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ABSTRACT

The concept of accessibility is investigated,along with wvarious types
of accessibility measures. The effect of public transport accessibility
on household car ownership is examined,using results of studies in the

United States of America and the United Kingdom.

The behaviour of the Jomet cor ownership model is studied in detail.
Values of calibration parameters are derived for Comet districts,Comet
zones and for households which were interviewed in home interview surveys.
Values of parameters of the land use and transportation system are also

found,and statistical tests carried out on the results.

From results of analysis of variance tests and regression tests on
the three levels of aggregation,it is concluded that there is a relation-
ship between the calibration parameters of the car ownership model

and public transport accessibility in the Comat study area.

Suggestions are made concerning the meaning of the calibration parameters
and their behaviour. Recommendations are made for future use of the

car ownership models,as well as for future research.
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CHAPTER ONE : INTRODUCTION

In 1975,a tianaportation planning study for the Johannesburg
metropolitan (Oomet) area in the year 2000,was begun. The Jomet area
includes the Johannesburg municipal area,and tho surrounding municipal
areas,being Germiston,Alberton,Edonvalc,Bedforduieu, Sandton,Randburg,

Roodepoort and Soweto.

forecasts for the study have been made using a transportation model,
at the base of which is a trip end model of the category analysis type
The trip end model has three parameters - household composition,house-
hold income and householc car ownership. The car ownership model is,
therefore,a sub-model of the trip end model and forms an important

technical facet of tho study in general.

In addition to the technical importance of car ownership forecasting,
political and socio-economic implications of car Jjunership forecasting
have recently become more significant. Issues such as the fuel crisis
provision of highways and parking ,etc., are receiving the increasing
attention of politicians and the general public. In order to provide
satisfactory facilities in tho future,it is important to forecast

car ownership reliably.

A model seeks to simulate reality,within tho limits of complexity.
Thus, It is important to understand the mechanisms of all interactions
taking place in the model and in reality. It has been hypothesised,

for example,that car ownership rates can bo changed by changing tho

claimed that certain calibration parameters in the Jomet car ownership

model reflect the level of public transport accessibility.

It is tho purpose of this report to
- study the performance of the lomot car ownership in detail,
- study tho influence of various household factors,especially public

transport accessibility on tho calibration parameters of the model.



Th ,'ri iry purpu u of tin: ruport is to investigate the- behaviour
.a A N l.
It 1 therefore, appropriatel to study the developement .md u”ns of

the "p" car ownership model.

2.1 Development of the model

The "p" car ownership model was first conceived by Wcotton and Pick
(ref. 1),uho assumed that household car ownership is dependent on

the income of the household and the parameter,”"p".The modei 1is based
on the conditional probability of a household owning n cars,given
that the household income is x.

hJootton and Pick found that the function was c¢f the form:

P(n/x) = a.xn.ev'L,x

where p(n/:<) 1is the probability of the household owning
n cars,given that the household's income is x,

and a,m and @ are determined by calibration.

The functions then take the form of the graphs shown in figure 2.1

FIG. 2.1. Conditional probabilities of cat ownership



L " V. 1- m ') T: [ - wl -

. v,i'h x. vi s;.an fo: £ ,-orJ-.1 .m { houw>. ehold own jn <

ha» " found by subtracting the sum of the former prob-
er ,
3>, x% -7
v 1-P (0/x)-P(1/x)
blel ion fitted thr data:

i,1i5«-°-6x
1..64x2,29B*1,31>t

:-Y(o/x)-P(1/x)

m pred :cee Level: of car ownership,

mn iy ti- ‘'odd Ir icceptable.

i md predii tod ' i ownership rati '.-West Midlands

ini : ndti.m i 1



A similar model was used for the South Yorkshire County tram
study (ref.2) .Houevf 1,

probability of a household owning 1 i ir given that it owns

1 car and that the income of the household i x.Thi; relation

took the form

P(l1/ud) = jl-p-

where d is a calibration parameter,

and all other terms are as defined previou

Since P (1+/x) = 1-P(u/x),the following relationships ‘'ers defined:
P(1/x) = P(1/1+/x).(1-P(0/x))
P (2+/x)= (1-P (1/1+/x)). (1-P (0/x))

A negative exp ntial relationship was fitted to the 0 car owning

data,of the form
P(O0/x) = aeMVix-(a-1l)e”Il A
where a and b are calibration constants such
that b = a
a-1

Thus the final forms of the relationships for this study were:

P(0/x) = 1,22e*°»512x-0,22e"5»545fx

P(I/x) = "x (i-p(o/x))
1-32,5e"n,512x

P(2+/x)= 1-P(n/>,)
1+ 32f50"n,'"Jd

P(1/1+/x) = 32.50~"' ''2x
1+32t5e-CI,"1?x
log =0,512



A similar model was used for tho South Yorkshire County transportation
study (ref.2) .however,in this study,the basic relationship was the
probability of a household owning 1 car given that it owns at least

1 var and that the income of the household is x.This relationship

took the form

p(i/itA) = — _
l+de b
where d is a calibration parameter,
and all other terms are as defined previously.
Since P (l+/x) = 1-P(o/x),the following relationships were defined:
P(l/x) = P(1l/1+/x)..(1-P(0o/x))
p@2+/x)= (i-p(I/ 1+ A)). (1-p (0 A))

A negative exponential relationship was fitted to the 0 car owning

data,of the form

P(0A)

€MD (a-1) et X
where a and b are calibration constants such

that b = a
a-1

Thus the final forms of tho relationships for this study wore:

P(0A ) 1,22e°0,512x-0, 22¢- 5, 545fX

p(iA) = " (I-P(OA))
1-32£5e'D,1112x

P(2+/x)= i-P(nA)



theoretical
ownership in the study area,indicating once again that the model's
results appear to be accept ibl .
is shown in figurt 2.4.

number of valuer- of © . The ensiti

evident.
p/s) e 1224 £*-P3*
- (/) v EFQ%
1%3% 5r
P
04
02
e»ltarr/1000
« Fror rlI'C't of h  SrHr'Al * > o' »»».lsble

*« S.ch fu»r cisctif onf cm' m * «bt*
« FiOfOfI'Oft of Kovv#hpt<?twnth 0 cfr* # mUNTr
« Fferwwl om cf hevteholdt witl. 1tm m-e.imbW

« Fropoft'O-" of hen.v*ho'oi witl ? « < sveiUbtf
FIG, 2.3. Car ownership curves for South Yorkshire,

Source : reference 2

COVNM my»f n*r.C
/ 04

FIG. 2.4 Car ownership curves for a range of values



2.2 The 3r C i r Ouncrohir Mod"1l

Tho Jomet car ownership model followed a slightly different approach
in that the relationships for 0 car and 2+ car ownership were found,
and the 1 car owning category was defined as the residual probability.

ie. P(l/x) = 1-P(0/x)-P(2+/x)

The form of the relationships for the conditional probabilities were

found to be as follows: (ref, 3)
P(o/x) = a + (b -a ) e~
o) o o
-¥*rx
P(2+/*)= 7~2° °
where < is calibration parameter and

is an,as yet,undefined function of @3 ,

c=In (—=2) , a 1is the value of p(2+/x)

when x=0,and a”,b",anj b, are parameters

- ‘' Usually, a~-f. defining the asymptotes and intercepts

of the curves.

