62 percent 
have more than one. The expansion of public transport from 
five buses in 1972 to a fleet of 103 buses in 1974 has 

resulted in passenger travel increasing from 25,000 to more 
than 520,000 a month. Another 111 buses were added during 
1975. Of those 67 were for expansion of demand-responsive 
transportation (DRT) service and 44 for improved service on 
the fixed routes (Fielding et al, 1976). These authors 
added the comments that only 3 percent of households did not 
have access to a car, and even this minority had friends and 
relatives who provided essential transportation. Yet these 

statistics are deceiving; of 1.7 million people residing in 
the Orange County, it is estimated that 500,000 do not drive, 

they are dependent on others for transportation. 

In the U. K. very f ew examples exist of any sort 

of integrated public transport facilities. However, con- 

sideration of a range of options from high road investment 

with conventional bus services to low cost road improve- 

ment with massively extended public transport might result 
in much better solutions to urban transport problems. 

Some unpublished reports show that the data 

from other European countries indicate clearly that the 

decline in public transport passenger-kilometres is unique 

in Britain. Furthermorep forecasts in these other countries 

envisage stable or increasing volumes of public transport 

despite rising car ownership. 

In this chapter household share of public trans- 

port both by bus and rail on national level has been 

analysed. Throughout the period 1965 to 1975 there is a 

consistent trend of expenditure on travel by rail of 0.5% 

of the average household's income. There is also a constant 

percentage of the average household's income spent on travel 

by all modes (6.2%). By fixing the share of car travel, the 
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remainder will be the share of bus travel. 

For bus travelp lower income groups spend a 

greater proportion of their incomes than higher income 

groups, but in money terms higher income groups spend more 

than the lower income groups. Thus households in higher 

income groups have a greater "propensity", and travel more, 

than households in lower income groups. 

The indices of cost of travel by all modes 

except bus have increased at a slower rate than the general 

cost of living as measured by the "all goods and services" 

index. The bus cost index has risen at a faster rate than 

the general cost of living. The net effect of this is 

that there has been a decline in expenditure on bus travel. 

The GSM was applied to rail trips. Compared 

to travel by other modes, the trip rate for travel by rail 

is very small. However, the average trip length is 37 km, 

which is much greater than t*he averages for car (12 km) 

and bus (5.16 km) journeys. This reflects the nature of 

rail as a long distance mode of travel. 

a 
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CHAPTER 10 

TRAFFIC ASSIGNMENT 

RELATIVE ATTRACTIVENESS METHOD 

10.1 INTRODUCTION. 

"At a certain stage of traffic analysis and/or 
transporation planning, it becomes necessary to compare the 
demand for individual vehicular transport against the avail- 
ability of existing networks. The demand for transport can 
be presented by an origin, /destination 

_(O/D) 
matrix in 

which the various trips between different zones are quanti- 
fied. The trips may refer to an existing situation and be 

directly derived from O/D survey, or be obtained from gener- 

ation and distribution models (Martin et al 1961) according 
to hypothesis of f, uture territorial development" (Taglia- 

cozzo, 1973). 

The network is represented by a graph in which 

the various links and nodes indicate real or hypothetical 

roads and intersections, respectively. Each link or node 

is properly defined by one or more parameters describing its 

function characteristics. Thus "Traffic assignment is the 

transference or allocation of travel demand (in terms of a 

matrix displaying the number of persons or vehicle trips 

between origins and and destination in a particular area)to 

an existing or proposed road or transit network in order to 

determine corridor, route, link or intersection volumes in 

the planning process and for design of the system facilit- 

ies" (. Dulton and Harmelink, 1974). 

Traffic assignment is usually the last major 

stage of analysis leading to the evaluation of future trans- 

portation proposals. With the advent of high speed computers 

the assignment of traffic volumes to large networks has been 

made possible. Since the late fifties many assignment tech- 

niques have been developed (Chapter 2). However, a common 
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fault lies in their lack of convergence to a given 
criterion (Lucas and Davidson, 1974). 

In almost all studies, the journey unit used 
was time (minutes) for specifying the link length. This 

direct dependence on time and hence on speed on the network 
is the main reason why discrepancies exist between observed 

and predicted volumes. 

Instability in the conventional assignment tech- 

niques becomes apparent when a slight, insignificant, change 
in input yields a significantly different output. 

In this chapter a new method for traffic assign- 

ment is outlined which can be used independently of link 

time he model depends on relative attractiveness of each 

available route. A better understanding of the whole 

assignment process can be achieved by using this type of 

model, which is in fact a gravity type model (not used 

before in any form in assignment). The advAntage of this 

type of model is that it can be calibrated separately for peak hour, 

or fdvraatwenty-four hour day. Such flexibility for calibrat- 

ion makes this model Significantly different from conventional 

techniques. Another advantage of this method is that it 
values for the 

provides the / parameters needed in a "feed-back" process 

requiredforthe tripgeneration models outlined in previous 

chapters - These parameters are "average trip 
used in the modelling process. 

length" and "percentage distance travelled"- for each trip purpose 

Before formulation and Application of the assignment model, 

it is necessary to define the assignment criteria. That is, 

to define the concepts which road users follow in selecting 

their urban paths with other related parameters used in 

network description. 

10.2 LOAD LIST AND ZONE CENTROID. 

Traffic assignment is that part of the trans- 

portation system analysis whereby the given set of trip 

interchanges (trip table) is allocated or loaded onto the 

specified routenetwork. A network consists of a 

set of links and nodes with the nodes representing inter- 

sections and the links the roadways between intersections. 
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Usually a study area is divided into zones dnd f or 

each zone there is one or more points on the network where 
traff ic originates and terminates. These points are called 
"zone centroids" and in this work each centroid is the mid- 

point of a suitable link. The diagram below is a simple 

example representing a two-zone study area with zones A and B. 

Figures on the 
links represent 
journey units 
b-etwee, n the nodeb. 

There are three possible centroids for each zone. 

r Table 10. a 

'Centi-oid zone A Centroid zone B Minimum Oath 

A B 20 

B 21 

B3 15 

A B 18 

B2 19 

B 13 

A B1 15 

B 16 

B 10 

From this table it is possible to observe that the centroid 

Diagram 10. a 
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has an effect on the assignment stage, because different 

centroids give different shortest paths. This suggests 
that it is desirable to have a very close look at the 

structure and housing systems, intensity of dwellings and 
feeder's of major links for each zone. By doing this, a 

proper portion of total traffic origins from each zone can be 

allocated to a certain centroid. A load list table can then 

be prepared to reflect this fact. Some studie's use the 

centre of gravity of a zone as the centroid and it is 

connected to nearby nodes. The links between the centroid 

and the nodes of the network are termed "Centroid Connectors". 

An estimated measure of travel time should be given to each 

centroid connector to reflect the average time required for 

trips beginning or ending in that zone to leave or reach 

the zone. The precise specification of these centroid 

connector links requires much care, attention and practical 

expekience as their travel time allocation and geographical 

description can have considerable influence on the choice 

of route assumed to and from that zone (Lane et al, 1974). 
1 

This is a major difficulty in simulating the 

real situation', because vehicles, especially cars, origin- 

ate at different points in space. The above procedure 

will inevitably lead to many details being omitted from 

the network description; many relatively unimportant links 

may not be included which will affect the routes of the 

shortest paths. This is one reason for invalidity of 

comparison between the predicted volumes with obzerved 

ones. Hutchison, 1974 stated that "there are a number 

of potential sources of error in this type of comparison 

and these include (1) errors in the origin-destination 

matrix assigned to the traffic network, (2) errors due 

to ove r simplification of the coded network, (3) errors 

in the assignment technique, and (4) errors in the 

observed traffic volumes". 
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10.3 NETWORK DESCRIPTION FOR COMPUTER ANALYSIS. 

Most transportation planning studies use computer 
techniques to assign interzonal traffic to road networks. 
The techniques all require the road network to be 

described numerically, but the work involved in preparing a 

numerical description from a plan of the network is labor- 

ious and likely to suffer from inaccuracy. 

The"Automatic Network D. escription"system has been 

devised to overcome these difficulties and to enable the user 

to prepare a numerical description quickly and accurately by 

using the D-MAC analyser (1) . 
After storing the network description, it is easy 

to recover it and to produce as many alternatives as required 

in the assignment stage. This can be done by defining the 

"journey units" used in the network description. The sections 
combinations of 

(links) of the network can -be valued for transportation planning purpose in/ 

three units - distance, time and cost. 

Consioering one unit of distance of a sectionp 

as say 1 km, this can have many values in terms of time 

(mins. ); if a vehicle is travelling at an average speed of 

30 km/hr. then the time length of 1 km is 2 minutes. 

A cost unit can also be used - either-the 

actual cost or that perceived- by the user. 

The basic network description which is fed into 

the computer is in the form of coordinates of the nodes re- 

presented by physical distance between nodes. To deal with the 

separation of any two points in terms of time, which is 

often done in conventional transportation planning, a 

weight can be given to each section according to the journey 

time. of traffic on it. Many-other facilities are available 

to modif y network descriptions. 

For more detail see user's guid-e in the Traffic and 

Highway Section, University of Strathclyde. 
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Af ter giving a proper journey unit to each link 
in the network, most transport models use an 
build a minimum tree from an origin zone to all destination 

zones, expressed in the same journey units as used in the 

network description. This important aspect of computer 

capacity, not only in storing such a huge amount of data 

but in producing the lengths of the shortest points (dij) 

for each origin destination pair in the O-D table, makes 

transportation planning possible. 

The value of the computer must be emphasised in 

transportation planning, to investigate the effect of a 

single improvement as well as major improvements on the 

whole study area. This becomes possible only by using 

large computer capacity. 

10.4 JOURNEY UNITS USED IN NETWORK DESCRIPTION 

In this study three types of journey units are 

used for network description 

1. Distance 

2. Time 

3. Generalised cost 

The length of a link in terms of distance is the 

physical distance between the two nodes connected by the link. 

However, for time units an assessment of the traffic speed on 

the links is required. 

A generalised cost unit for network description 

is obtained according to the following procedure: resources 

needed to traverse a unit distance at speed ( )kph and 

Money cost B from operating cost formula 

Time 
1 hours 

Time cost time x value of time (VOT) 

(VOT) vB 

T ime cost -1 vB =B 
V 

Generalised cost (GC) = money cost + time cost 

=B+B= 2B 
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2B represents the length in terms of (GC) for links with 
highest speed, for links with half of the highest speed 

Money cost A=A from operating cost formula 

Time 1=2 
hours 

. 5v V 

Time cost time x value of time 
2 

vA = 2A 
V 

Generalised cost (GC) 2A +A= 3A 

Similarly at speed -1 of highest speed 3 

(GC) = 4A 

Assuming highest average speed equals 60 kph, the following 

table presents the weights which can be used in network 

description. 

Table 10. b 

Journey unit ht W i g e 
Type Speed Dist Time Cost GC Dist. Time GC 

ance 
kph km min. pence/kM 

0 60 1 1 1.95 2B 3.95 1 1 1 

1 30 1 2 2.2 3A 6.60 1 2 1.67 

2 20 1 3 2.615 10.46 4A 1 3 2.64 
2 

3 48 1 1.25 1.98 2.25A 3= 
4.45 1 1.25 1.12 

It is interesting to note that the length of the 

link in terms of generalised cost can easily be established. 

Its weight lies between weights of both time and money, as 

shown in Table 10. b. 

10.5 MEASURES OF ACCESSIBILITY IN 
TRANSPORTATION PLANNING. 

10.5.1 Accessibility Index of a Point. 

Accessibility (A) has played a major explanatory 

role in spatial economic theories of the city. It has been 

considered to be the key variable in the determination of 

urban rents, densities and land uses (Dalvi and Martin, 1976). 
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However, attention has centred on the role of 
accessibility in trip attraction as well as trip generation 
in urban areas, i. e., on the question of whether changes in 

accessibility associated with urban transport investment 

have any effect on travel demand. This is essentially a 
hypothesis about travel behaviour of certain groups of 

travellers. 
In trip distribution models, the gravity models 

almost always include some measures of accessibility. In 

some studies by Wilson (1974) the concept of accessibility 

was introduced jointly with competition for defining spatial 

interaction framework. 

There are of course many possible ways of defin- 

ing accessibility, according to the measure needed in the 

model. 

The index of accessibility, which is not directly 

related to activity, is the one which is introduced here and 

used in the assignment stage. The index gives a weighting 

to a point in the, network according to its centrality with 

respect to all other points. From this it is possible to 

judge the relative-importance of the node or section, or 

even the zone under consideration. 

If this index is expressed as, a percentage, 

ol the total accessibility of. -the network any individual 

zonepossesses a value of (AT. ) which evaluates its 

centrality and the ease of reaching it from all other zones. 

Thus a more accessible link or zone is'one with a higher (A) 

value and it can b. e found that : 

(Al-Sarraj, 1975) 

nnd 
Eij 

A, 
i/n2 100 
nd 

ij 

where 

AI accessibility index of point i 

d ij minimum path from i to j 

the summation overall js (row summation 

the summation overall is (column summation) 

n number of points or zones 

(10.1) 
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In practice the accessibility index for a point represents 
the ease of reaching that point from all other points 
measured in terms of the journey units used. For example, 
a zone may be accessible in terms of time but less so in 

terms of distance. 

10.5.2 Accessibility Index of a Route 

The "All as in formula 10.1 can be used to com- 

pute the accessibility of a route, which can be defined as 
the average accessibility of all links in a route. It can 
be shown that the decrease of "All with increase of distance 

from the centre of town is similar to a regular decline in 

the intensity of land use development, as distance from CBD 

area increases. Since vehicle movement is a function of 

building activities in the town (Buchanan, 1965) it is 

reasonable to expect most vehicle movement in the CBD area 

and the amount of traffic decreasing with the decrease in 

accessibility outwards from the town centre. Similarly, 

low speeds on links and more delay at intersections are 

experienced in the inner city compared with the suburbs. 

To avbid speed and delay measurements (needed 

for conventional assignment models) the primary objective 

of this work'is to define the accessibility index of links 

in terms-of distance, measured from the network geometry. 

This accessibility index, has been used as a proxy variable 

to relative speed and delays at i ntersections, in the 

assignment model. 

