MODAL CHOICE

TRIP GENERATION,
AND TRAFFIC ASSIGNMENT

IN URBAN TRANSPORTATION PLANNING

BY

ABDUL HAMID AHMED AL-SARRAJ
B.Sc., M.Sc., M.I.H.E,

A theslis presented for the degree of
Doctor of Philosophy

in the Department of Civil Engineering

of the University of Strathclyde.

July, 1978



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 1is an inbuilt
sensitivity to the level 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

tfanSportation planning techniques and they effectively
combine modal choice with trip generation.

To complement these travel demand models a new
approach to traffic assignment has been developed. The
method uses concepts of "relative attractiveness'" 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 o0f 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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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 .1ife style of urban citizens. People gain greater free-
dom 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



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-reachiﬁg 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: £500 in 1922 could be
bought for £325 in 1926 and the price of commercial vehicles
fell by £100 during the same period. This rapid fall in
price and improveqent 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.



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 o0il 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 1s likely there will be more
restrictions on energy consumption, and research will concen-
trate on alternative energy sources, which may produce new

concepts 1n 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 1link 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
transportatidn facilities for the long term needs. Such
calls for integrated and continuous planning process. The
fundmanetal objective of the long range study 1s to develop
a plan to serve the community of the future and aiso 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.



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 1s 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 O0-D table and cost
matrix which is based on speed measurement and network anal-
ysis. These two sets of information (0O-D table and cost
matrix) are used for calibrating the forecasting models in
the following stag?.

(c) Forecasting is necessarily an inexact science. How-
ever, forecasts are 1in use constantly and must be revised 1in
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: Traffic forecasting is usually done by
using models as despgribed in the following section.

In order to obtain some guidance in preparing pro-
posals for future transportation systems an estimation 1s
first made ofmhow the existing network is loaded when ex-
posed to both the observed and forecasted traffic. The net-
work proposals and testing of alternatives usuaily 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



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

areas (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 éal-
culation éhows 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 socido -=economic characteristics and land use.
Thei also include transportation system parameters and re-
sulting travel patterns,. Not all such relationships are
reduced to mathematical equations, e.g., most existing land
use forecasting techniques are sequential procedures 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. Evaluatibn of performance
2. Data collection. of the model.

3. Calibration. /

4 . Testing.

. Prediction.

Properties of a good model are : simplicity, sen-
sitivity, stability and validity.

The model must be simple in concept and application.



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 1in
accuracy has to be accepted to save excessive expenditure
on computation (Lane et al, 1971).

However sophisticated . the model, it is essentially
an aid to decision-making rather than an answer 1in 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-

afion models are actually a part of system analysis or urban



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 CHARACTERIATICS

The social, demographic and land use charactéris—
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
economic antecedents. Likenesses and differences among
cities mainly relate to economic base, topography and age.
Population density pattefns 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-
ulatio_n and/or density increases.(Levinson, 1976) .'In 20yearsin
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), and 90 percent for vehicle kilometres (Figures

1.3 and 1.4).




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 159%
of total vehicle 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
effect of petrol price om:. car usage can be realised by the
fact that when petrol price index started to rise sharply
in 1973/74 the car passenger kilometres fell down correspond-
ingly. |
1.6 ZONING SYSIEM

Commonly in transportation planning processes, the
area under study 1s 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 (1in-
ternal zones) whose areas are small enough for most problems
to be pinpointed fairly accurately, and yet large ehough 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 o?f




internal zones should be less than the mean trip (Broadbent,
1969(. The size of zones, if it is done on this basis, will
appear as 1irregular 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 o0f 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 ordnance 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 calibrate models

2. to identify more precisely problems, domains, ob-
jectives and constraints

3. to yield some travel characteristics which may help
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