Car ownership was modelled for four different population groups,viz.
Blacks,Coloureds,Asians and Whites. The model for each population
group was of the above form,but the parameters varied.The final

ipa found for each population group is shown in table 2.

2.3 Thn Importance of Beta

Tho carownership is a sub-model of thn trip end model. Since "p"'
is contained intheconditional probability expressions of the car
ownership model,it lies at the base of tho trip end model and it is
therefore important to estimate "p" correctly. By knowing tho dist-
ribution of income,tho conditional probabilities may be unconditioned
as follows
P(n) = £P(n/x).f(x) dx,
whore f(x) 1is the distribution function

of income, x.



In an exercise carried out by tho Jomct study team (ref,5),the 3omet
trip end model was used to predict trip ends for different wvalues
of The results of this exercise are shown In tables 2.2,2.3 and

2.4,

The total number of trips predicted does not appear to bo unduly sen-
sitive to However,modal choice appears to be sensitive to changes
in especially at low values of ". In addition,home based other
trips and non home based trips are affected more by a change in "p"

than are work trips,

2,4 The Behuviour of Beta

The values of 'W" and "(@3" for the various population groups were found
using maximum likelihood methods based on data for the whole study
area. Therefore, the values of "%X" and "ft" used in tne model are

averages for the whole area.

The primary investigation of this report is the hypothesis that »~ is

a function of public transport accessibility. It is necessary, therefore,
to discover a spatial variation in which reflects the variation of
public transport accessibility. Tho fundamental question is

Does p vary significantly,spatially and if so.is the variation related

to the spatial wvariation in public transport accessibility?

As will be shown in chapter 3,strong evidence of a relationship between
public transport accessibility and car ownership has boon found in
studies overseas. If a similar relationship exists in the Jomet area,
and there seems no reason to assume otherwise,then in areas of high
public transport accessibility,car ownership rate hould be low.
Because of tho form of of tho "p" model,when car ownership levels

are low,p is low. Thus,” should bo inversely proportional to public

transport accessibility.

Ideally,to study variations in (3,values of p> from various studios

should bo compared. However,if one compares,for example,the wvalues



Table 2.1 The Jomet Car Ownership ktodels

p(o/x) n2
-Q,25x
-0,1x
Blacks 0,15+0, 658 0,83 0,4eC8
-0,175x
-0,2x
Coloureds 0,082+0,94e ! 0,75 | 0,58Ce
-0,19x
Asians 0,047-0,95e"0, *JX 0,68 0,75eCe
-0,225x
0, 9eCe
Whites 0,91
In all cases c 1s approximately -4,5
Table 2.2 p and total trips predicted
WHITES BLACKS
f3
0,15 0,35 0,45 3 0,05 0,10
: 1084
Total trips 1539 1687 1750 3 1077

(x 1000)



Table 2.3

transport

Table 2.4

o)

% Home based
Work

Q

% Home based
Other

% Non Home
Based

%A Home based
Education

0 and % of total trips on public transport

WHITES
——— i___
I
0,15 0,35 0,45 I 0,05
18 14 11 54

p and purpose splits

WHITES
0,25 0,35 0,45 0,05
34 31 21 55
32 35 35 35
13 14 15 6
21 20 19 4

BLACKS
- n"m
0,10 0,25
52 45
BLACKS
0,10 0,25
53 47
33 32
8 9
6 11
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of 6 found in the 5ELIMEC,Uost Midlands and South Yorkshire studies, the
results of of such a comparison are dubious. The models for the three
studies mentioned aro of different forms,and therefore the definition
of p> in each study is likely to bo different, furthermore, extraneous
socio-economic influences on values will differ from one city to
another eg. residential and employment densities,average size of

households, etc.

In order to minimize the the differences in 'externall factors,statistics
fOi South African cities should be studied. Table 2.5 is presented

by Stanway (ref.4) and shows wvalues of p for three cities in South

Africa along with some household statistics. It can be seen that
household statistics within any population group remain approximately
constant. However, there is no groat variation in @ between the three
cities and, further,there is no information on public transport access-
ibility in the cities. The information shown in table 2.5 does not

encourage the hypothesis that p has a spatial variation.

If data is examined for the 3omet area specifically,spatial variation
of p is suggested. Table 2.6 shows data gathered from calculations
of the Jonot study team (ref 5). The @ values for Whites and blacks
are shown for two different areas. For both cases, the wvalues of P
change significantly. If Coloureds and Asians aro compared,there is

once again a significant change in average p values.

There 1is a complicating factor in tho domot study,namely the factor, .
Sandrock (ref. 3) states thatis a function of @ . Tho Jomot study
team examined tho relationship botweon °< and @ values and obtained

a relationship as shown in figure 5.1. This relationship was obtained
by plotting tho average and @ values for each population group.
Because of the vastly differing socio-oconomic characteristics of

the four population groups,and tho unknown effect of those differences
on and p values,tho relationship must bo considered suspect. The

unexpected result obtained for Blocks fuels this doubt.

It is interesting to note that tho values of of given in table 2,6
show no variation within a population group. Tho flat slope of tho

relationship shown in figure 5.1 also suggests that o( is less variable



Tablo 2.5. Car ownership statistics for some South African citlas

Source : reference 4
riablc Ave H.H. Cars /1000 Average per H.H
m Income Population
& Race p-a. (R) Persons Wort nr: 1

JOMET (19 75)

Whites 0,35 9585 420 3,009 1.32
Asians 0,25 6725 161 5,57 1,70
Coloureds 0,20 4454 89 5,71 1,77
Blacks 0,11 2692 34 6,02 1,99

CAPE TOWN

(IPV6 )
Whltes . 7600 413 3,03 1,20
Col onreds 0,16 3300 73 5,61 1,83
PRETCRJjA
(3974)
Whties 0,24 6600 414 3,16 1,35

Blacks 0,05 - 30 5,89 1,91



Table 2.6 «

Dnpuletion GnojjE

’

Whites Jomct

Whites Johannesburg
Blacks Soweto
Blacks Dube

Coloureds

ians

Source reference 3

p values in the

Value
°,35
Q 30
0’ 1725
0’ ?
0 25

lom.t area

od-Value

0,225

0,_/\/\
0,25
°.25
0,175

0,19



than (B . The relationship between # and

in a later section.