10.6 DIAMETER OF NETWORK 

The diameter of a network (DON),; can. be 

represented 1n many ways to serve the purpose for which it 

is constructed. 

In this study the most suitable method is to use 

the distance journey units in the network description. 

Then if minimal trees are built for all zones, the maximum 

length of the shortest point journey on origin and 

destination (in journey units), represents the network 

description (DON). 

If zone centroids or load lists are changed, 

the "DON" might change accordingly. If any new sect- 

ion is added to the network, again "DON" might be changed. 
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If the average trip length (by purpose) can be 

expressed as a percentage'of "DON", then comparison of one 

area with another will be more meaningful . In these cir- 

cumstances care must be taken in fixing boundary zones and 
the load list. 

In mathematical notations 

6 (G) = xMax yd 
(x, y) (Kansky 

where 

S(G) is the diameter of the network (or graph) and the 

expression means the maximum shortest path between all 

O-D pairs. 

10.7 BEST ROUTE BETWEEN A PAIR OF O-D 

It is important to note that the engineer is 

judging "best" in terms of quickest or cheapest route with 

reasonably accurate information available. The driver on 

the-other hand is judging "best" based on number of travel 

and service variables and must guess about conditions of 

the whole route before making a trip. The engineer and the 

driver may be basing their judgment on different variables, 

and certainly basing their decisions on different inform- 

ation (Whole and Martin, 1967). 

The engineer modelling the assignment process 

probably has incomplete information about traffic speeds, 

flows and delays on the network. In many cases, the 

delays at individual junctions will be ignored or 

"averaged out" to give the effect thought to be required. 

The driver is the main element in making a 

selection from a number of paths linking his origin to 

his destination. He choses the path which will give 

him the "best" value for a number of variables 

characterising the network and his trip. 
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Whilst it is difficult to assess each driver's 

knowledge of his area network so that account may be taken 

of differences of behaviour due to personal variations in 

knowledge of available paths, it can be assumed that 

at least they are all familiar with some overall character 

of available routes for any particular trip purpose. 

On this basis, it is thought that the best unit 

of analysis is the driver. The criteria which motivates 

the driver's decision in making a route choice are those 

parameters which can be perceived easily and quantified to 

some extent in the driver's mind. This approach then 

requires the production of not only one path between a pair 

of O. D., but a number of (almost shortest) routes, each of 

which is thought to be the "best" for a group of drivers. 

This calls for not only a minimum path algorithm (which is 

well established and used in all conventional assignment 

techniques) but to find the (N) best path in the network. 

There have been many attempts to solve the pro- 

blem of (N) best route, among them Hoffman and Pavley, 1959, 

and many others, 
no practical algorithm has yet been 

published for finding N best paths. A computer program 

prepared in the Traffic and Highway Section of the Civil 

Engineering Department, University of Strathclyde, was 

successful in finding N number of routes - according to 

the users criteria - between each pair of O-D. 

10.8 DATA FOR ANALYSIS 

Data for the town of Hamilton was available in 

the University of Strathclyde from a survey and analysis 

undertaken in 1969. The study area consists of the Burgh 

of Hamilton, and its location is shown in Figure 10.1. 

The population of Hamilton in the year of survey was about 

46,000 comprising of 13,000 households. On average 

52,000 vehicles enter and leave the study area during the 

12 hour working day. Two thirds of the vehicles are 

private cars. 
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Hamilton was divided into 76 traff ic 

zones (Figure 10.2). The area outside the study area was 
divided into 10 external zones (Figure 10.3). The existing 

network is shown in Figure 10.4, and it consists of about 
200 links. Traffic was counted at certain points in the 

network to provide a check on the modelling process. 
The accessibility contour lines shown in Fig- 

ure 10.5 are based on formula 10.1 which was evaluated for 

each link. The results are presented in Table 10.5. The 

assignment model was applied to one data from Hamilton. 

The load list used is shown in Table 10.4. 

10.9 NUMBER OF ROUTES BETWEEN A PAIR OF O-D 
IN A CERTAIN NETWORK 

Theoretically, there are countless numbers of 

routes in a network between a pair of O-D, and the 

minimum path is only one of them. 

A detailed work on Hamilton network (Figure 

10.4) showed that the total number of routes (using 

distance as a journey unit) available for an average pair 

of O-D (for total of 677 pairs of O-D tables) changes with 

the value given to, CP, where 

CP = 

L 
max 

min 

L 
min 100 (10.2) 

where 
CP critical percentage allowed for deviation from 

minimum path 

L length of minimum path 
min 

L length of maximum "allowable" path 
max 

The average number of routes found for different values 

of (CP) are shown in Table 10. c. 
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Table 10. c 

Percentage over 
shortest route 

CP % 

Average number of routes 
for one pair of O-D 

0 1 

5 2 

10 5 

15 12 

20 28 
25 65 

This table presented disgrammatically on a semi-log scale 

in Figure 10.6 gives a resultant straight line and made 

the task of extrapolation for higher values of (CP) relative- 

ly easy. Actual computer runs were made until CP = 20%. 

for CP =25 % and the values as shown in Table 10. c are only 

a projection because of time restriction on computer use. 

However, this does indicate a definite conclus- 

ion, viz: - th. at the number of routes increases dramatic- 

ally as CP increases beyond 10%. 

It is interesting to note that within only 5% 

deviation from the shortest path, there is on average a 

second alternative route available. There is no reason why 

this second alternative should not be one of the driver's 

choice, knowing that, in practice, as far as route length 

is concerned, any discrimination between these two routes 

(similar in other aspects apart from their length) generally 

is not--possible. Especially this is so in urban areas 

with their relatively short trip lengths. 

It is found that the number of routes is also 

a function of route length for the same value of (CP) i. e., 

the number of routes between a pair of O-D with minimum 

path of 5 km. is more than that for a pair of O-D with 
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minimum path of 2 km. However, considering only the traffic 
movements in the study area, and the fact that movement between 
two zones is also a function of separation, this gives in 
the case of Hamilton a net effect of increasing the total 

number of routes for the whole study area as the CP value 
increases, till a maximum is reached. Further increases 
in the CP value cases a decrease in the number of routes. 

Table 10.2 shows that for deviation of CP = 10% 
there is a total of 3405 routes in different bands for 677 

pairs of O-D. All these routes have been analysed in terms 

of length, expressed as percentage of network diameter (DON) 

as already defined. The paths have been grouped in classes 

of intervals equal to 1/10 of (DON) and for CP = 1% in 1% 

increments until CP = 10%. Therefore, the first cell in the 

table is the number of routes including the paths having a 
length between 0 and 0.1 (DON), which is 12, i. e., there are 
12 routes from a total of 3405 routes used by all travellers 

with length of up to 10% of network diameter c, omprising 

shortest routes and 10% deviation from shortest route, and 

so on for other cells of the table. It is interesting to 

note that within the total of first column with 807 routes, 

677 routes represent the minimum paths (Lmin) and 130 

routes differ by only 1% from that of Lmino The set Lmin 

route comprises only 20% of all routes. 

Table 10.2 has been converted into a frequency 

table and this is presented diagrammatically in Figure 10.7 

with the first column omitted to facilitate a better per- 

spective view of the situation. This diagram illustrates 

that route distribution is characterised by both the network 

configuration and land-use in the study area. 

Although the journey unit used in the network 

analysis is distance, time and generalised cost as a jour- 

ney unit are also investigated. Table 10.3a shows a number 

of routes for each cell as before, in terms of time unit 

Journeys. The total number of routes is 1985, which is 

substantially less than that for the distance journey unit 

calculation. The first column shows a total of 729 routes, 
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of which 677 are Lmin) 52 routes are within 1% increase over 
Lmin, and the set of Lmin routes represents 34% of total 

number. Table 10.3b represents the several routes analysed 
in terms of "distance" length. The totals for each band 
(row and column) compared with those of Table 10.3a, shows 
that there are great differences between time and distance 

route frequency distributions. 

Table 10.4 is based on generalised cost. The 

number of routes is 2200, and this value lies between the 

values for the distance reached and that for the time network. 
Furthermore, if all these three networks are thought of as 
in terms of speed in the network, then the distance network 

represents the ideal situation with the same speed on all 
links, and all 3405 routes have the same average speed. 
This number of routes then represents the maximum number 

of routes which can be found in this network for a given 
CP value and O-D table. 

1 . 10 FACTORS AFFECTING THE DRIVER'S DECISION 0. 
IN CHOOSING A CERTAIN ROUTE 

I 
10.10.1 Introduction 

In the present work the parameters considered 

to influence d rivers in choosing a certain route are only 

those which can be measured fairly accuratelt. Other 

factors such as scenery and safety have not been considered. 

Nevertheless it is possible to give assumed values concern- 

ing these parameters if it is thought they are important 

factors in a driver's decision making. The factors con- 

sidered here are : 

1. Length of the alternative route compared to 

the length of the minimum path. 

2. Average width of the route, which is a function 

of speed and flow. 

3. Delay at intersections, which is a function of 

number, type and position of the intersection in the study 

area network. 
The impact of these and other related factors 

will be presented in the following section. 
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10.10.2 Lengt)i of Minimum 'Path Versus Alternative. 

A study of comparison of driver's route choice 
criteria and those used in current assignment process was 
undertaken by Ractliffe, 1972). In homeýbased work trips by 

private car drivers, comparison was made between the chosen 

routes and calculated minimum routes by a number of route 
choice criteria, viz: - distance, time and cost. The conclus- 
ion of this study was "in general the majority of drivers 

attempt to minimi-se their routes with approximately three- 

quarters succeeding in choosing a route noý exceeding 10 

per cent longer than the minimum route" 
Among other findings of the study was that "the 

single routing assignent technique is shown to be consider- 

ably less accurate than the multiple routing technique when 

simulating 'real' trip assignment". 

In another study by Tagliacozzo, 1973, analysis 

of the paths is related to the users motivation in making 

a route choice, showed that only 55 per cent of the paths 

are of length between L 
min 

and 1.1 L 
min 

and the ratios of 

L and L. for some routes was 1.5. 
max min. 

In "Westminster route choice survey" (Wright, 

1976) analysis of different samples of drivers' behaviour 

in choosing a route showed that about 65% of drivers chose 

alternatives which were either the shortest route itself or 

routes whose length was greater by 10% of that of the short- 

est route. 
Summarising: the number of available routes be- 

the 
tween a pair of zones. depends on CP value. Recognising the 

difficulty of "route following" survey process for assessing 
the 

the drivers behaviour in deviating from 
/ minimum path, the CP 

Wormation from. 
value can only be assessed empirically base on o er studies. 

It is found that 10% represents a proper figure both 

for computational purpose and model calibration. 

10.10.3 Average_Width of the Route. 

In a study area there is likely to be con- 

siderable variation in the of links in the road network, 
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Most probably, the travellers on any parti- 
cular journey will use a combination of streets with differ- 

ent widths. Furthermore, the factors which reduce the 

effective width of the link, such as the number of parked 

vehicles and/or one-way sections, are also appreciated by 

the motorist. 

Traffic flow and speed are a function of road- 

way width, and the number of traffic lanes provided is 

realised by the motorist more readily than 

theoretical speed-flow relationship. Narrow lanes have a 

lower capacity than the standard 12 ft. lanes and over- 

taking is more restricted in narrow routes. Such restrict- 

ions affect drivers comfort and increase potential hazards. 

Table 10. d gives the capacities of lanes from 

9 ft. to 12 ft. in width expressed as percentage of the 

capacity of a 12 ft. lane. 

Table 10. d 

Lane width of 12 ft. lane capacity 
(ft. ) 

2-lane Multi-lane 

12 100 100 

11 88 97 

10 81 91 

9 76 81 

Source : Highway Capacity Manual, 1965, pp. 89. 

Although these percentages are derived from un- 

interrupted flow conditions, they may be used to represent 

"relative capacity" for each width of road, in a model. 

From observations before and after the imposition of waiting 

regulations in London, it has been estimated that-traffic 

speed was increased by about 2.5 mph for every 100 parked 

vehicles per mile removed from streets in the central area 

with an average width of 40 ft. (Charles Worth et al, 1959). 

If substantial parking is observed in the study area, its 

effect can be taken into account by modifying the relative 

capacity of the appropriate links. 

Table 10. e shows the relation of carriageway 

width to capacity and their weighted values. The "width" 
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as an attractiveness parameter can be built into the model 

as net physical dimensions which are easy to measure from 

city plans, or as capacity weights. The higher the value 
(as average of the route) the more attractive the route. 
Any difference in using width or weight of capacity only 

affects the calibrating parameters 

Table 10. e 

Carriageway 
width ft. 

i 

Capacity 

p. c. u. /day 
Weight of 
capacity 

Weight of 
width 

1 2 3 4 

Dual 48 ft. 66 000 7.33 8.00 

Dual 36 ft. 50,000 5.55 6.00 

Dual 24 ft. 33,000 3.66 4.00 

33 ft. 151000 1.66 1.37 

24 ft. 16,500 1.83 2.00 (one-way) 

24 ft. 9100 1.00 1.00 

Capacity of different carriagemay width and their relative 

weights. 
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10.11 RELATIVE ATTRACTIVENESS TRAFFIC 
AS*SIGNMENT MODEL (RA'TA). 

The model is based on comparing all available 

routes between a pair of O-D with shortest route. The 

comparison is based on factors affecting the driver's de- 

cision in choosing one route rather than the other. 

Network description can be based on any jour- 

ney unit of time, cost or distance. The difficulty of meas- 

uring time and speed in networks to a certain accuracy, and 

its sensitivity. led to using the length of the routes (in 

distance units) as a more appropriate measure. One main 

advantage of this is from the physical structure of the 

layout since the routes can be measured and scaled fairly 

accurately. The concept of the model is as follows : 

Assuming two routes available between a pair of 

O-D, shortest route with 10 journey unit, the alternative 

with 11 journey unit, 

LS 10 
0 10 D 

where LS: length of shortest and L length of first 

alternative. 

Assuming total traffice travelling between this pair of O-D 

is 1000 vehicles, and it is found 600 vehicles travelling 

via shortest route, and 400 vehicles via the alternative. 

Then the model becomes 

L 
S' 

(AEFF) (10.3) 
LK 

(Proportion) 
(AEFF) 

K (10.4) 
K EJAEFF) 

(TR) 
K 

T. (Prop or tiolý 
K 

(10.5) 

where 

(AEFF) 
K= 

Effecti ve attractiveness of route K 

(Proportion) K= 
Percentage of traffic via route K 

(TR) 
K 

Total traffic via route K 

T Total traffic for the pair of O-D under 

consideration. 
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KS for shortest route 
1 for first alternative 
2 for second alternative and so on 

a is calibrating factor 

In this example 
I Y. LS 

10 a 
(AEFF)S= 

L 
S- 10 

10 a 10 a 
(AEFF)l= - (. 909)a 11 11 

E(AEFFý= 1+(. 909) a 

= 
(0.909)a 600 (Porportion) 

Sa- 1000 0.6 
1+(0.909) 

(Proportioný (0.909)(y, 400 0.4 
a 1000 1+(0.909) 

Value of a to satisfy this equation equals 4.25. This value 

is reproduced for the load on the route for base year, there- 

fore this value can be used for target year. The range of 

values for a is aq follows : 

a=0 the traffic will be diverted equally between the 

route-s available 

a=1 each route takes traffic in proportion to its length 

a= co all the traff ic will travel via shortest route, 

(i. e., all-or-nothing) 

The model in 10.3 dealt with comparison of 

length only, the other factors effect (as described earlier) 

can be put into the model on the same basis, the general 

shape of the model may be as follows 

LS jt AS -R 
Sa 

-QK 
(AEFF) a+ - -- (10.6) 

KL i-K 
riK. 

QS 
- K- 

I 

(Proportion) 
(AEFF) K (10.7) 

KEK (AEFF) 

(TR) 
K 

T. (Proportion) 
K 

(10.8) 

where 

(AEFF) 
K 

Effective attractiveness of route K 

(Proportion) Percentage of traffice di-verted to route K 

TR Traffic via route K 
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T= Total traffic from 0 to D 

LS= Shortest route length 

AS Accessibility index for route LS 

RS Number of intersections via LS 

QS Average width for route LS 

K From 1,2 .... N 

where N number of availabe routes 

LKIA 
K' 

RK and QK are as above, for alternative route 

a, a, O and y: calibration parameters. 

It is important to notice that the all-or-nothing 

method is a special case of the above model, i. e., by setting 

K=0, or CP = 0. no alternative or no deviation from short- 

est path is allowed. 

Formula 10.8 can be rewritten as 

LSARSQK 
+SQ 

LKA 
K_ -R K- S 

(TR)K = T. (10.9) 
LS+ AS RSQK 

K. 
LL 

K-A K- -iK- -QS- 

Formula 10.9 is in fact a gravity type model, i. e., total 

traffic between a pair of O-D is diverted to Kth best route, 
to the 

proportionally, / relative attractiveness of that route. 

This is analogous to 

0Tijf 
(C 

u) 
ij. i ET 

ij 
f(C 

ij 

whe re 
T Number of trip interchanges between zone i and 

01 Total number of trips originating in zone i 

f(C 
ij 

Friction factor 

C 
ij : Time, cost or distance 



222. 

10.12 APPLICATION OF RELATIVE ATTRACTIVENESS 
TRAFFIC ASSIGNMENT (RATA) METHOD 

10.12.1 Introduction 

The model g1ven by equation 10.9 can be 

applied to predict the amount of traffic along each pot- 

ential route between a given pair of origin and destin- 

ation zones, and the total traffic on any link in the 

network will be the result of the accumulation of traffic 

for all pairs of O-D, via all routes. This model was 

applied to Hamilton O-D table, using all three types 

of unit journey, time, cost and distance. In each case 

satisfactory results were obtained, and any difference 

only occurs in the calibration parameters. The benefit 

of this. model is that by using distance as the journey 

unit it can free the planner from collecting data con- 

cerning speed and delay measurements. 

The procedure used is shown as a flowchart 

in Appendix -8-. the prerequisite for any assignment 

involves both the O-D table and network. The value 

for (CP) as def ined before is assumed to be 10%. The 

lengths of routes found between a pair of O-D are 

between the shortest route 9L S) and 1.1 L S* The first 

alternative route is denoted by Ll, and the second by 

L 21' the K and N by LK and the last by L N' where N is 

the total number of routes between the given pair of 

O-D. 

The process of allocating traffic to each 

of the N routes is now carried out on the basis of 

equation 10.9. 

Calibration is undertaken by assuming 

various arbitrary values for the parameters involved 
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(a, a, y, and a). Several computer runs are made f ixing 

values foa all parameters and tracing the effect of 

change in each one of them in turn. The best values 

could be those which give as reasonable results as 

possible comparing the predicted and observed volumes 
(See Appendix 9). However, the exact matching of pre- 
dicted with the observed, even if this could be attained, 

is nor necessarily the best criterion, for reasons which 
have been outlined earlier. 

Conventional assignment techniques were also 

applied to the same data for Hamilton. Apart from one 

section (section 42) the volumes predicted by RATA in 

the last row of Appendix -9- (for values of CP = 10, 

a=1.0, a r- 1.0j y=2.0 and a=1.5) are closer to the 

observed traffic than any volumes predicted by other 

methods. 

10.12.2 Example of Route Availability 

The procedure used by the computer programme 

is the same as given in Appendix -8-. As an example of 

route following procedure and the method of application 

of the model, some examples extracted from the computer 

output are presented here. 

1. One one route available 

Origin-Section 161, 'Destination - 

Section 146. 

Origin-Section 165, Destination - 

Section 104. 

Table 10.6 shows two cases where there is no alternative 

to the shorter route between an origin and a destination. 

Consequently all traffic follows the shortest path; the 

first pair are relatively close to each other. However, the 

tendency of creating more routes following greater sep- 

aration of O-D points is shown in Figure 10.6 and is 
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based on average values. In addition it is possible that 
the network configuration might also permit the existence 
of only one route for a given value of CP. These routes 

are shown on network 10.1. It must be emphasised that any 
other possible route between these two pair of O-D is greater 
than 1.1 L S* (where LS is the shortest path length) it is 

discarded from analysis. 

2. Two routes available - Origin-Section 161, - Destination - 
Section 167. 

Origin-Section 165, - Destination - 

Section 82. 

In Table 10.6, the case of an addition to any existing short- 

est route, an alternative route presentation is given here 

with a deviation of 10% from shortest route. Network 10.2 

shows the routes for these pairs of O-D, and all other 

possible routes with lengths greater than 1.1 LS is dis- 

card'ed from analysis. 

3. Three routes available - Origin-Section 30, Destination 

Section 82. 

In Table 10.7 there are only two routes with deviation from 

shortest route by not more than 10%. These routes are shown 

in Network 10.3. 

4. Four routes available -Origin-Section 137, Destination - 

Section 170. 

In Table 10.7, four routes are found and presented in Net- 

work 10.4. 

5. Five routes available - Origin-Section 177, Destination - 

Section 139. 

In Table 10.8 there are five routes which are also pre- 

sented in Network 10.5. An illogical diversion has formed 

in route 5 which is the same as the shortest route apart 

from a short variation as shown in the Network 5. 

However, such unacceptable results can be eliminated by 

modifying the network layout. 

6. N routes. The separation of Origin from 

Destination will determine the number of available routes 

for a given value of (CP) in a certain network. However, 

as an example of the maximum number of routes between a 
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pair of O-D in Hamilton. It is found that 53 routes exist 
between Section 7 and 169 with only 10% deviation from short- 
est path (see Table 10.9). 

10.13 COMPUTATION PROCEDURE. 

Referring back to Table 10.7 and the calculation 

for four route which exists between Origin Section 137 and 
Destination Section 170, the following information is 

abstracted from Table 10.7. 

Table 10. f 

Route 

1 LS = 3949 AS = . 5000 RS = 16 QS = 16.31 

2 L, = 4225 A, = 4986 R, = 16 Ql = 14.81 

3 L2= 4329 A2= . 5401 R2= 16 Q2= 13.60 

4 L= 4089 4 A 5211 3 R= 14 3 Q= 13.46 
3 

Critical route length given by 
I 

Ls+0.1 LS = 3949 + 395 = 4344 

all routes are equal or less than critical route length 

LK=Ls+ (CP)L 
s 

Number of intersections for each route is actually equal to 
the 

number of links in the route minus 1. However, / (-l) is 

omitted from the calculation. Accessibility index is com- 

puted as a mean value for all links in the route with the 

width of each route in feet. This also represents the mean 

value of all links in the route. 

The speed shown in Table 10.7 is related to the 

the 
journey units in network description; the time length and 

distance length is the same. Consequently the resultant 

speeds on all links are the same. 

The model as in equation 10.9 applied to each 

route in turn gives the following result : 
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(10.9 

.5 
[16 1.5 [14.81 ]2 * O= 

1.5442 
. 4986 51 16.31 

ý6 ]2 0= 
1.2213 

. 5401 6 6 

565 13.46 
2.0 

= 1.5751 
. 5211 

R-4 

-16.311 

EEFF = 6.3406 
K 

(Proportion) 
s 

2.0 
3154 percentage 6.3406 traffic via short- 

I est route 

(Proportion) 
1 

1.5442 
. 2435 percentage 6.3406 traffic via 

alternative 1 

(Proportion) 
2 

1.2213 
1926 percentage 6.3406 traffic via 
alternative 2 

(Proportion) 1.5751 248 4 percentage traffic via 3 , 6.3406 
alternative 3 

(TR) 
S= 

98 x . 3154 = 30.98 

(TR) 
1= 

98 x . 2435 = 23.92 

(TR) 
2= 

98 x . 1926 = 18.92 

(TR) 
3= 

98 x . 2484 = 24.40 

The values of (Proportion) via each route mul- 

tiplied by 98 (the amount of traffic between the pair of 

O-D under consideration) gives a result which is the traffic 

via each route and consequently via all links along that 

particular route. 

Network 10.4 represents the routes found in this 

example. 
-: 
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The effect of one-way traffic on a link can be 

observed in the Hamilton network. 

the one-way street It is found that this affects both the length of 

shortest path as well as the number of routes within each in the Hamilton 
CP value. Section 34 in this network is a one-way street 

and thus traffic is obliged to make a diversion around this 

section. However, the resultant load on any particular link 

will most probably accumulate to a greater extent on those 

links which appear in more routes. This argument essentially 

calls not for improvement to links which are already heavily 

loaded, but rather to improvements on other links. On build- 

ing a new link care must be taken not to bring the heavily 

loaded links into the paths of those O-D pairs which are 

now not using these heavily loaded links. Table 10.10 is a 

sample representing a final result of accumulation of traffic 

on each link. 

10.14 AVERAGE TRIP LENGTH 

Using the RATA model a total number of 52,438 

trips are ass'igned to the network using different journey 

units. The following information is obtained :- 



228. 

Table 10. g 

Net work journe y unit 
Distance Generalise d Time 

cost 

Total number of routes 3405 2200 1985 

Total length of all routes 13.258 7.970 7.160 x 10 
6 

Total vehicle distance(A) 146.433 146.204 147.856 x 10 
6 

Total vehicle time (B) 148.115 220.109 289.084 x 10 
6 

Weight of journey unit(C) 
289 289 289 
147.8 147.8 147.8 

Actual vehicle time (D) 286.3 285.8 289.084 x 10 
6 

D=AxC 

Parameter values 1.0 1.0 1.0 
in the model (CP)% 10 10 10 

a 1.0 1.0 1.0 

1.5 1.5 1.5 

Y 2.0 0.0 0.0 

Network diameter M 6650 6650 6650(Dista nce 
unit) 

Average trip length 2793 2788 2820(Dista nce 
unit) 

as percentage 42 42 42.4 

Note: there is a possibility of different network dia- 

meters existing if different journey units are used in the 

network description. (As seen in Tables 10.3 and 10.4). 

However, in Table 10.2 a distance journey unit network 

diameter is considered as standard for computing 1 as per- 

centage of o 

Tables 102,103p 104 and 10. g show that there 

is a possibility of using any desired journey unit in the 

network description. The routes between a certain pair 

of O-D for different journey units in the network description 

not only changes the number of routes within any given CP 

value, but it might create entirely different routes. The 

results of using different values showed consistency in 

the total vehicle 
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distance, time and average trip length. The value of aver- 
age trip length, expressed as the network diameter, is an 
important factor for comparing the variations of this 
parameter over time, as well as between two areas at the 
same point of time. The use of this parameter, and the re- 
lated average trip length is needed for trip generation 
models outlined in previous chapters. However, the aver- 
age trip length by purpose of trip can also be computed 
when the data for such disaggregation is available. 

The value of Y which represents the capacity 
power in the model for cost and time unit journey in net- 
work description is set to zero to eliminate the effect of 
width of the link in question. 
10.15 TRIP LENGTH DISTRIBUTION. 

Percentage trip distance travelled on routes of 
different lengths is as follows : 

Table 10. h 

Journey unit Length of route as a percentage 
in network o f ne twork diameter 
description 10 20 30 40 50 60 70 80 90 100 

Distance 
. 30 4.0 12.0 15.4 17.8 16.0 14.9 12.3 5.4 1.8 

G. cost .3 4.0 13.7 15.6 20.2 15.4 15.3 10.9 3.8 .8 
Time .3 4.7 16.6 16.8 17.8 18.4 14.4 8.2 2.5 .2 

The differences between values in each column 
from the 

results / existence of different number of routes for the 

same pair of O-D and same (CP) value for different journey 
the 

units in network description. However, most journeys are 
the 

confined between 30%and 80%of network's diameter, and as 

shown previously, average journey length is about 0.4 

Therefore, most trips are of a length about half of the 

maximum available shortest route in the network. 

10.16 SUMMARY AND CONCLUSIONS. 

The most fundamental element of any traffic 

assignment technique is to select a criterion which explains 
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the choices made by drivers from the number of potential 

paths available between one origin and one destin- 

ation. 

Wardrop (1952) has identified two criteria which 

might be used to predict the paths taken be- 

tween a pair of O-D by motorists. These are 

1. the trip times on all the routes actually used 

are equal and less than those which would be experienced 

by a single vehicle on any unused route. 