2.5 Conclusion

Conceptually,it is likely that there are
car ownership rates and public transport
study area. The problems which must now

These problems are :

13

~ 1is investigated in detail

spatial variations of both
accessibility,within the Jomet

bo solved are purely analytical.

- To calculate car ownership rates for spatially separated units and

to express those rates in terms of x and p values.

- To enumerate thepublic transport accessibility of theabove units

in terms of a satisfactory measure of accessibility.

- To decide whether there is a relationship between o( or @ values

and public transport accessibility based

exercises described above.

on results obtained by the
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CHAPTER THREE : THEORETICAL BASIS

The concept of accessibility,its measurement,and it' tiffe- * on -

ownership are nov examined.

3.1 Accessibility

The concept of accessibility is of fundamental importance to ' . re rt.
It is therefore necessary to examine this concept in detail,i on

with the means by which it can be measured.

3.1.1 The concept of accessibility

tiuman activities take place,distributen unevenly in time and space.
Individuals are generally separated from these activities & . .
specially or both. Human activi / can be represented by a spec -t e

model,in which every action and event which compose an individual’

existence,are recognized to have spatial and temporal attribute: a £ 1)),
as shown in figure 3.1. This method of representation reveals the
manner in which the au itias of an individual ere limited by ccr 1-

nations of a variety of constraints.

Time

1,2 and 3 aro points in cp. ¢

Spoce
FIG. 3.1. Spaco-timo representation ot human activity

Source : reference 1
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The constraints include

- capability constraints - sleeping,eating,
system capabilities,etc.

-coupling constraints - places and times where
an individual must Jjoin others eg. work,entertainment,etc.

- authority constraints - general rules, laws,

economic barriers,etc.

Without any constraints,the individual can occupy any point on the

space time plane. However,suppose the individual is constrained to
being at point r, at time t”,and to being at point r0 at time t9»

If the maximum speed is v km/h,these constraints can be plotted on

the space-time olane as shown in figure 3.2. The individual may then
occupy any position within the unshaded portion of the figure, by
plotting all such constraints, space-time prisms may be defined,inside
which an individual can occupy any point,and outside iich it is imposs-

ible for him to occupy any point.

FIG. 3.2. Space-time diagram showing constraints

Sourco : reference 1

In order for an individual to participate in an activity,it is necess-
ary for the space-time prisms of the individual and the activity to
have common area on the space-time plane. Even 1if this situation

is satisfied,it 1is not sufficient for an individual to participate

in that activity. He must also have the ability and authority to
participate. Thus,tho individual 1is constrained within his space-

time prism by factors such as physical ability, laws,etc.



Disregarding the time and location of activities,it can bo assumed that
accessibility is related to the size of the prism. This in turn dep-
ends on the slopes of lines bordering the prism,and on the locations
of the vortices in space and time. Thus it can be deduced that access-
ibility has two facets

- the slopes of the prism borders are determined
by the velocity with which the individual can move. This is a measure
of the performance of the transport and land use systems. If the oxtent
to which the individual is able to use the system istaken into account,
the result is a measure of the mobility of theindividual.

- the location of the activity in time and
space. Not only must the individual be at theplace of activity, he

must be there at the correct times.

3.1.2 Towards a definition of accessibility

In general,accessibility refers to the ease with which an individual
may reach a location to participate in an activity. This definition

is,however, rather simplistic and should be more specifically defined.

Mobility is often confused with accessibility. Mobility refers to
the ease with which an individual can move to his activities. Access-
ibility refers to the ease with which an area or activity can be reached

by an individual (ref 6).

Detailed definitions of accessibility vary widely,and the final def-
inition may depend on the aims and objectives of the study for which

a definition is required. Jonos (rof 2) outlines a number of definitions.
It can be seen that each definition has a different emphasis eg. spatial
separation,economic separation,etc. Those definitions are repeated

here.

a. Accessibility is a measure of spatial soporation between an indiv-

idual and the location of the activity in which ho wishes to take part.

b. Accessibility is a measure of the travel cost of observed or expected
trips undertaken by individuals in travelling to the location of the

activities in which they wish to take part.
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c. Accessibility is a nnasuro of the opportunities which an individual

has to take part in an activity.

d. Accessibility of an area is the average accessibility of an individual,
weighted according to the importance of the individual to activities

in that area.

e. Accessibility is a measure of the not benefit which an individual
achieves by using a transport system. This definition is perhaps the
most comprehensive,as it takes into consideration,not only the trip
and personal characteristics ,but also the importance of the aims and

preferences of the individual.

3.1.3 Types of measures

A number of types of measures of accessibility have been used,and these

will now briefly be examined.

a. Network measures (ref 2 and 4). These measures are concerned simply
with the transport network,usually described in terms of links and nodes,
eg in a computer model. The accessibility at a node can then be meas-
ured in various ways,including the following

- the distance from any node to the node furthest from it

- the number of nodes which can bo reached from a given node
within a given time

- the total travel cost from a given node to all other nodes
in the network.
This last measure is known as the Shimbol measure and was modified
by Ingram (ref 5),who regards the accessibility of a node as a function
of the cost of travel between a given node and all other nodes. In
addition the accessibility of zones was defined by Ingram in terms
of the travel cost between =zones

Ai = ? f(ciJ)

where A" 1is the accessibility uf zone i, c” 1is the cost of travel

between zones 1 and j,and f is a function of deterrence of travel cost.



Because the total travel cost from one node to all other nodes decreases
with increasing accessibility,the Shimbol measure is one of inaccessib-
ility rather than of accessibility. Ingram's measure appears to
emphasize the performance of the transport system rather than the
spatial or temporal separation. As such,it is closer to being a measure

of mobility than of accessibility.

b. Measures of travel (r*f 2). This typo of measure uses the average
cost of trips leaving a zona as a measure of the inaccessibility of
that zone. This type of measure is simply a travel weighted average

of costs from a given zone to all other =zones. As such,it is an ext-
ension of the Shimbel measure. A problem with this type of measure

is that one cannot be sure whether a high inaccessibility is caused

by high travel costs or by a 1low proportion of travel between relevant

zones.

c. Disaggregate combined transport and land use measures (ref 2).