2. the average journey times of all motorists is 

minimum, which implies that the aggregate vehicle hours 

spent in travelling is minimum. 

Wardrop's first criterion suggests that the 

drivers act selfishly and attempt to minimise their indiv- 

idual travel times through a network. This criterion is 

equivalent to the average cost-pricing principle of economic 

theory. The second criterion suggests that drivers act so 

as to minimise total travel time spent by all drivers on 

the network. This implies that the individual drivers are 

aware of the way in which their choice of route influences 

the change in the total travel time experienced by all 

drivers. His second criterion is equivalent to the marginal 

cost-pricing principle of economic theory. 

Almost all conventional assignment techniques 

used one of these principles. However, Hutchinson, (1974) 

observed that some limited empirical testing of these two 

criteria has been performed and the evidence available would 

suggest that motorists behave according to some intermed- 

iate criterion. The criterion used in this study suggests 

that the driver is not aware of the real speed-flow re- 

lationship on links which comprise his route. Rather more 

fundamentally he makes his decision to choose one route 

from a number of potential routes, and thi-s decision 

relates to the relative attractiveness of the ioute. This 

implies that all drivers are seeking toýexperience 
I 
the 

same speedp which is equivalent to using, distance units 

in the network description. 
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The obvious measures of relative attractiveness 
which can easily be appreciated by the average driver are 
those VfIaVe3! age width of the route, and the number, type 

and location of . intersections along the route. The 

assignment model then compares each available route as de- 
the fined by its attractiveness parameters with that of / short- 

est route. Thus, the model assumes the shape of 
gravity type model. This model was applied here to the 

available data for Hamilton using three types of journey 

units in network description. All three types seem to yie_ld 
of 

satisfactory resultsbecause / the flexibility Of the 

model. The total number of routes found in the calculations us- 

ing different journey units, revealed that the maximum number 

of routes occurred when the distance journey unit was 

used. The use of distance journey units 

unit implies the sameltonstant" speed for all journeys. Thus, 

the traffic flow could be distributed more evenly on the 

network through modifying the network to achieve virtually 

the same average ýpeed on all links. 

However, to avoid using time as a criterion, 
the 

with its inherent potential for distortion, as well as/diff- 

iculty of data collection, the alternative parameters em- 

ployed in (RATA) model are mostly physical characteristics 

of the network which can be measured fairly easily and acc- 

urately i. e., very sensitive parameters are changed to 

less sensitive parameters. Additionally, this model pro- 

vides estimates for values of parameters required as "feed- 

back" to the travel demand models (Chapter 6) concerning 

average trip length (i) and also gives percentage distance 

travelled for each trip purpose (S x ). 
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CHAPTER 11 

SUMMARY AND CONCLUSIONS 

11.1 Iifttroduction. 

The object of this study has been to discuss in 

quantitative terms, so far as possible with available data, 

the factors that determine the amount of traveljý This is the 

basic information necessary for urban transportation planning. 

The conventional "four-step" transportation 

model framework (Figure 1.1)has been reviewed, and it is 

found that it involves the collection and analysis of large 

volumes of data. It is concluded that this process is 

static rather than dynamic, it is unwieldly inflexible and 

slow. Furthermore, it is by no means certain whether, with 

associated complexity and cost, the level of detail is well 

matched to the planning process concerned. 

It may also be suggested that these conventional 

models rely on behavioural hypothesis which are often much 
the 

cruder than apparent sophistication of the main model. This 

sophistication of the model technique is questionable until 

the behavioural basis is strengthened (Baylsis, 1977). A 

further criticism is that the structural defficiency of con- 

ventional transport models is their failure to establish an 

inter-relationship between the number of trips made and the 

character and price of transportation service actually avail- 

able (Whol and Martin, 1967). 

This research has attemped to construct econo- 

metric models, in which demand for travel is made sensitive 

to the level of service provided by the transport system. 

The models set out in this study may provide an opportunity 

for effecting substantial improvements in urban area 

travel forecasting. An important feature of the work is 

t. hat all models presented are simple in concept and applicat- 

ion and they require relatively small amounts of data to be 

collected. 
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The prediction of future travel demand is cen- 
tred around the use of consumer-behaviour theory from econo- 

mics. This theory leads to the attempt to build what may 
a be referred to as "Budget Models" and "'General Share Model" 

(GSM). These models are formulated on the basis of making 
some assumptions about the elasticities of travel demand. 

There is an inbuilt sensitivity to the level of service pro- 

vided by different transport systems. To achieve this, a 

new method of "value of non-working time" has been developed 

By applying the principle that the amount of travel is 

governed by household budgets of time and money, it is poss- 

ible to estimate the effect on the numbers of trips and 

their length caused by modifying the road system, or by 

otherwise changing the costs of travel. The models there- 

fore depart from the traditional four-stage transportation 

planning. 
To complement these travel demand models a new 

approach to traffic assignment has been developed with 

methods using con6epts of "relative attractiveness" and 

"accessibility" of routes to simulate drivers' choice of 

route. Additionally, this process provides estimated values 

of parameters required as "feed-back" to travel demand model 

11.2 SOURCE OF DATA. 

1. Family Expenditure Survey (FES) Annual Reports. 

2. National Travel Survey (NTS) 1972/73. 

3. Operating cost formula as presented by Road 

Research Laboratory. 

The FES and NTS are both based on national trends 

using average weekly as a unit of time. The data belongs to 

all households irrespective of car or non-car ownership. 

11.3 HOUSEHOLD AS A UNIT OF DECISION-MAKING. 

The attempt to identify firstly the decision- 

making unit conventionally led most transportation planners 

to define the behavioural unit of analysis to be a household. 

A convenient basis for their analysis involved using the 

household characteristics of travel behaviour at individual 
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level as well as aggregated into groups. It should be 
noted, however, that the terms "household" "individual" or 
"consumer" may be used interchangeably. 

To justify the use of households as the behavioural 
travel unit required very careful indepth analysis of travel 
behaviour, both for average household and by household in- 

come groups. Moreover, this indepth research reached the 

point where the demand for transport models and measurement 

of income, cost and travel time elasticities came together. 

Its success therefore contributes not only to the better 

performance of different models but to their linkage and 
therefore towards a generalisatiion of the theory of trans- 

port demand. 

11.4 DEMAND FOR TRAVEL- 

Basically any demand for travel is 

to- fulfil the consumers satisfaction. Trips are usually. 

intermediate goods, which are jointly demanded with other 

economic goods. The trip then forms an integral part of 

some larger activity. 

In the economic sense, "the amount of commodity 

that a consumer will be prepared to buy in a given period 

depends upon the price charged, the quality of the commod- 

ity, the service supplied with it, the price of related 

(substitute or complementary) commodities, his preference 

between alternative commodities, his income and his expect- 

ation (of future income and prices)" (Seldom et al, 1975). 

On this basis, the principle of economics, as far as demand 

and supply is concerned (which provides explanation for 

other economic phenomena) should also apply to consumer's 

behaviour in travel. 

11.5 RESOURCES NEEDED FOR TRAVEL. 

Time and money are the resources which are 

needed for travel. The simple act of moving from point A 

to another point B in space will take a certain amount of 

money and time (depending on the mode of travel). And since 

time and money are limited resources they can be budgeted 

and allocated. In fact these two resources act as a 
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constraint one upon the other as far as travel is concerned. 
For example a person having the use of a company car, the 

cost of which is borne by the employer, is nevertheless con- 

strained by his own time-budget factor which effectively 

restricts the amount of travel benefit which may be derived 

from such a facility. On the other hand, if a person is 

unemployed he can allocate most of his time to travelling 

if he wishes, but he is deterred by his money budget from 

so doing. These two examples are hypothetical and extreme. 

Nevertheless, all individuals are subject to these 

limitations. 

Transport improvements normally lessen both 

time and cost of travel. Consequently there is a strong 

link between the amount of travel and transportation 

planning. 

ii. Cr. INCOME AND AMOUNT OF TRAVEL 

To relate the quantity of travel demand to 

the many variables required for a general econometric 

model, as mentioned in Section 11.4, is not practicaable. 

Therefore, attempts have been made-in many previous studies 

to isolate the variables considered to be the most important, 

and to relate the quantity of demand to any changes then. 

Most commonly, the factors are car-ownership, household 

size, and number of wage earners in the household, and 

urban density in the area of residence. All these 

factors, as revealed in this study, are signif icantly 

related to household income (Table 5. d and 5. e). 

Values of these variables are ascertainable 

for time past but great uncertainties are attached to 

their values in future years. Consequently, in this 

study, the stratification of households is based only 

on the level of income. Implicitly these different 

household income legels show a stable relationship in so 

far as car-ownership and related variables are concerned. 
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11.7 HOUSEHOLD INCOME GROUPS. 

Income significantly affects the total amount 

of transport consumed at any given service level. "The 

higher the income level, the greater number of trips made" 
(Gwilliam and Mackie, 1975). Accordingly, grouping of house- 

holds into a number of income groups is found to be necess- 

ary.. 

In this study d. i`saqgrq, g: Ati, on of households. into 

five income groups was convenient for analysis purposes with 

20% of households in each income groýp. Consequently 

households in each income group contains both car 

and non-car ownership. 

11.8 HOUSEHOLDS EXPENDITURE ON TRAVEL. 

Family Expenditure Survey (FES) annual reports 

for years 1965-1968-1972 and 1975 were analysed. 

In FES reports, total expenditure represents 

expenditure on goods and servicesp while income is a gross 

weekly amount before the deduction of income tax. Concern- 

ing the veracity of data involving "income" and "expenditure" 

it may be observed tha-t "comparison of the results of the 

surveys over successive years justifies confidence in their 

general reliability" (FES, 1975). The data 

analysed in FES reports which cover all transport and vehicle 

expenditure : "On averagep each household spends almost a 

constant percentage-of income on travel by all modes". 
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11.9 TRAVEL PREDICTION. 

The minimisation of travel time or cost is gen- 
erally an objective in transportation planning. However, 
transport models usually ignore the fact that when travel 
time or cost is reduced, the number of trips will rise. 

The provision of a new or improved trans- 

port facility may well result in a greater amount of travel 

activity than previously existed. Whol and Martin, 1967 

commented that this situation - more travel - means 

more trips, and presumably more community desires are 
being satisfied. This situation is closely analogous with 

the economic theory of demand and the associated concept of 

consumer surplus. 

The major structural deficiency of traffic fore- 

casting models is their failure to establish an interrelat- 

ionship between the number of trips made, or travel volume, 

and the character and price of the transportation service 

actually available. 

In the four-step conventional transport model 

(Diagram ll. a) there is a feed-back from a network analysis 

box to only three steps, i. e., trip distribution, model 

choice traffic assignment. Howeverv Wilson, 1974 stated 

that "it would be theoretically correct to connect the net- 

work analysis box (Diagram 11. a) with an arrow to the trip- 

generation box, since the rate of trip generation could be expected 

to vary with ease of travelas measured by travel time. and cost. 

Unfortunately, no one has yet succeeded in building an effect- 

ive elastic trip generation model of this kind". 

The main objective of this study is to introduce 

a new and simpler approach, with relatively little effort 

needed for data collection. Based on economic theory of 

consumer's behaviour , it is possible to put back "the miss- 

ing arrow" mentioned by Wilson (as discussed in Chapter 2). 

The value of inserting that "missing arrow" into the analysis 

process Is that it enables a new degree of sensitivity to be 
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Trip generation model Network 
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Trip distribution model speed 

estimation 
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Traffic assignment 

direct process 
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. VIVI- missing arrow 

Transport model 

I Diagram 11. a 

achieved by the modified model which incorporates the effects 

of the service offered by each mode. 

The modified transport models can be represented 

as in Figure 6.1. Trip generation models have absorbed modal 

split models, and from the start of the transport planning 

process, private travel - car trips, as well as public trans- 

port - person trips by bus - are predicted separately. 

Others, like external trips, which use the network and 

commercial vehicles are also treated separately, and total 

load on each link of the network is checked at the assignment 

stage. 

Trip distribution might give better results if 

separated on the same basis of disaggregation, i. e. by 

household income groups by purpose, on the grounds that 

different household income groups show different average 

trip lengths for different purposes. 
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11.9.1 Household Expenditure on Travel 

Analysis of household expenditure on different 
items of transport shows that "expenditure on total travel 
for all households (including car and non-car ownership) is 

a fixed 6.2 percent of household income. Allocation of 
this amount between different modes of travel depends on 
the levels of service provided by the modes". 

11.9.2 Vehicle Speed and Operating Cost 

The speed of vehicles has significant economic, 

safety, time and service (comfort and convenience) impli- 

cations. In this study vehicle speed is found to be a 

useful tool related to estimates of vehicle operating cost. 

The formula presented by Road Research Laboratory, "Vehicle 

Operating Cost" (TRRL 661). 

11.9.3 Travel Characteristics 

The primary source of information used in this 

study concerning travel characteristics is the National 

Travel Survey (NT8) 1972/73 which is the latest in a series 

of comprehensive enquiries about people's travelling habits. 

No significant differences were found between the 1972 

survey and the earlier 1966 survey. This indicates that 

on average, trip length distance (X) stays quite stable 

over time for the main modes of travel, car bus and train. 

This finding might also be applied in urban areas. 

11.9.4 Observed-Trip Rates 

The amount of travel expressed as number of trips 

per week for average household income is given by: 

t= 
Distance travelle, d by mode kz 

Average trip length I 

Number of trips by differeht modes is as follows: 

zC 
96 

t=-=-8 car trip/week 
c 12 xc 



240. 

tbb- 34.5 
= 6.69 busltrip/week 5.16 xb 

z 
r= 20.8 

0.52 rail trip/week rx 40 

Figure 5.12 shows percentage of total distance 

and percentage of trips on average, covered by a household 

for each trip purpose. There were no corresponding figures 

available for 1965, but in spite of this it seems reasonable 

. 
to assume that little change has occurred in these percen- 

tages over time. The average trip lengths by purpose of 

trip are also shown on the same figure. The average over- 

all trip length (i) equals 12 km for car trip. 

11.10 GENERAL SHARE MODEL (GSM) 

The trip rates and trip length distributions 

have been unified in the General Share Model which enables 

forecasts to be made of the amounts of travel by different 

modes. 