The first type of measure in this category is the contour measure, in
which the accessibility of a zone is measured as the number of rele-
vant opportunities situated within given travel cost or time contours.
A second type of accessibility measure is the number of opportunities
which occur within an individual's spaco-timo prism. Prisms are

determined using principles explained in section 3.1.1.

d. Aggregate combined transport and land use measures (ref 2). The
most important aggregate measure of accessibility of this type is
known as the Hansen index. The most general form of the Heneen accessib-

ility index may be stated mathematically as follows

Ai =2 Bj f(cij)
where 07 1is the number of opportunities in zone 7,

A

c is the cost of travel between zones 1 and 7,

and f is a function of deterrence of travel coat.

There are two common variations of the Hanson measure,which may be

stated as follows
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the normalized Hansen index

where all terms are as defined above.

- the population weighted Hanson index

where is the population of zone 1i.

It can be shown (ref 2) that the Hansen index is a measure of the

consumer surplus .

The revealed value measure of accessibility uses the principle that
people seek to maximize the not benefit or consumer surplus obtained

by using the transport and land use system.

Accessibility may also be measured with the use of rentand salary
differentials between two areas,or the difference in amounts of monay
that people are willing to pay for houses in the two areas. This

measure gives the relative accessibilities of two areas.
Another measure belonging in this category is the indexas used in the
London Transportation study (ref 5). This measure 1is intended for

public transport and may be stated mathematically as follows

AT

where AI is the accessibility index of zone j,

A” is tho residential area of =zone j.

3.1.4 Relative merits of measures.

Tho choice of type of measurement of accessibility will be mainly

decided upon by tho data available. However,a short discussion on
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tho merits of tho typos of moasuros is useful.

a. Network moasuros. Tho advantage of network measures 1is their
simplicity. However, thoy do not tako account of tho individual or
tho opportunities for activities. These moasuros aro theroforo only

suitable for superficial requirements,and are,in fact,moasuros of

mobility.

b. Travel moasuros. Tho main advantage of this typo of accessibility
measure 1is that the data required for their calculation aro often
roadily available. Thore 1is a problem in the fundamental assumption
of the measure. In using a travel measure,one assumes that tho exis-
ting levels of travel aro tho dosirod levels of travel,which may not

bo tho case (ref 2).

c. Disaggregate combined measures. These measures take into consider-
ation all aspects of tho individual's mobility,as well as the charac-
teristics of tho land use and transport system. Time-space geography
measures,in particular,also account for the restraints on the individual.

Data requirements are,however,excessive,and calculation is complex.

Contour measurements separate the land use and transport elements
of accessibility,and do not attempt to evaluate tho combined effect.

While this .leads to a simple index without hidden assumptions, large

numpbers of results can be obtained. Data for contours are usually
easily obtainable (ref 2).
d. Aggregate combined measures. Revealed value measures are limited

to effacts which are likely to change property values measurably.

Tho consumer surplus approach con only show a change in accessibilities
under two sets of conditions (for example, 'before' and 'after' con-
itions) . This method of measuring accessibility gives little indic-

ation of tho benefits or costs for those who do not use the system.

All other aggregate measures hove a serious flaw,in that tho individual
effects of tho land use system and tho transport system are disguised;
only the combined effect in known. The London type index is most

suited to a city where there is radial and circumferential demand,



sinco it measures the accessibility of the zone of origin. In cities
such as Johannesburg,where there is a poor service and low demand in a

largo number of zones,the index loses meaning.

3.2 Car Ownership and Public Transport Arcossibility

The relationship between car ownership and public transport accessib-
ility has been the subject of much investigation and discussion. It
seems logical that car ownership rates aro inversely proportional to
public transport accessibility because a good transport service should
reduce tho incentive to buy a car. Conversely,though,areas of high
car ownership rates reduce the patronage of services,thus discouraging

high public transport accessibility.

The problem which presonts itself may bo expressed in three questions

-Is the intuitive assumption that a relationship between car ownership
and public transport accessibility exists borne out by fact?

-How sensitive 1is this relationship?

-Which of the two parameters is more dependent on the other?

This section studies results of investigations into the relationship

carried out in tho United States of America and in the United Kingdom.

3.2.1 United States of America

In a study of Grogon and Washington metropolitan areas,Shindler and
Forrorri (ref 7) calculated accessibilities of zones based on time
for travel by transit and highway. An accessibility ratio for each
zone was calculated,denoting tho ratio of transit accessibility to
highway accessibility. Using a regression analysis for each zone, it
was found that bettor than 40" of tho variation in number of cars per
household could bo explained by the accessibility ratio. Furthermore,
tho degree of correlation increased from 6b% to 7C$ if the natural

logarithm of tho accessibility ratio is employed.

The final car ownership modal in tho study was a regression model
including the number ofpersono per dwelling unit,tho household income,
and the logarithm of tho accessibility ratio. Tho accessibility ratio

played a dominant rolo in this regression model,and if this ovidenct



since it measures the accessibility of the zone of origin. In cities
such as Johannesburg,where there 1is a poor service and low demand in a

large number of zones,the index loses meaning.

3.2 Car Ownership and Public Transport Accessibility

The relationship between car ownership and public transport accessib-
ility has boon the subject of much investigation and discussion. It
seems logical that car ownership rates are inversely proportional to
public transport accessibility because a good transport service should
reduce the incentive to buy a car. Conversely,though,areas of high
car ownership rates reduce the patronage of services,thus discouraging

high public transport accessibility.

The problem which presents itself may be expressed in three questions

-Is the intuitive assumption that a relationship between car ownership
and public transport accessibility exists borne out by fact?

-How sensitive 1is this relationship?

-Which of the two parameters is more dependenton the other?

This section studios results of investigations into the relationship

carried out in the United States of America and in the United Kingdom.

3.2.1 United States of America

In a study of Oregon and Washington metropolitan areas,Shindler and
Ferrorri (ref 7) calculated accessibilities of zones basod on time
for travel by transit and highway. An accessibility ratio for each
zone was calculated,denoting the ratio of transit accessibility to
highway accessibility. Using a regression analysis for each =zone,it
was found that bettor than 40% of the variation in number of cars per
household could bo explained by the accessibility ratio. Furthermore,
the degree of correlation increased from 60% to 70% if the natural

logarithm of the accessibility ratio 1is employed.

The final car ownership model in the study wasa regression model
including the number ofpersons per dwelling unit,the household income,
and the logarithm of the accessibility ratio. The accessibility ratio

played a dominant role in this regression model,and if this evidence
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is extrapolated,Ferrerri and Siundlor hypothesised that

-—after a sufficient period of time has elapsed,an improved transit
service will result in lower car ownership rates in that area.