All input values required'by the model can be 

computed from base year data. Evidence is presented to 

suggest that the parameter values remain stable over time. 

However, due to land use development some changes in 

parameter values might need to be examined. Such modi- 

fications can be easily carried out. 

Applying this GSM model reproduced 72% of the 

cars 
observed 

/ 
trips from NTS. The remaining 287, of trips 

represents travel by firms car, the cost of which is not 

paid by a household. 

ANALYSIS OF CAR TRAVELA 

Analysis of car trip data shows the importance 

of household income in determining the amount of car travel. 

Consequently it is vital to predice accurately the house- 

hold income distribution if adequate forecasts of travel 

are to be obtained. 
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11.12 ANALYSIS OF BUS AND RAIL TRAVEL 

Again the importance of household income is 
emphasised. Although the amounts of travel by bus and 
rail are much less than by car, they show a similar 
relationship to the amount of money available. 

11.13 Long Term Travel Forecast 

The GSM, as formulated, and the method of its 

application based on national data, show internal con- 

sistency in reproducing observed travel amounts for car, 
bus and rail. However, GSM can probably be applied to 

any particular study area as a travel forecast model, and 
its performance will depend mainly on the accuracy of 
forecasting the household income distribution of the area. 
The model may be applied for any level of disaggregation 

of household group or trip purpose. An important com- 

ponent determining the level of service of each mode is 

its vehicle speed and this will need to be measured 

locally. 

The aýsumption behind GSM is that households, 

as a function of normal activity, are engaged in work, 

shopping, etc., and these activities involve travelling. 

Thus, travel can be regarded as an integral part of human 

activity which is bound by a 'time constraint' and this 

in turn also reinforces the concept of a "travel time 

budget", which in turn reacts as a constraint on the amount 

of travel itself. The effect of a time constraint (in 

the long term) results in a fixed percentage of household 

income being allocated for all travel. This fixed per- 

centage of a household's income can be regarded as a "travel 

money budget" which jointly with "travel time budget" 

limits the time and money allocated for travel. The 

proportions of the budgets spent on each mode depends on 

the level of service provided by the modes. 

Diagram ll. b represents the inter-relationships 

between the causal variables and the amount of travel by 

each mode. 



I Level of income (M) 

Money constraint 

Travel money budget 

ICost of living index 

Type and intensity of land-use 

Cost per unit distance I 
(C 

K) 

Average trip length i 
by mode (X, ) 

I 

Cost per trip 
CK = CK xK 

Number of trips 
EK 

tKý- 
C 

K 

Factors affecting demand for travel 

Diagram 11-b 

Level of economic growth 

Human activity activity 

TRAVEL 

Fixed percentage of income 
allocated for travel by 
a4l modes (N) 

Share of each mode 
E= MN 

K 

242. 

I Time constraint I 

jTravel time budget I 

Level of service 
of the mode. 

Fuel cost index 

Labour, material 
cost index 

Accessibility 



243. 

Future travel demand involves many factors 

which essentially require assumptions about future income 

levels, fares, fuel costs, etc. Such trends could be 

better assessed through proper integration of economic 

planning and the provision of a transport infrastructure. 

11.14 GRNRRATRT) TRTPq 

Network improvement yields higher speeds for 

car travellers. Consequently there is a saving in time for 

the traveller and this implies an increase to his real in- 

come if he places any monetary value in time savings. This 

may encourage the traveller to increase his number of trips, 

which results in a willingness to pay some extra money by an 

amount to bring him to a new equilibrium point in the trade- 

off between time and money. 

Any network change affects the relative price of 

the various commodities or activities to which he allocates 

his time and money. This is because the components of their 

price to him, which consists of the generalised cost of 

travel, has changed. In general, he may be expected to shift 

his behaviour in favour of those activities whose price, in 

terms of generalised cost, has fallen most. That is, he will 

tend to change his travel patterns in favour of activities 

which are at further distances from his location and away 

from activities which he formally carried out at or near home. 

The frequency, destination and length of the trips he makes 

will be increased as a result. These were the various poss- 

ible reactions to change in the users cost of the transport 

network. 

It is commonly accepted that each new transport 

facility or each improved facility may cause induced or 

generated traffic to appear along the section of road dir- 

ectly or indirectly affected by the improvement, with other 

traffic being diverted, because the new level of attractive- 

ness of such a particular route contains improved links. 

This additional traffic is observed with the 

opening of the new facility, and has continued as a stable 

and slightly increasing component for at lea st the first 

four or five years as revealed by records covering this per- 

iod (Schmidt and Campbell, 1956). 
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In time it becomes increasingly difficult to 

isolate and measure this component, and it possibly dimin- 

ishes as the other components grow and prowd it out. 

Generated traffic is composed of trips previously 

inhibited by inadequacies in quality and operational char- 

acteristics of the existing facilities. Little considerat- 

ion has been given to the issue of "frustrated travel", i. e., 

those journeys which people would like to make but do not, 

because they are deterred by the shortcomings of transport 

facilities, including good roads (Stephen, 1972). 

Using such criteria a family of "Budget Models" 

has been formulated in Chapter 6, and its application pre- 

sented in Chapter 7. The main feature of these models is 

that they can be used as a guide to predict generated traffic 

for short range periods, i. e., opening a new motorway, bridge 

etc., or investigation into the effect of petrol price change 

on behaviour of travellers in trip-making. 



245. 

11.15 VALUE OF TIME (VOT) FOUND IN THIS STUDY 

While analysing the budget models, the VOT 

emerged as a result of one assumption made, viz: ; After 
improvement, percentage increase of consumer's money outlay 
is equal to percentage increase of his time saving. Accord- 
ing to this assumption it is found that: 

VOT = BV 
b 

i. e., value of time saved (not used in working) equals the 

cost per unit distance (before at speed Vb) multiplied by 

average vehicle speed for each of the occupants. This value, 
integrated into the models resulted in a "generalised cost 

model" which can have many meaningful applications 

(presented in Chapter 7) . 
In the Generalised Cost Model the two main 

factors are the effect of monetary change in the cost of 

making trips and changes in the speed of travel on the 

network. While an increase in petrol prices (in real 

terms) and the introduction of parking charges reduce the 

amount of car travel, the provision of higher speed will 

increase it. See Figure 7.8. 

Both situations represent present day frust- 

rations. The first concerns the environmental impact of 

car trips on town centres; the second is a reflection of 

the poor quality roads which exist in many areas. These 

are important facts of urban life. Better roads are 

desired although they increase trips by such an amount that 

both user and non-user may suffer afterwards. 

There is no simple solution to this paradox 

which is inherent in transportation planning. The 

compromise between a fair amount of travel without dis- 

turbing the environment, needs more than just planning 

aspects into modelling, which has not yet been 

investigated . 
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11.16 TRAFFIC ASSIGNMENT 

A new approach to traffic assignment has been 

developed using the concepts of "relative attractiveness" 

and "accessibility" of routes. This is in reality a 

gravity type of model which provides a better simulation 

of driver's behaviour in route choice. In addition, the 

model provides an estimation of parameters needed as a 

feed-back process required in trip generation stage. 

The model is called here the Relative 

Attractiveness Assignment Model (RATA). An important 

requisite for its application is a method of finding N 

best paths in the network. A program made available for 

this study carried out this task successfully. 

It is found that the number of routes between 

a pair of O-D, mainly depends on the value of (CP) where 

CP represents the percentage deviation from minimum path. 

Evidence is presented to show that a value of CP = 10% 

is reasonable for practical purposes. 

It is important to notice that the all-or- 

nothing method is a special case of the RATA model. 

The obvious measures of relative attractiveness 

which can easily be appreciated by the average driver are 

those related to 0 average width of the route, number, type 

and location of the intersections along the route. The 

assignment model then compares each available route as 

defined by its attractiveness parameters with that of 

shortest route. Thus, in fact the model assumes the 

shape of gravity type model. This model was applied here 

to the available data for Hamilton using three types of 

journey units in the network description. All three 

types yielded satisfactory results and demonstrated the 

flexibility Of the model. The maximum number of accept- 

able different routes occurred only when "distance" 

journey units were used. This implies that the traffic 

flow could be distributed more evenly throughout the 

network by modifying the network to achieve virtually the 

the same speed on all links. 
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However, to avoid using time as a criterion, 

with its inherent potential for distortion, as well as 

difficulty of data collection, the alternative parameters 

employed in (RATA) model are mostly physical character- 

istics of the network which can be measured f airly easily 

and accurately, i. e. the very sensitive parameters are 

changed to less sensitive parameters. Additionally, 

this model provides estimates for values of parameters 

required as "feed-back" to the travel demand models 

(Chapter 6) concerning average trip length (i) and also 

gives percentage distance travelled for each trip 

purpose (S 
i 

). (See Chapter 10) . 



EFERENCES 



248. 

REFERENCES 

AASHO, "A Policy on Geometric Design of Rural 
Highways. American Association of State 
Highway Officials, Washington, D. C. 1954. 

Aitken, J. M., "Trip Distribution", University of 
Strathclyde, Note. T. 20. 

Alonson, W. 1 I'Locational Land Use", Harvarad 
University Press, Cambridge, Mass. 1964. 

Al-Sarraj, A. H., "Accessibility of Road Network" 
and TRaffic Assignment", M. Sc., Thesis, 
University of Strathclyde. 1975. 

Bell, R. R.. 9 and Percival, A. J. P., "Public 
Transport - the Uncertain Future" The 
Journal of the Institution of Highway 

-Engineers, March 1978. 

Batty, M., "Urban Modelling", Cambridge Press. 1976. 

Bayliss, D., "Urban Transport Research 
Priorities", Transportation, Amsterdam, 
Vol. 6, No. l. March 1977. 

Beesly, M. E., "The Value of Time Spent in 
Travelling, Some New Evidence". 
Economica, Vol. 31, May 1965. 

Berry, D. S., "Traffic Characteristics", 
Traffic Engineering Handbook. Washington. 1965. 

Blunden, W. R. , "The Land-Use Transport 
System". Pergaman Press. 1971. 

Bridle, R. J., and Cleary, S. M., 
"Accessibility and Traffic Synthesis" 

The Journal of the Institution of 
Highway Engineers, Octobert 1969. 

Broadbent, T. A., "Zone Size and Spatial 
Interaction in Operational Models", 
Centre of Environment Studies, 
CES-WIN-106., London. 1969. 

Buchanan, C. 9 et al, "TRaffic in Town" 

HMSOv 1963. 

Burrell, J. E. j "Multiple Route Assignment 

and its Application to Capacity Restraint" 

4th International Symposium on Theory 

of Trafficp Karlsruhe, Germany, 1968. 



249. 

Charlesworth, G., and Paisley, J. L., 
"The Economic Assessment of Returns from 
Road Work", Proc. Inst. Civ. Engrs. 
Vol. 14(229-54), Nov. 1959 

Claffey, P. J., "Vehicle Operating Character- 
istics", Transport and TRaffic Eng. 
Handbook, Inst. of Traffic Eng. 
Prentice-Hall, 1975. 

Clarke, M. I., "Modelling the Traffic Inter- 
action Between and Urban Study Area and 
External Regions", PTRC Proceedings, 
Urban Traffic ModelsVol. 1, June 1973. 

Constinett, P. J., "Public Road Transport 
Analysis", PTRC Symposium Proceedings, 1970. 

Dalton, D. M., and Harmelink, M. D., "Multipath 
Traffic Assignment Development and Thesis", 
Ontario Ministry of Transportation and 
Communications, Research and Development 
Division, RR 189. 

Dalvi, M. Q., and Martin, K. M., "The Measurement 
of Accessibility : Some Preliminary Results". 
Transportation,, Amsterdam, Vol. 5(pp. 17-42)1976. 

Dawson, R. F. F., "The Economic Assessment of Road 
Improvement Schemes", Road Research, %cbnical 
paper No. 75. HMSO 1969. 

Department of Energy, U. K., 
Energy Paper No. 10, HMSO 1976. 

Dickey, 'J. W., "Metropolitan Transportation 
Planning", McGraw-Hill, 1975. 

Douglas, A. A., and Lewis, R. J., "Trip Generation 
Techniques", Traffic Engineering & Control 
Nov. 1970, Feb., 1971. 

Dyos, H. J.,, and Alcroft, D., "British Transport 

an Economic Survey from Seventeenth 
Century to the Twentieth", Penguin Books. 1969. 

Economic Trends, U. K. , No. 2 1976. 

Elander, S., "Accessibility Entropy and 
Distribution and Assignment of Traffic", 
Transportation Research, Vol. 1l. No. 39June 1977. 

Evans, L., and Hermanj R., "A Simple Calculation 

of Fuel Consumption in Urban TRaffic Systemllp 

Traffic Engineering & Control. Aug. /Sept. 1976. 



250. 

FES. 1965-1975, "Family Expenditure Survey", 
Dept. of Employment, HMSO 1975. 

Fielding, G. J., Bankenship, D. P., and Tardift, T., 
"Consumer Attitude Towards Public Transport", 
Transportation Research 563 Washington ))., C. 1976. 

Forbes, J., "Mapping Accessibility", 
Scottish Geographic Magazine, LXXX 1964. 

Garner, B. J., Charley, R., and Haggett, R., 
"Model of Urban Geography and Settlement 
Location", Mettuem, London, 1976. 

Goodwin, P. B., "Travel Choice & Time Budget", 
PTRC Summer Annual Meeting, 
University of Warwick, 

, 
1976. 

Gwilliam, P., and Mackie, J., ''Economics and 
Transportation Policy'', George Allen & 
Unwin, London. 1975. 

Hagerstrand, T., "What about people in 

. regional Science", Regional Science 
Association, Vol. 24, pp. 7-21. 

Hamer, M... "Wheels within Wheels a Study 
of Road Layby", Published by Friends of 
the Earth, London 1974. 

Hansen, W. G... "How Accessibility Shapes Land 
Use", Journal of American Institute of 
Planning, Vol. 13.1959. 

Harrison , A. J., "The Economic of Transport 
Appraisal". Croon Helm, 1974. 

Harman, R. G.., "Fuel in Transport", Traffic 
Engineering and Control, Feb/March 1974. 