-if a good,high speed transit service is provided at the outset of
development of a new area,car ownership rates will bo lower than if

the transit service was not provided.

The work of Ferrerri and Shindler was criticized because average
household characteristics for each traffic zone were used ae indepen-
dent variables. Family size and income are related,not only to each
other,but also to tr asit accessibility. It is,therefore,difficult
to determine the precise effect of transit accessibility on car

ownership ratns while keeping the other factors constant.

Dunphy (ruf 3) describes a stuey undertaken in Washington D.C.,in

which data were disaggregat d by household size and income. Thus

car ownership could be related by linear regression to transit access-
ibility, for households of the same size and income. Households were
divided into 1C income groups and 4 size groups. For each category,

the car ownership relationship with transit accessibility was estimated
using linear least squares techniques. The transit accessibility measure
was estimated by the percentage of Jjobs reached from an area in 45
minutes by transit. The results of this analysis are shown graphically

in figure 3.3.

The only categories which did not show a significant relationship at
the 99% level of confidence are

- one person households with incomes of $4000 to $ 6000

- one person households with incomes of $20000 to $25000

- four or more person households with incomes greater than $25000.

In addition,the regression linos of the relationships for the above
categories do not follow the pattern sot by the other lines. This
suggests that the data for these categories are either insufficient
or faulty. In general, though,Dunphy shows that there is a significant
relationship between car ownership and public transport accessibility.
Furthermore, ,ho shows that the effect of transit accessibility on car
ownership is apnx'oximatoly the same at ail income levels for a given

household size. In addition,the slopes of the regression lines are
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all approximately the samo,suggesting that the car ownership levels
chango at a constant rate with respect to transit accessibility for

all categories of household.

It should be noted that this approach did not tako into account any
purpose other than work trips. Thus,the effect of transit accessibility
on the need for a second car is not takan fully into consideration.
Also,unlike the Forrerri and Shindler stu”y,no account was taken of

highway accessibility.

On the basis of model predictions,Dunphy suggests that in a newly
developed area with a special transit proposal,the car ownership rates
can be expected to bo about 25% lower than similar towns with an average
transit service. This suggestion is in agreement with the hypotheses

of Ferrarri and Shindler.

3.2.2 United Kingdom

A number of studies in the U.K. have investigated the relationship
between car ownership and public transport accessibility,and all have

found evidence of correlation between the two parameters.

Fairhurst (ref 5) describes the method used to model car ownership
in London. The public transport Jjccossihility measure was evaluated

os follows s

Public transport accessibility index

where A . is the residential area of zone j and N”~. is the midday
frequency of the i service to zone j.

The value of the im ix was plotted against the probability of a house-
hold owning 0 cars,as shown in figure 3.4. The final form of the

car ownership model was a linear multiple regression typo,including
household size,income,and bus and train accessibility indices. The
accessibility indices wore found to have a statistically significant
effect on the car ownership rates. In fact, Foirhurst estimates that
the accessibility indices wore about twice as important as household
size in determining car ownership. However,as with the work of Forrerri

and Shindler, there is a high level of correlation between the indopon-
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dent variables,sothst the precise effect of varying one without the

others cannot be meaningfully estimated.

Fowkos et al (ref 9) examined the effect on car ownershio of throe
types of measurement of public transport accessibility:

- the household residential density

- an estimate of the journey to work time by public transport

- the mean reduction in generalized cost to households, from having
more than 11,6 cars available per driving license to being totally

dependent on public transport.

The results were categorized into classes by increasing accessibility,
the first measure having 4 categories,the second having 7 categories

and the third having 4. The results of this study are shown in table
3.1. It can be seen that density,d, 1is negatively related to car
ownership for all but the lowest income groups. In addition, the car
ownership can be seen to bo more sensitive to changes in density than

to the generalized cost measure. A positive relationship exists between
car ownership and journey to work time,although for short times (cat-
egories 1,2 and 3) there is little variation in car ownership. The data
also suggest that the car ownership for very short journey times

increases slightly.

Bates et al (ref 10) found that public transport accessibility was a
major factor in determining car ownership levels for the Regional
Highway Traffic Model (RHTM). In this study,based on data collected
in a Family Expenditure Survey,data wore categorized into 6 accessib-
ility bands,band 6 being the most accessible. Car ownership was then
predicted as a function of income, for each accessibility band. A form
of Hanson accessibility index was used to calculate accessibility.
Figure 3.5 shows the proportion of car owning households and the actual
proportions against income for each accessibility,and figure 3.6 shows
the actual and predicted proportions of multi-car owning households.

In both diagrams,the existence of an inverse relationship between

car ownership and public transport accessibility is evident.

Further evidence from other studios is documented in TRRL 464 (ref 11),

but will not bo investigated further in this report.



B
U co
@)
N
m
u
uigwvVva
“ntgiBUuaav
m jo un-[UA
u

r)

aOm am

a A\ n =

m

r-<

T3

ur kn o ta
-1 R

o * o

i N riVv

50 o
L9

Q
<
<0

m wlv O

m m m r\

r~ O
r~ 0



gaceg

Xopogho

oms *

O(.A)'_‘

o

10
Tw u
#4 o]
o v
s 1
ul o
Ui u.
Q 4
BU n
S 0
> ri1 N
v, Gt
- UL und
0
X (o]
r-1
5
Ul
'c
0 rt o
| s A
i u
rt o
1v o
O 1 o
rt Pi
i U
I
)
uxgqwTJVA
4NTX'RELIULI30v
jo un-[VA
oTqwT-VA!

4~ H*R1£,C033v!

[}

oG
6 3

e

-
w

=Oe,\

=gl

-T2 8

< =

=B

cn

SRS

Cc 0SS

o0 u

°
3
8
3

Q
3

e 7
=l =

o
<

Cl

o
v o owl

X ¢ m
=
o r~ P"

pi if il, m

aicr cn an

m fNm v

29

Oart% WNaiNr-tiN

W, BtV Rx

oN%Y

@ s+ N ©
mmo H

m

o

N N
iN

A\
Xl | ™

(=}

Ft N

wl O C

<i
rs fN £N

15,8

m Udl NT o

r,%mo %

co r' co

r-1 IN IN LO
PN p P' vO

p' IN m wn
N m m m

¢' ¢en cn cn

m fNm V

i

1 1t 1 1m
o
(o]
1 1 R ,
N o d
O ONN
1 1 o o co Vv
(v N ¢
coc fim C
1 e . T
m fN *7 co o 0
N VN
v Nv v Cim
xm r v =o
vV m m tN i
C3 co ri ¢ f4
o o Cl fN CO CO
(0] I-n ¢ vr fN Pi
1-1 co o 0 rn
vD CO P~ (N Im
co £ p' r—- c m
o 0 v
m Q wmw i i I
> O @
IN m v un o IN



rri

Cl

CL

30



f IG.