Highway Capacity Manual, Highway Research 
Board, Special Report 87, Washinton, D. C. 1965. 

Hillsp P., "Economic Evaluation", PTRC Spring 
Course in TRansportation Model Theory, 
3-7 May, 1976 

Hoffman, W., and Pauley, R., "A Method for the 
Solution of the Nth best Path Problem" 
Journal of the Association for Computation 

and Machinery, Vol. 6, pp. 506-514.1959. 

Johnson, D. B., "Efficient Algorith for Shortest 

Path in Sparse Network", Journal of Assoc- 

iation for Computation Machinery. 

Vol. 24, No. 1, pp. 1-13.0 1977. 



251. 

Kansky, K. J., "Structure of Transportation 
Network" University of Chicago Press. 1965. 

Kell, J. H., "Traffic Studies", Traffic 
Engineering Handbook, Washington, D. C. 1965. 

Kraft, G., and Wohl, M., "New direction for 
passenger demand analysis and forecasting", 
Transportation Research, Vol. l, pp. 211 1967. 

Lane, R., Powell, T. J., and Smith, P. P., 
"Analytical Transport Planning"Duckworth 1971. 

Leibbrand, K., "Traffic Generation and 
Assignment Models" , Traf f ic Quarterly, July 1977. 

Levinson, H. S., "Urban Travel Characteristics", 
Transportation and Traffic Handbook, 
Inst. of Traffic Eng. Prentice-Hall 1976. 

London Transport Annual Report, 1973. 

Lucas, C., and Davidson, K. B., "Quantitative 
Evaluation of. Iraffic Assignment Methods", 
University of Queensland, Dept. of Civ. 
Eng. 

-Bulletin, 
No. 17, May 1974. 

Martin, B. V., et al, "Principles and Techniques 
of Predicting Future Demand for Urban Area 
Transportation", MIT Report, No. 3 1970. 

Matson, W. S., and Hurd, S. F. W., "Traffic 
Engineering", McGraw-Hill, 1955. 

Moore, E. F., "The Shortest Path through a 
Maze", International Symposium in Theory 

of Switching. 1957. 

McIntosh, P. T., and Quaramby, D. A., "Value of 
Time". D. of E., MAU Note 179, Dec. 1976. 

McRath, D. C., "Appropriate Relationship 
between Comprehensive Planning and Trans- 

portation Planning", Transportation, 
Amsterdam, Vol. 1. 1972. 

Neuburger, H., "User Benefit in Transport and 
Land Use Plans", Journal of Transport 
Economics and Policy, Jan. 1971. 

NTS, 1972/73 "National Travel Survey"I 
D. of E., London HMSO (in 3 volumes) 1976. 

OECD, "Urban Traffic Models, possibility for 

Simplification'll Paris. 1974. 

I 



252. 

Oldfield, R. # "Elasticities of Demand for Travel", 
TRRL Report 116 UCP 1974. 

Overgaard, K. R., "Traffic Estimation in Urban 
Transportation Planning", Acta Polytechnica 
Scandinavia, Copenhagen. 1966. 

Phibrick, A. T. C., "Transportation Gravity Models", 
University of Queensland. Dept. of Civ. Eng. 
Bulletin No. 15, Dec. 1971. 

Potter, S., "Counting the Cost", Transport 
Report, A Monthly Distillation of Transport 
News, Vol. 2, No. 4, April 1978. 

Quinby, H. D., "Mass Transportation Characteristics", 
Transportation and Traffic Handbook 
(Institution of Traffic Engineers) 
Prentice-Hall, 1976. 

Rigbyp J. P., "An analysis of travel patterns 
using the 1972/73 National Travel Survey", 
TRRL Report 790 

Sacco 
, J. F. , and Haj j, H. M. ," Impact of Energy 

Shortage on Travel Pattern and Attitude", 
Transportation Research Record No. 561.1976. 

1 

Salterm R. J., "Highway Traffic Analysis and 
Design", MacMillan. 1974 

Sayer, R. A., "Gravity models and spatial auto 
correlation, or atrophy in urban and 
regional modelling", Area Vol. 9 No. 3 1977. 

Shimbel,, A., "Structural parameters of 
Communication Network". Bulletin of 
Mathematical and Biophysocs 
XV (1953) pp. 501-507. 

Shmidt, R. E., and Campbell, M. E., "Highway 
Traffic Estimation"t ENO. 1956. 

Stephen, P., "Town Against Traffic", 
1972. Andre Deutch 

Stonier, A. W., and Haguel D. C. 0 "A textbook 

of Economic Theory", Longman 1975. 

Stopher, P. R., and Meyburg, A. H., "Urban 
Transportation Modelling and Planning" 
Lexington Books. 1977. 

Tan ner, J. C., "Forecast of Vehicle and Traffic 

in Great BritainIIvTRRL Report LR 650. 



253. 

Thomson, J. m. , "An evaluation of two proposals 
for traffic restraint in Central London 
Journal of the Rotal Statistics Society 
Series A, Vol. -130 Part 3 1967. 

Thrift, N., "An 
University 
CATMOG 13 

introduction to Time-Geography" 
of Norwich, East Anglia, 

Transport Policy, U. K. 

Transport Statistics G. B. 1965-1975. 

TRRL, Research on Road Traffic, HMSO 

1977. 

1976. 

1975. 

Wabe, J. S., and Coles, O. B., "Cost of Providing 
Bus Transportation Urban Area", 
PTRC Semminal Proc. 25-29, June 1973. 

Wagon, D. J., "Public Transport Analysis" 
"TRC Spring Course, Transportation Mode 
Theory Lectures 10 and 11,3-7 May 1976. 

Wardrop, J. G., "Some theoretical aspects of 
Road Traffic Research", Proc. Inst. Civ. Eng. 
Vol. 1 pp. 325.1952. 

Wardrop, J. G., and'Charlesworth, G., "A Method 
of Estimation speed and flow of Traffic 
from moving vehicle". Proc. Inst. Civ. Eng. 
pp. 158-171, Fe. 1954. 

Wattleworth, J. A., "Traffic Flow Theory",, 
Transportation and TRaffic Engineering 
Handbook, Inst. of Traffic Engineers 
Prentice-Hall. 1976. 

Webster, F. U., and Cabbet B. M. p "Road 
Research Technical Paper No. 56, HMSO 1965. 

Webster, F. U., "Urb-an Passenger Transportationg 

some Trends and Prospects", TRRL Report 
LR 771.1977. 

Whol, M., and Martin, N., "Traffic System 
Analysis for Engineers and Planners", 
McGraw-Hill 1967. 

Wickstrom, G. U., and Grant, A. A. # "Planning 
for Implementation"O Transportation, 
Amsterdam, Vol. 1 1972. 

Wilson, A. G. , "Urban and Regional Models 

in Geography and Planning", Wiley. 1974. 



254. 

Wooton, H. J., and Pick, G. W., "A Method for 
Trip Generated by Household", Journal 
Transport & Economics and Policy) 
Vol. 1 No. 2, May 1967. 

Wright, C., and Orrom, H., "The Westminster 
Route Choice Survey", Traffic Engineering 
and Controlm Aug. /Sept. 1976. 

Zahavi, Y., "Travel Time Budget and Mobility 
in Urban Areas", Federal Highway 
Administration, Washington, D. C., May 1974. 

Zahavi, Y. , "Travel Characteristics in Cities 

of Developing and Developed Countries", 
Staff Working Paper 230, Washington, D. C. 
March 1976. 

0 



TABLES 



(OL) ttnw. Aoj 

Ln 

i 
rý; 

Ch 

etnuuoj 

0 
CD 
0 

CD 
CD 

CD 
CD 

c> 
CD 

(Z 
cli 

Ln 
gr 

0 
(D 

azeds UL 
Z a6eZuaD-Äad c, >. -. V) CO mr 1- t3 to 

(Z ýM M- 
uý CD 

a: )vds uL 

BWLZ UL 

c"i a6eZuaD-Aad CD CO Logl C) 

awL 
.; 

UL 

' 

CD 
CD c2 CD CD CD (D 

i)5P ZuaDJ, 9d 

U ýlu 

to UD 
CD 
CD 

(D 
0 

to 
to 

M 

CY% 

(2 Ln d= Ln 
CD 
CD 

ýD rý Co - M 

Hd> 
paadS - %0 w3 

(D 
-e 

CD 
m 1 

CD 
CD 

CD C" 

; jun jed CD 
M- 
M' 

V> 
%0 CD c9! 19 '! 

Co CD CD 

azu Ins L(] 

CD Cm 
A; 

ON 
47- CD 

cy 

ý 
to -r- 00 

La- U. LL. 

C%i c"i 

ne, -: r -e 
-w 

CD 

r 
,m 

%0 r, 
m 

CD -I : c2, 
- 

95 to 4) 

LL. LL. LL. «o 

to Co ý4 
j2 

c , to 

E - ,u 

= > -. 0 %0 0 

CD 
4- CD 

Wim 
E L. . ý- 

WN- 
4- 

4- 
4- 

cu im 4- 

1, - %>. 1:: » ý2» .. 



x e r4 oý 

Co M 
l>D 

> Co 4 4 : , - ýý 0 2 2 

ro 9 CN 0. km 0 

P , 
A 

ce r. A 

�r 
vý ý 0 c4 e cm 

UM 
Z t' 

r, = 1 e 
CO 7; T Fz = 

r4 
1 - 

- 
o v 

4 
m 

>- e m - r4 rY ý - ý 
Z 

0, c" Ir 
. en e ýe W., 41 :Z 

LW 
te 

. . . . . . . . 

Cli M e K C, 

C> 0 (D 
Z 

ui c- x LLJ 

10 10 Co - f', Co y fý, 0 e 0 
N '9 '! '! `ý 9 -. 9 11 '! '9 -0 CN Co . r4 rý r14 AM (N 

C-4 MA m M M 

rý 
cx 9-2 M e ' 9 

rw c4 
fý 

c4 le vý 5 ;Z 19 
V ) 

8 

CN M V) e CO 0 ýr 

A 

c9 `ý . t! . 

. Wi Ilý V, "q: CO Ci `ý '! 
r, 
- 

0 
n 

Co 
`ý -! rd rý t 0 Co -, e , 9 m 

vl CN Co r, 

. . . c2. . . . . . . . . 
RI 

CC) 
IIV 0ý a- Co Cc C'4 V1 V4 !20 In Ol CN Wý 

x.. 
I, 

LAJ "! 1! aý 11 "! Cý 1ý 1ý .. 
Cý 

I- 

I 

C4 C-4 

I 

15L00ý. 
inoew Nn C), CN 

-r c:, 12 '11 5; Z co r. 4 -e c4 

r*4 An CN 0 Clo V, 5 --r It 0, - 48 .e m l - Co 

- 
r4 

cm 70 J. ) 
0 c2 

Z0 uu L' , (4 Co c2 r4 - r' - 0 -e C. ) 2 :; i 0 
IN ll - - r4 

r4 
ýp 
C-4 

cý 11 > �9 c9 119 Ilý . n N 
0- m Ch 

> Z (i e-; V) 
- 

UM 
f4 

f14 
ýp 

Co e4 
m' 

M, 
Co 

ty M, = ew 
p; r 

le KO 
(N 
e 

r, 
rý 

Co 
Co 

m 
0. 

rw f, C). r) 

ý 
0 0 �r 

ri , C. ) 

- 
0 

W 
M 

"V 
m ', ' 

wl 
q, 

0 
A M 

(> c9 wi - q N ý M 0, 0 : M : M -! 

ui 0-9 - 5- wl 

G5 CI) 
rý, *ý 

ty 
M 
V) 

2 n M 
4 

m 
= 

.. 
>ý 

c, - 
2 

z l', 
9 ul cm -0 A Co C) u Z 4n ul e wý m ew 0 c * Co e 

Z 

0 3ý 

_E ýo CD tD 0- M e en M N -e e c> M c4 ; id, N 0- 

eN Cl! A 
. 

40 
. 

-e 
. 

-e 
. 

c4 
. 

rw 
. 

C-4 
. 

M) 
. 

Co CD Am ; ; m eN wý 

c4 N ýe -e t> n 
ý 4:,: r4 N r4 

ed c4 C-5 1-r -0 r. 4 c4 t" 

C, 
7 7 9 s 1 1 , ct> -c, 

1 1 9 1 AM b- c Z e clo 0 an 0 NM CD 0 4m ýQ 13 b- km 0 en 0 
c4 

4m 
c4 

0 
4-1 

CD 
le 

- - C. 4 rs (15 

0 
ll (> ýc 4m - C). 10 CD 

> 

4D 
CL 1.0 
E 
a 4A 

4A 

6 
'a 

0 

I 
0 
U 

-0 
co 

LU 

-f -. (Z ý CO 

0 
0 

-v C 

* 



0 Cl> cý Co cn 0 
e 

9 C! 
CN zr N cý 

x 
CN (N , 

�lý 
0 0 Co 

Z R sý! Z; 5 U-) n tn 
- - 

Z t:: ýe lý e '19 cn 
`ý 11 Co 11 N 1-- 2 . r4 . gn - C) . C, 4 Co m (114 10 Co 

C'44 (n le e CO = ul 

C, 1 0 

ýe V. ) ö 

, Nt pl, :. (n CO 2 
Lai 

00 0 (N 

- 
:. 

9 
CD 

- 
Cl 

- 
An 

- 
0 

- 
0 

N 
e 

N 
(> 

lý 
M 

c9 LLJ 
Ci- . . . . 

LU 

!Z R '0 
Uli 

0 
ýo 
Ci 

m 
.4 

9 CN 
CN 

00 
�l- 

(> 
r' 

ýo 
-e 

N 

00 
1-e 
A 

CK) 
Z 

N 
CO 
C! 

CX 
-. 