3.

S.

°/

20 40 0

Proportion of car

Source : reference

owning houanholda for RHTP1

ACCESSIBILITY BANDS
Model oUeerved

200



FIG.

ACCESSIBILITY BANDS

L) * : i I i i ' 2 i i i 1 i
to 1J0 1*0

Income »n f « per week

3.6. Proport on of multi-car owning households for RHTM

Source ; reference 10




32

3.2.3 Tho Jomot area

Having examined evidence produced by Britiah and American studies, it
is now appropriate to examine local data for similar interaction
between car ownership and public transport accessibility. Although
no formal reports have been written on this subject,studies have been
conducted jointly by tho Comet study team and the University of the

liJitwatersrand,using data from the Comet study.

The Comet study area is divided into 56 districts. Accessibility to
place of employment by public transport was calculated using a Hanson
type index (ref 12). Accessibility indices for the districts were

then divided into 3 accessibility bands - high,medium and low. The
proportion of households in each accessibility band owning 0 cars

was calculated for each of 12 income groups. The corresponding propor-
tions of households owning 2 or more cars wore also calculated. The

results of this exercise are shown in table 3.2.

The decrease of the proportion of households owning no cars io well
illustrated,as is the increase in the oroportion of households owning
mo o than one car,with decreasing public transport accessibility,

ror the purposes of this study, a further exorcise was undertaken
using ,as a measure of public transport accessibility,the distance
from home to nearest public transport terminal and the corresponding
distance from “ormincl to place of employment. FEach distance is div-
ided into 0 categories,category 1 being tho shortest distance, and
category B tho longest. Tho proportion of households owning no cars
and that of households owning more than one car were calculated for
each accessibility category,and tho results plotted as histograms

as shown in figure 3.7. Both histograms show results which would agree

with results of overseas studios.

Finally,a study was undertaken at University of tho Uitwatorsrand(ref 13)
in which tho influence of various factors on cor ownership was examined
using Yates' Algorithm. The study proved to bo inconclusive, however,

duo to tho coaroo lovol of aggregation of tho data available,and tho
recommendation was mode that the same study bo carried out on the

more disaggrogato zonal level.



33

Table 3 £ Car Ownership, Income and Public Transport

DSw N

~ o O

10.

11.

12.

Accessibility for Whites in Jomet Study /Tea

PROPORTION OF HOUSEHOLDS PROPORTION OF HOUSE-

OWNING O CARS HOLDS OWNING 2+ CARS
ANNUAL ACCESSIBILITY ACCESSIBILITY
INCOME H §) L H M L
g »w 0,54 0,14 1,0%* 0,05 0,0 0*
(2400 - 3600) 0,58 0,21 0,0%* 0,02 0,125 0,50
(3600 - 4800) 0,47 0,27 0,25 0,08 0,19 0,17
(4800 = 6000) 0,12 0,024 0,059 0,12 0,38 0,29
(6000 = 7200) 0,16 0,12 0,0 0,21 0,44 0,53
(7200 - 8400) 0,08 0,047 0,05 0,25 0,42 0,57
(8400 - 9500) 0,07 0,0 0,08 0,37 0,59 0,58
(9600 -10800) 0,03 0,0 0,0 0,45 0,68 0,76
(10800 -12000) 0,02 0,012 0,04 0,57 0,81 0,58
(12000 —13%;30) 0,03 0,0 0,0 0,70 0,80 0,87
(13200 -14400) 0,0 0,0 0,0 0,61 0,88 0,90
(14400 + ) 0,0 0,0 0,0 0,80 0,92 0,94
M Insufficient Data
High
Medium

Low



Catogory 1 in ahortagt distance (7250 m)

Category 0 is longest diatance (> 2km)

05

distances of households from

public transport terminals

7, Car ownership ind distances of households from

public transport terminals.



3.2,4 The form of tho rolatiortuhip

It has boon shown that there is rtrong evidence of no 1i'vu aolation-
ship between car ownership and public tronsoort ic . ,. , Lily,
over,one 1is faced with a 'chicken or eg : ' typ" of | :r

to decide which of tho two factors influence thu oti

Instinctively,one feels that a high level of .a:' tr t
wU1l not be provided to areas of high car ownersh . ;i
car ownership determines the level of public transport ik

Also,one can postulate,as did Ferrerri and" Shindler,t
of low car ownership and high publ'c transport accessibi' .ty -
level of public transport service reduced,the car owns:

the area would increase.

Thus the relationship is a two-way one,tho relative. tog -t
directions of influence being impossible to calculi t , Do- oy

Jones and Tanner (ref 11).

3.3 Conuiusiur

The concept of accessibility must be clearly undorr :;;w ! £/

a means of enumerating it. The definition of accessibili;y

play a crucial role in determining the type of relationship wit A -
lie transport accessibility,and in fact ,whether there ;i

ship at all.

The evidence of the wvarious studios undertaken support vr B tio
that there is a "" lationship between public tranr.p !
and car ownership. However, there is 1 tile ! -f .

of influence of this relationship or of the + « il . B t-f tl

factors with respect to each other.
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CHAPTER FOUR : METHOD OF APPROACH

Bocauso the concept of accessibility measurement forms an integral
part of this study,literature on the concept and measurement of acc-
essibility has been reviewed* In addition.,in order to form a found-
ation for the oelief that public transport accessibility may affect
car ownership levels,local and overseas literature on the subject
has been reviewed. The literature surveyed concerns car ownership

rates in general,rather than the behaviour of in the model.

From available data,the various variables involved in the stuuy were
created. This creation of variables takes place on three levels of
aggregation

- Domet district level (56 districts)

- Jomet zonal level (379 zones)

- Household level (2056 households)

Values of << and were created for each district, zone and for each
household. For Jomot districts,values of public transport access-—
ibility and population density were found. The values of accessibility
for this level pertain only to morning peak. For Jomot =zones,public
transport accessibility was measured for the peak period and for off-
peak period. In addition, a measure of peak period and off-peak period
mobility was also calculated. Residential and employment population

densities were found for ear?™ zone.

Factors such as household income,household size,stage in the family

life cycle,etc.,were found directly from the homo interview results.

Having created all the required variables,the effects of each wvariable
on and (was evaluated using analysis of variance tests for all
three levels of aggregation. (h the district and zonal levels of
aggregation, regression tests wore also carried out. Computer programs

of the SPSS and SAS statistical packages were used for these tests.
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4.1 Data Sots and Sources

Becauso of the diversity of the nature of the wvariables involved in
this study, there are a number of sources from which data wore obtained.
The data wore required to
- provide a means of estimating the wvalue
of variables accurately,
- provide a range in the values of a variable
to enable a satisfactory analysis of var-

iance to be undertaken

As a result of the Group Areas Act, the Non-White population groups
are restricted to areas designated for their residence. This fact
causes the variation in public transport accessibility for these groups
to be very limited. for this reason,this study has been conducted

for the W'ite population group only.

4.1.1 Data from home interview survey

The basis of this study is the same home interview survey as used

in the Jomet study. The data has three elements

- household information .containing a report of the characteristics
of each household

- person information,containing details of each person in each house-
hold

- trip information,containing a report of each trip made by each member

of each household.

The original data files were supplied to the University of the Wit-
watersrand by the Domet i.eam,and contained a number of inconsistencies.
In the course of his research,Oosthuizon removed those errors (ref 1),

and added his own findings to the original data.

4.1.2 Data from other sources

The data from the home interview survey did not include a satisfactory

measure of public transport accessibility. Thus, further data had to
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bo obtained from tho Jomot study.

Land use data such as employment,population,or population densities
were found in the output of the Jomot trip end model computer program.
Information on generalized cost of travel between zones and districts
was obtained from tha output of tho SKIM program (of tho TRAMP suite)

used to calculate coat matrices in the Jomot model,

4.1.3 Problems encountered with data sets

The home interview survey used in the Jomet study is actually a combi-
nation of two surveys used in other studios,being the Greater Johannes-
burg Area Transportation Study (GJATS, the predecessor of Jomet) and
the Pretoria-Uituatursrand-Verooniging transportation study (PUV).
Approximately half the households interviewed were obtained from tho
GJATS interview and the rest from the PWV interviews. The zone numbers
of the households were coded according to the relevant numbering system.
This means that half of tho data uas codec to the GJATS system and the
other half according to the PUV system. Consequently,in certain areas
there is doubt as to the exact location of households. The fact that
the study uas undertaken on three levels of aggregation may compensate

for this slight doubt.

Tt should be noteo that tho generalized costs for Whites used in the
Jomet study are actually one sixth of their actual value,a condition
which facilitated the running of tho Jomet model. Since this study
needs only the value of a variable for a zone relative to that of
other =zones,the application of general factor will not affect the
findings. In fact,all variables were normalized,on tho zonal and
district levels of aggregation,so that tho maximum value of any

variable was 100.

A further problem is that tho generalized costs used in tho study
pertain to Non-Blacks as opposed to Whiles, but because of the vast
majority of Whites over Coloureds and Asians in tho Jomet aroc “he

influence of this factor is likely to bo negligible.

The reader who wishes further information on tho sources is referred 1

to references 1 to 5.
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4.2 Crwation of Unriablon

In this section,tho methods of enumerating all variables used ,aro

explained.

4.2.1 Creation of ““and (3

In order to estimateV and p for different geographical areas,it is
necessary to find the proportion of households in the designated areas
owning 0,1 and 2 or more cars. This proportion has to be found for
each household income group,of which there are 12. From the data

sets (as discussed in the previous section) the households interviewed
in each car ownership and income category wore counted for each PUV
zone and each GOATS zone,resulting in a 3x12 matrix for each =zone;

the matrix has 3C elements N _.

Cars

vi1 N1,1 2,1
*0,2 N1,2 9.2

12 NO,12 N1,12 N2,12

From these matrices, the values of P(0/x) and P (+/x) can be estimated

for each PUV and GOATS zone 1 each income group

P (0/x)

whore

P(2+/x)=ya”Li

r i,j

Using Oomet research manual 27, (rnf T\the Oomot =zones corresponding
to the given PUV or GOATS zones wore found. PUV zones are larger than
Oomet =zones,and all Oomot zones within a given PUV zone were assigned
the same values for the probabilities as those for the PUV zone. Many
of the GOATS zones coincide exactly with the Oomet zones,and in this

case the Oomet =zone takes the same values for the probabilities as
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the GOATS =zone. However,there are a number of cases in which the
Oomet zones include several GOATS zones. In these instances,the mat-
rices,N. for each GOATS zone within the Oomet zone were accumulated

i.j
and the wvalues of the probabilities calculated from the accumulated

matrices.

A summary up to this stage shows that we have matrices of conditional
probabilities of households owning 0 or Lr cars given that the house-
hold income is x. Those matrices are on the following levels of agg-
regation

- Oomet zones

- Oomet districts

GOATS zones
- PUIV zones
Values of <« ana p for each district or zone can now be estimated using

tha Oomet car ownership model's expressions for conditional probability

P(o/x) = 0,97e'"x (4.1)
A C “xx
P(2+/x)= 0,9~ (4.2)
It is not satisfactory to simp'y transfer the x or p to the subject
of the expressions and solve,because a value for <« and p would then
be found for each income group in any zone or district. It would then
become a problem to decide which of the values is the most satisfactory

for the whole zone or district.

To estimate values of ¥ and p for the entire Jomet area in the Jomet
study,the technique of 'maximum likelihood*was used (ruf 6). It was
decided to use this method for each zone and district. A short explan-

ation of the technique follows

Suppose a value of p gives an estimate of conditional probability
using the expression 4.1,of P(0/X) for each income group. This estimate
will bo called £f) (o/x). The difference between the predicted and actual
values of this conditional probability is

P(0/x)-H(0/x) .

If this difference 1is squarou ,the error square for a given income



gruup results. The accumulated total of error squares for all income
groups 1is the ' error sum of squaresl,and the technique of maximum
likelihood seeks to choose a value of which minimizes the error

sum of squares,shown graphically in figure 4,1,.

Error sum of squares =5SQ = (P (0/x)-P (CL/x)) ?

SSQ

valut-

= optimum va Iue

(Wwhich minimizes SSQ )

FIG. 4.1 host likely value of p

In a similar manner the optimum value of < may be found,using the

expression 4.2 for each zone or district.

A computar program was written in BASIC to find the optimum value

of < and ~ for Jomot districts and zones,G3ATS 'ones and PdAN zones.

Tne program uses a 'hill climbingl process to find the minimum error
sum of squares,and thus the most likely values of X and , The program

is listed in Appendix 1. Values of 'V and (J greater than 1 were taken to bo

Since the location of households is coded in PUV or GOATS zone numbers,
each household was assigned the value of and ~ corresponding to the

PWV or GOATS zone in which it was located.
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4.2.2 Accessibility

In chapter three,the various methods of enumeration of accessibility
were discussed. In fact,the vast majority of these measures cou*d
not be used in this study because of lack of data. A few elementary
measures uero within the limits of data available,and those are now

discussed.