(14 
lý - ci 

(> 
CN 

(N 
r', 

0 
C'4 

ýo 
CO 

e 
ýo 

V) 
143 

> 

0X 
wý 
Co 

0 (D 0 Co 0 Co Co m Co ýe 
CO c, ý gn 

4n 
m 
M 

E ' ci vý c; -0 0 r- Kn - 20 :4 :Z Co ýz r> vi to - -e Co r4 
C, 4 r2 nt 

4) 

0,0- Km 
r*4 

M c> 

vý (N 2ý C%4 m lle wý 
1 

0 
f- _c 0 (P m 

r-4 
0 

m 
(D 

(D 
CO 

p5 Co 
cý 

9 2 ld) 
Wi 

hý 
cý 

le 
n 

CID 
9 

-C> R 
r-, Co Co CN 00 

O 

Lii 
1 

:2 
C) u 0 _r_ el) ry 

le 
2 m 

CN 
r-ý 
r-, c" M 

LM 
CD 
(") 

*V 
U') r2 cn 

0 
Co 0 

.A 
0Z 

lqw ýo lqt le 
Z; V) -0 10 4A Co Co In Q 

P% 
0 Z 

X 

z 
, ?> .E 0. m gr 

(> 
m 

C). 
e lqr 

lqr 
(> 
Uli 10 V) 

:g C%j m 
m 
N 

r, % qr M 
- 

0 
%ei c2, CN 

wý m 
C) 2 CD 

-e 
U. ) 
't 

CD 
tn 

CD 
ýc 

0 
CO 

(P 
9 

0 
C, 4 

1 1 1 8 1 1 

+ 0 
1 

CD 
1 

- CD tn 0 2 0 U-) 0 0 Co r- 
1 ce - 

=) 
1 

v , 
- CN c4 M e e &n ýo k- 

0 

0 

e 
0 
X 

0 
CL 

p 

0 

_c 

4) 

-0 c IL 
x LU 

o. LLJ 
LJ 

ui co 



0 

4n Co e4 M ýr r4 10 

0 
9 m r! ýq cý el ri o: w! N fý r, N -V: cý 9 -9 c12 

- (4 ew en -e e ý Co = t, !c r A , 

u 92 (N r, e C>, c9 2: s! 114 0 - A 8 120 e "i "' r4 n = . CN . . . C, 4 
r. 4 

r4 cý 

C, 4 

cý Wi N 
t4 q ýe 2 e wl, CID 12 

--- rN (N 
ý 0 CD rj Km :s Co "d e- 0 Co zs ýy 

0 

- CN 1: ý 
ýr 

9 
ý C> 

9 10 N = Z: rý , U, Co 
r, C> m -r 0. tn 

Co p CO 
c4 

e 
10 

W! 
ý ' 2; - zn 

r, 

cg 
r, 

ýce g ýo r, Co ge ým Co o' ": m vi :q m f4 
1x l i md r4 t4 e4 f4 m -e ýv Kn 0 CO 

0 c4 -e Co Co N 1 :Z N 9 a (ý 
:g 8 

= tn 

x 
CO 
-0 

CD Co 
ýe 

e 
14 

CD 
0 

c> 
ry 6,1 

fl 
Cld cc, 

ý CO = 

Co . c4 

Co 

&M 
r 

E C 4 CID 

D en 10 

E 
An V) *- Co 

Co 
C> 
cn 

u, 
eN 

M 
Co C, r, cg r> F; CD q: 0 c9 e 11 - 8 

E _: ro, R reo cs ý 9 

- -j 3 
- ", 3 2: 2; ci 323 10 6i C" l! Icoo . 1141 . ýo . 

9 7 8: 
. 

N 8 

m An -w m m m 4- Cb CN CD Co e e 

en tý 
CD 

ýr 
r, 

4m 
-i 

Co 
r, 

Co 
U, 

(> 
w) �, 

CD 0 l" 14 In C-5 

.. x 

fl 
tn Co M 4n N CO 

ew 
n 

c4 

.C - - , 04 
ew 

m. ci 
cm 

-v ýr ulb -0 h. Co 
- 

Z 
- 

Z 

Co 

ri 
:ý !c CD 4n CD in !? AM 0 a 

ac r4 CN m (-i -w An e 

-m 

L o 

- 
Lii 

ý 
, 

C 

ll, 

0 -0 c3) 

66 «o 

Co 

EE E 



"4 M 

CD 
N 
cy, 0 o, M 

. 
CO e Co 

-e - v 
00 N N 10 
j V-4 Co CN (n 

8 

-4.. ) c t- Lel C). 
0 

0 r. -i N (n '. o 0 0 
4 4) Co N (0 "ý N 7;; 0 > > 

Co Co , Co 0 0 

c; N4 E! 2 r4 -te 
4 

%0 

ýo CN 0 CN CN 
Ch 'le 

Ul (> CO CD 0 
Co . C) -, 1 ýI _P. 4 

11 Q) -<; cý C) 12 V 
to - CN :4 , (D 

r. c 
4 

Ci. 
Co 
41 ,0 p r, 4 CD (N kl. 

a) 
Ci. 

4) 
e 

cd 
;4 

0 CO LO ýz to -: (D CD 4) (D 
u > 

ý2 0 0 (M 6 0 Q 
k - - (N -e - ". 0 0.14 "4 ". 1 
9) - Co -i 
124 41 0 

m 0 0 0 2 

'V 
c4 

T-4 
Co M (n CO 0 ý 

k 
ce 

Lii 
90 

4) rýý ri ri cý u $e c:; Co CN C, 4 c4 CN - 
CY) 
1- 

Co H 0 ýo , c4 u 0 
r_ 

ci 00 C >b 

a) x -4 CN1 0 p C41 
0 %0 

Z 4.4 
ci Ci ;. 4 

10 41 

c; rý 4a 

0 
- 

.C C) u OD M (D %0 ý a) 
K 4 
G% 

tn 
Z 7-1 - C) 0ý %0 c4 (n 0 r. 

Z 
-4 00 

(ý (lý _: _: ci u Co r. 9) 
cl bl 0 

>% 0 41 
' 

- N M r. cu 
4-4 

94 
ce ek 00 V l le le V) 14. -4 

ri cu ca Z 0 
ci n im,. m Co Co 

-4 
Co 0, , r, 0 ýs - ý 9) t- Clo c 4 lý 

r- 
OD 0 

Co 
-4 
(M 

CO 

$. :Z j; ýo 
ýo 

M 
Co E s r= E r= in E 0 

+. ) 4-) 4.1 +1 41 
0--4 0-9 m4 P-f N-4 

Z CD LO 
rq m u-) %0 Co to 4A 

2 0 4-4 

CO _f ý CO c> 0 Co m Co k 00 CN C'4 00 CD e 
2 5 1 

Z 
41 

- 
ý4 
cd 

M 
cn 

10 :Z s m "0 m s! 
X , 

21 
. -1 

0 

E4 c; 6 5ý2 r4 (> r4 
Qq 

- 
N Co c> 

(N 
m Z ii 9) ý in -e to Lo 0 

%0 0 %0 0 N r) jý x 
o 0 7 ý m ýo G 
CO rn 

l t- 0 Li ) N (N c4 r*% 
0 

Li-) Lo LO ;; 10 u3 to 0 c4 m ; 1 
lý 

1 
l'ý cý C, 9 . rA 

c4 le re 

aulozul .x 
co r-A 9 CD Co 

; z 
Co 

ý 1-1 
Im 

p-roqbsno14 
c r "" 7; m -e N 

0- 
r 

C, 4 
in 0 

r= 
(H 
0 

tn, 0 0 
u e vli b 

dnoi2 . r. 
e '! rA 

GMODUI c4 M lle te) E4 c4 > c3 

1X< ix 

m 
CM 

U) 

uj, 

-j 



ri 00 
%'1 10 10 0 

kn 
ZO 

LM 
CN 

Co 
Co 

cý 
CD 

Co ;Z N V) CO (0 
>% 

4 ) 
cj 

r-4 

Co 
4 

-: 
. 

N 
- 

Z 
N 

ý 8 
41 

94 
:b 

0 .. t- r. ( 0 CN M 
0 r. -4 ýo 

FZ -, 0 (0 0 0 
Q) ce 8 a > > 
ci, 4. b Co Co Co 

.. % 0 0 cn 0 Co ýo - c> k 94 k 

Co 10 0 (0 0- 
Lil 10 r4 r-4 r-4 0 0 

N4 cý 16 c; Lii OZ 9) 0 
- CN r. 4 

% , 
CO c4 4.. % +b 4. ) 0 - rn 0 V) 0 CN le r1-. 

. 1.4 1.4 .,. ( P, 

11 0 
m 

"4 cý ý4 .: c; Co, 10 12 0 (0 

bo CN LO - (P (P 0 Co 4 
12. 

cl 
41 00 (> %0 to 0- 0. 

x 
lz 
X 

P. 
X 

k 
C, 1 e4 4) 0 0 

Q cý 0 N Co d 8 F-4 ýI r-4 V. 4 
CN 

CD c4 C)% 10 C) 

(ý cý CG 

- 
-4 
(N 

6 

le -- . 
1 1 r---1 r---i P. 4 

Co 
- 

Co to - ýo 
k 
Cd 0 ý, - 119 c9 n 0 0 

< - CN 
14-4 

ýr- 

.. -4 
m 

0 

Co -1 
- 
0 

(> 
N 

7; N 
C-4 

0 
0 

u 

m 
Cd 
0 

c> to CN Co 

vý cý c; c; 

0 
J. - 

0 
r. ) 

- 
CO CI) 7; M N 4) rn 

(0 V-1 rl-. N le (>. Kn 0 r. 
Z -m . 

0 
0 

> 0 m m N a) 4-f Co 

-4 
e_ Co m m -m lle LO 4J 4.1 Co 

9: tr) r-. u ZE 
Co 

= 
Z 

im 
0 
00 

H 
00 

li 
1-4 41 00 ., 

r) ti., 0 

(D 
to 

-m t- (N M e tr; ý4 t- 00 0 V-4 
00 
r- 

0 
00 

m 
(D Z t- Co Co rA cu 

Q) 
C) 
iz C*l M le E rm E 

m 
r= 

rA 
rn 

Z$ 
0 

> = x M 10 cn C. 4 N fi Q) 0 c; iv ü) 0 C 
< 

w 
:z 

w 0 4.. 1 -w +i i. ) -p +i 
C 

Z 

C) (> 0 4-) cn 2 Cd 
CN M (0 10 0- 

12 
PQ 

0 
00 

E- C) 
00 -4 

10 e 0 LM 141 cn CO 
m 

N 
Co c4 Z 

dj -, 0 in 6 
0- cý c-; 0- %0 

Im 

-M 
- 

> 
M. 4 

Co %0 (D 
CID to 

CD 
M (0 0. le l= 

0 

0 Co p7 CV) 
S. 4 : :$ 1 

1.. 1 
0 0 cn e in tei CD lle %0 

c4 
. . . 0- CN e 

1.: -e ci 
141) %0 0 

til til Co c4 0 m 

-4 U) 0 to 0V Nt lm 
19"OUT 2 (31: Cý 16 ui (ý Cý lm 0) %H 

PToqusnoH 64 cv) Ln V -, r= 
-HI 0 

0 
LO j >4 Q bq 

: 14 
1 co r. dno. zJ x CO W 

otaooui C4 cv) r a 11 (ý,: 1 
co 

oll IxC 14 1ýx 

m 
04 

uj 



V-4 
c 

CN :Z ý LO N gý 

00 , - c4 M , s. Q. ; eý- Co 3ý 2 e Co md -. r , CD X 
q. (r) cý CD A 

C*4 cn 0 
0 
0 

rA 
r. 

- 
-4 

- N -(> Oiý- 
0. 
rA 

"4 
0 

0-1 
0 

, --4 (1) (4 o' %0 (0 r.. i #Z) 9: > > 0. 
0 

41 
cý c; cý 1<; 12 - 

CD 
0 ci $6 Co (t 

CO e4 CD 0 0 

W 
" 

0 00 cý rý C-i 4 oý s 
-, 9.4 - C'4 C-A N 0 0 (D 

Co - 11 ß-t ;w 43 
; 2 1-0 M 0 
x 

%0 CD 
Co . 14 I 

4 
-e c> m c4 c; 0 cl m 

9 CN to - 
r. 
0 

r. 9: rw 
.4 a4 

to 
41 V) &ý N 0 0. 

0) 
926 

a) 
e 

IC CO 119 

Cl> , 
CO (0 G; x 

4) 
x 

(U t, 4 CD (D 0 

Q 
c4 c; Q fi 

Nd 
- ---- q& Co e. 4 

0 
04 r2 

;5 c ) 
4. b Co 41 

0 
Co 41 

0 
ý4 s 

- 
Co 

ce z r 
Co 

, - -»- - - CN - 1 1r Tr i 
? -4 CD 

3 0% ul 94 ce 
r4 
P- 

0 OD 10 lit ri ch 
Z 

C) 43 c> %0 CD 
0 

Co , r: 
C) 00 -, ý 6 6 6 6 

r. 
-4 

>b 
0. . 

t- r. 14 
x 
4) -1-1 CD 0 CN 0 c 

:3 
0 
94 M e -: ci 

c4 

.C 
0 
u 

(D LO CN (> 

3; m 

N ZO e - .0 (A 
Cd 

0 4-1 N4 
4 0 r-) (0 94 a) 43 

>b bR 
0 CO 

M 
A Co 

M 
c> 
e cn 

w 
:3 

= 
9) 

Co 
4-4 

4 
0 9 r. 

_q 
0 4-4 0 

ba 

e 41 Co %0 V) w Im Co Co 1-4 
N - %0 0 

ci 9: Co 0 _f 

C) r4 > CID ('4 -0 , 9) 
' 

E r= rz E E rz 0 
> 

cc: x to (N 
1 

< w LM w 
0- CV) 

. 
le Kti i 

0 +. ) 4. ) 4-J 4. ) 4-) 4. ) 

2 "r Z 
hý 1 N-4 1 0-4 1 )_i N-9 )-f Vi 

r-i P-4 
00 N 1 C %0 CO ca 

ý c4 44 3 N Co N 10 9-4 c 

'l 
Co 

11 tn 0 to -e CN ý 9 
r2 CN 

-r > 
0--f 
W (> 10 0 0 LO :Z M ic 

a) X 41 ZO �lý ci -7 '9 lý 119 e . -N 
0 

E-4 (4 le ýo 0- M le 0 w 

CN 
(P 

1-4 

Co C%4 le to %0 N ul Uli k 
9.4 
Z 

. 
. 0 

CD CN 
10 0 CD p- - CN to , CN 71 

1 

CL. 1 W 

W CO Co N to C) 
CIY CD CIO 10 C) CO 

cý 
,0 to In N Z 

0 
r- Cm N 0 e Co 0- til 

cý 
(xlxaam) 

". 1 
00N 

2 c-; ý6 Co 0ee ptoq, gsnoH C41 M LO CK) - CN 

dno. i2 CN cn x 

GMODUI 
14 

QH 
0 

o 
LO CN V va 

CO r. 

11 ý *1 "m 
It. > 

104 -. 4 Ix 

Q 
CY 

LO 



14i N 

cý 

00 z t, a , m 
>b j ý4 . 

CN 4-3 >b 
4-) c Co cý cs N t- 

0 r. ýq =N t4 

Co 
(4 a) 0 

ý4 Q) (t CO (n Lri cn 0 r. > > 
5: ). 44 . 

16 ;. 0 c4 Cd cs 
. l-, 0 (N c4 c> 

CN cx - 1- k 94 
kg ý ý m 4a 4j 44 

X lz - 1-1 Co C r. ri 

7-4 
Co 6 - tý (> 0 0 0 0 

4) CN r, 4 CN 
Co 94 kg 41 

2 
41 

:1 
41 

14 
0 

: 
11 0 00 rý _ -4 (D c; 0 la 10 10 9A 

CN (N Iv PN P. P. k 
10 CO M CO x x x 41 

C'4 00 
cd Co ý4 

Co m Co 0 0 0 0 0 

I 

cý cý CN 

IN, Co Co Co to Co li c IN ý 
. 

Z Co CH Ir- 

. 6) 0 M 
(: ý 

N Co m tn cl 
P-4 Co C) 

Co LO 0 
>b 

12. c 94 

I (> In 
Z 

> c c: 0 
- 

X 1-4 (D N 11-) 
ie 

ce 
C) 4j v; cý c; c; cý 41 

-1 0 N4 
0 o 

m u LO cn (> tvi Cd 0. 
c4 (D CO No 

ci 
0 44 k 

1 
0 

u 4 
CN LO CO 00 - ý-4 r. 0 A4 

0 0 Co ý4 r. 
4-4 Co 

9.4 ' 
Q) l 

ei (2 
it :i le m U i 0 u Z = m Co 00 -4 4-3 Co Lo Lo Lri c5 0 

(D H 1- 
r- 00 (D 1-1 

OD 
t- 

(D 
00 

m 
(D 

r- r- 00 00 ri) 0 0 to ýo 'n Co m 

(P KZ > F- ýo 
:Z :Z -e o 

1 
r= r= E 5 E E 0 

> = 9 t- OD 4-1 cu 9) 9) 9) 9) 4) J., 
< c4 

. 
r4 ri 0 4j 4--) 4-3 4j 41 

1 
41 

7 b. -4 >_q P-4 
Z 

to cio le 10 m Cd Co 
- cn N o- 7 P*ý 119 cý 

w 

%0 

- 
1.4 CD ft) m %0 r. 

CP 
X CU 

41 ri CID -le od 
0 Mit c; rý (: x 

CD CN 
(4 %0 CO 

10 %0 tel Lill Co V) till 
00 

c c> c4 CN C) CO P% cn 

W CO -0 
le 

qr 
le 

is 
0 LO Co 

c4 cw; cn 

r- 
rn 
c4 cv) c4 VI tn gl, le 

1 
0 

t- c4 
02 

(x151aam) 
OMODUT C, 4 

pToqzsnoH m E 0 
e4 0 

x ul 
e li 1 

. be 

dnoi2 - 
a w 4 li ll, 

GMODUI c4 cr) le 
x c 

> c3 
< ix 

Cý 
Ul) 

LU 



Ne Co 00 
P CN ý 

vý 0-- 
(V) cý M 0 

10 
_c ý m CV) ;Z 00 

CZ) 

cý 
, Co 

CL 
Z 

0 

(N CN CN 

li (D CW) c; cý 
-4. - 0 

Cll! C 
FL 

0 
0 CN 
c 0 

c 
0 

C) 

Uli C) 

tr; 
tn 

ta- 0 - le 
M 
Co %0 00 N 

Ci 
CD 
CN 

E 
0 

-00- A CL li 
0 

.t A 0 Z 0 öz W% 

c 
0 - OD 

1- CY) 
lý %0 -i 0 

E Co CD r4 0 
:t 0 

u 
CN 0 V) 

» 0 
c 

(D 
00 

0 
E -E 

N 
Co 

(V) 
CIY :Z (> 

ýc 4) 
CL - 

0 
0 

x 0- ce3 CN N 10 
cr) 
tn 

K 
r`% C, 2 4i 

m 
Co OD (N 

Co CD 
7: z 1 Co 

q 
to 

ci 
1 

Co 
21 

N Co 00 qt %0 r14 %0 0 
- *-0 

-- %0 

C> C> 
(D 

qt m 
Q 

m 
ýe 84, 

E 0 0 0 
1-- ID 

E 
ýco 0 0 CN 0 0- 

. ýz -OR 
zz 0 

U 
(N 

0 
Lil 

to 
C: D 
to 

N 
*0 12190 

,,,, 

C, 14 
c, >O. (n 2! %0 c 

0 
1 

- 
4) 
1- 

c 
- 

0 CO 

0 
. 

0 

. Z 
(D 

-0 

_c C) 
Co 

-b- 
0 

t4- 

CO (N 2 
-e 

Co 
12 Z cw 

Z., 

U) 

0 8 0 

CN 

10 

c 
Co 

» 
X 

LLi 
tn 

< 0 Co -e Co 0 
x 

LLJ 0 m 

o U2 to LO 
0 

Co 

en 

0 C, 4 

1Z3 
0 

«o 
c 

00 
Ln 

8 9 CN 
c44 

CL 
x -4 9 4 -0 

0 
C. W 

Z, ui 
= 

c E r 
CN 
Co 

CO 
00 411 

0 X 
0 
r_ 

= 
0 u (4 CN 

LLJ r_ 

LLJ LU CO to 

> 

0 
a- U, 

a I. - 
I- 
C 
0 

0- 

x 
ui 

-0 CV) 

W; 
LU 
-j co 



TABLE 5.4 

F t: K k.; tNT 

Work Shopping Social 

CBRCBRCBR 

<1.6 6.2 2.6 0 12.8 5.2 0 8.1 1.8 1.6 
1.2 

1.6-3.2 9.4 11.1 .9 15.2 21.1 2.0 9.0 11.9 0 
2.4 

3.2-4.8 21.7 27.0 3.9 22.0 32.0 18.0 18.2 24.8 13.1 
4.0 

4.8-8 20.3 27.9 9.3 22.6 22.6 16.0 23.6 23.6 18.0 

6.4 

8-ý6 23.9 23.2 26.8 21.5 14.4 26.0 23.0 23.0 23.0 

12 

16-24 10.2 5.4 24.6 4.6 3.8 6.0 7.7 6.6 14.8 

20 

24-40 6.1 2.5. 23.2 5.1 .8 32.0 13.7 8.3 29.5 

32 

40 + 2.2 .2 11.6 0 0 0 0 0 0 

50 

Total 1GO 100 100 100 100 100 100 100 100 

Average 10.43 7.79 22.0 7.7 6.05 16-, 4 11.0 9.54 16.8 
trip 
length 

Average 12.0 8.3 36.4- 
all 
purposes 

L 

Trip length distribution by mode by purpose 

Source Rigby, 1977 Ccar 
B bus 

NTS 1972/73 R rail 
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Speed h R 
t 

R 
m 

B A R- 2Bh 
hT-+B P=RRm RtR 

20 1 1 1 2.615 2.615 1 

40 2 2 1.28 2.615 2.04 1.56 . 388 = 2/5 

60 3 3 1.34 2.615 1.95 1.85 . 307 = 1.5/5 

80 4 4 1.30 2.615 2.018 1.96 . 244 = 1.25/5 

100 5 5 1.20 2.615 2.18 1.93 . 192 = 1/5 

120 6 6 1.085 2.615 2.41 1.84 = . 7515 

Rate of Generated Trips for Different Speeds 

TABLE 7.2 



Max. (R - 1)% 
P 

Speed 

40 60 80 100 

-1 -42 

-4/5 -28 -100 

-3/5 -14 -66 -128 

-2/5 0 -33 -75 -132 

-1/5 14 0 -22 -56 

0 28 33 31 20 

1/5 42 67 84 96 

2/5 57 100 137 172 

3/5 71 133 191 248 

4/5 85 167 246 324 

1 100 200 300 400 

Value of P 
(High Range of Improvement Speed 20 to 100 KmAr) 

TABLE 7.3 
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APPENDIX -5- 

Car Operating Costs, 1973 
Fixed costs per anrwn (f: ) 
Engine capacity cc's up to 1,001- 1,501- 2,001- 3,001- 

1,000 1,500 2,000 3,000 4,500 

Motor and drivin- licences CP 25.33 25.33 25.33 25.33 25.33 
Insurance 79.16 90.50 103.55 164.42 174.10 
Depreciation 95.78 1. - 28.08 169.88 257.76 329.21 
Interest on capital 38.31 51.23 67.95 103.11 131.67 
Garage/parking 52.00 52.00 52.00 52.00 52.00 

290.58 347.14 418.71 602.62 712.31 

Running costs (pence per mile) 
*Petrol 1.009 1.308 1.546 1.858 2.317 
Oil 0.061 0.076 0.096 0.120 0.166 
Tyrcs -1 0.111 0.129 0.152 0.219 0.286 
Servicing 0.180 0.193 0.202 0.217 0. -182. Repairs and replacements 0.650 0.698 0.816 1.039 1.318 

Margi: nal costs 2.011 2.404 2-812 3.453 4.369 

*At 40p per gallon. 
For every penny more or less, 

add 0.025 0.033 0.039 0.046 0.059 
Average costs (pcnce per mile) 
Running: 

5,000 miles per annum 7.823 9.346 11.186 15.505 18.615 
10,000 miles per annum 4.917 5.875 6.999 9.479 11.492 
15,000 miles per annum 3.955 4.725 5.610 7.477 9.125 
20,000 miles per annum 4.3 76 4.161 4.917 6.478 7.942 

Source: AA Schedule of Estimated Running Costs, 1973. 



APPENDIX-6- 

Breakdown of the operating cost formulae 
I () I 

Vehicle Item 
Costs per kilometre Costs per mile 

a b C a b c 
Fuel - net 0.25 13.5 0.000033 0.41 13.5 0.000 139 
Fuel - gross 0.41 21.4 0.000053 0.65 21.4 0.000220 
Oil 0.05 - - 0.08 - - Tyres 0.08 - - 0.13 - - Maintenance 0.45 4.1 0.000010 0.72 4.1 0.000042 

Car Depreciation etc 0.30 1.0 - 0.49 1.0 - Time - 81.0 - - 81.0 

Total. - net 1.13 99.6 0.000043 1.83 99.6 0.000 181 
Total - gross 1.29 107.5 0.000063 2.07 107.5 0.000262 

Fuel - net 0-32 13.9 0.000036 0.52 13.9 0.000150 
Fuel - gross 0.52 22.9 0.000059 0.84 22.9 0.0 00 '41 47 
Oil 0.08 - - 0.12 - - 
Tyres 0.15 - - 0.24 - 
Maintenance 0.87 7.1 0.000 Q 18 1.40 7.1 0.000077 

Van Depreciation etc 0.70 2.9 - 1.13 2.9 - 
Time - 120.0 - - 120.0 - 

Total - net 2.12 143.9 0.000054 3.41 143.9 0.000227 
Total - gross 2.32 1519 0.000077 3.73 152.9 0.000324 

Fuel - net 1.11 15.8 0.000070 1.79 15.8 0.000290 
Fuel - gross 1.87 26.6 0.000117 3.01 26.6 0.000488 
Oil 0.11 - - 0.18 - - 
Tyres 0.61 - - 0.98 - - 
Maintenance 1.88 6.9 0.000030 3.02 6.9 0.000126 

Other goods vehicle Depreciation etc 1.02 7.5 - 1.64 7.5 - 
Time - 1 28.0 - 128.0 

Total - net 4.73 158.2 0.000100 7.61 158.2 0.000416 
Total - gross 5.49 169.0 0.000147 8.83 169.0 0.000614 

Fuel - net 1.37 22.1 0.000073 2.21 22.1 0.000304 
Fuel - gross 2.31 37.2 0.000122 3.72 -37.2 0.000512 
00 0.11 - - 0.17 - - 
Tyres 0.47 - - 0.75 - - 
Maintenance 2.74 11.3 0.000028 4.41 11.3 0.000115 

Public service vehicle Depreciation etc 1.77 22.7 - 2.85 22.7 - 
Time - 633.0 - - 633.0 - 

Total - net 6.46 689.1 0.000101 10.39 689.1 0.000419 

Total - gross 7.40 704.2 0.000150 11.90 704.2 0.000627 

Source: T RRL 661 



Source: FES 1975 APPENDIX -7 - 

References in Tables Components Separately 
Identified 

Transport and Vehicles 

77 Net purchase of motor vehicles, New cars 
spares and accessories Second-hand cars 

Car spares and accessories, new 
and second-hand 
Motor and motor-assisted 
cycles and scooters 
Motor and motor-assisted 
cycles and scooters 

78 Maintenance and running Repairs and servicing of road 
of motor vehicles motor vehicles 

Petral , oil 
Driving licences 
Motor vehicle taxation 
Motor vehicle insurance 
Garage rent 
AA, RAC etc. subscriptions 
Other road motor vehicle costs, 
eg cleaning materials, parking 
fees 

79 Purchase and maintenance Bicycles, perambulators, boats 
of other vehicles and boats etc. new and second-hand 

Accessories, repairs and other 
costs 

80 Railway fares Rail and tube fares, other 
than season tickets 
Rail and tube season tickets 

81 Bus and coach fares Bus and coach fares, other 
than season tickets 
Bus and coach season tickets 

82 Other travel and transport Taxis and hired cars with drivers 
Contribution towards cost of 
travel in friend's car etc. 
Hire of self-drive cars 
Water travel, including 
season tickets 
Air travel 
Other travel and transport, eg. 
household removals and storage, 
transport of luggage, animals etc. 
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