On the Jomet district and zonal levels,a number of measures were

available. The first of those is - 'BPbnsen measure,which was used
in the evaluation of Jomet strata “nd is explained by L.Ferreira
(ref 7);
(AI) = ? (4.3)
> 3
where (AI), is the public transport accessibility

index for origin =zone i,
Ej 1is the employment at zone 7,

A

c .® 1is the generalized cost of travel by public
transport from zona 1 to zone j during the peak
period,

f is a function of the generalized cost,assumed

in this study to be »

n is the number of districts or =zones.

The indices were normalized so that the highest index was 100.

The above measure involves employment and peak period travel,so the
resulting indices pertain onlv to work trips. To attempt to measure

non-work accessibility the following expression was used

(AT)" = (4.4)
PJ
where (AI)” is the off-peak public transport
accessibility,
Pj is the population in zone 7,
c! . is the generalized cost of off peak travel by

public transport.



This measure could only bo used on the Jomet zonal level,because the

Jomet district study was undertaken for work trips only.

It can be argued that car ownership is more dependent on the mobility
of an individual than on the accessibility of a zone, A measure of

mobility was devised as follows

(MI), (4.5)
i, (cbd)
where (MI)” is tho mobility index for
zone 1,
and c* { tho generalized cost of trevel
by public transport from zone i to the C.B.D.
These measures ware calculated for both peak and off-peak periods,and

were normalized so that tho maximum index was 100,

Accessibility measures of individual households were based purely on
the distance of the household from the nearest bus stop or station,and
on the distance from place of employment of the head of the household
to the nearest bus stop or station. This information was obtained
directly from the questionnaires. Distances wore given in 0 categories,
and the household accessibility was taken as tho sum of all distance

categories,

HHAT = dhb + dhs + dwb + dws

where HHATI is the household accessibility indax,
dhb is tho category number of distance from
home to nearest bus stop,
dhs is the category number of distance from
homo to nearost station,
dwb is tho category number of distance of
head's place of work from nearest bus stop,
dws 1s the category number of distance of
head's place of work from nearest station.

Tho values of thoso indices ranged from 4 to 32, low values indicating good

accessibility, high wvalues indicating poor accessibility.
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4.2. Othur wvnriablus.

On tha household levol of ,ggregation,H number of variables were tested.
These included income, household size,stage in the family life cycle,all

of which were obtainable directly from the data set

On the district and zorral levels of aggregation,average household
in—: eme, residential population dsnoi' y and employment density were
obtained from data supplied by the Jomet study team. Values of all

variable; wore normalized so that the maximum value was 100.

ol ‘'rao di stxy: ot 'ita aro 1.: ft In Appendix 3 and Appendix C. All other data
date iray he obtain d fro: the University of the Witwatevsrand,on

no“putt r t ipn fACCED,
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CHAPTER HIVE : FINDINGS

In this chapter,the re ultu of all exercise:”statistical tests and

calculations .re presented.

5.1 The Riil.itlon ihin rY1 -n C\ inl

Befora examining the effects of the wvarious factors on c<and p ,it
was decided to study the relationship botwian and p in detail.
This relationship could be useful in casus where either « or @ ca..not

be estimated through lack of data.

5.1.1 Jomel suggestion

In an attempt to find the relationship between and @ ,the Jomet

study team plotted the values of < and (J for the four population groups
(ref. 1). The results of this exercise are shown in figure 5.1. It
was suggested that the line through the non-Black's points forms the
graph of the relationship between o and p> . The unexpected result

obtained for Blacks could not bn explained.

It should bo pointed out,however, that each population group had car

parameters; the intercepts of the curves,and thr asymptotes thereof
are all different. In comparing the X and £ of the four models, the
ceteris paribus condition- wore broken,rend ring the results obtained

rather meaningless.

car ©6
—-Ow U= Whites
o.a A - Asians
% C- Coloureds
B- Blnci-s
o.1
0,0*
ci 0,1

THn Inmnt rumn- finn nf rel -iHnn-Mn «, ' J_’\I4P



Plots of < against p for Jomot districts and zones arc shown in figures

5.2 and 5.3 respectively, TL sc itturgrams do ro show ovidonco of
any form of relationship between and £ .

5.1.2 Tho relationship bet ion and 6 : a auggostion

A mathematical expression for the relationship between and ~ will

now bo derived.

Tho fundamental expressions for tho conditional probabilities of the

3omet model (White) ere as follows

P(0/x) = ae~Px (5.1)
-XX
P(2+/x)= be (5.2)
Statistically,it can be stated that

P(I+A) = 1 - P(0/x) (5.3)

Now, the probability that a c¢ ir owning household owns more than 1 car

is given by the expression

P(2+/1+/%*) = (o/x) (S'%)

Alternatively,quat on 5.4 ¢ n bn written as follows

P(2+/x) , P(2+/1+/x). (1-P(0/x)) (5.5)

This equation gives a relationship between P(2+/x) and P(o/x),and

it can be used to find n expression relating X and (S ,hy substituting
equations 5.1 and ,7 fnr the tnrms P (0/x) and P(2+/x).

The expressions thu obt innd srn shown in equations 5.6 and 5.7.

should bo noted that all terms are as previously defined.
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a (2+/1+/x)
B 7 4 ~>109 SR
P(2+/1+/x) -be'

These expressions were then used, for various values of x and P (2+/1+/x),
to draw diagrams showing the form of the relationship. These diagrams
are shown in figures 5.4 and 5.5. Represented in these diagrams are
the tx-(3-x-P(2+/1+/x)surfaces ,illustrated,in this case by the 3omet

White car ownership model,with a=0,97;b=r,9;c=-4,5.

Using the average income,x, and the average value for P (2+/1+/x) for
each population group,values wore calculated using 3omet p wvalues,

and vice versa. The results are shown in table 5.1.

As a further test of the above expressions,they wore used to calculate
< values for 3omot districts,knowing the values,and then to calculate
~ wvalues for the districts, knowing the o< values. Scattergrams of

the actual values against the predicted values were plotted and are

shown in figures 5.6 and 5.7.

\s can be seer, from the diagrams,most of the points do not lie close
to the line of unit slope,as would be expected. The diagrams indicate
that the expressions tend to underestimate values of <t and p . A
regression of pn dieted values on actual values yielded,in each case,

lines with non-zero intercepts and slopes not equal to unity.

The single most influential factor in the expressions 1is the income
X. In addition,income appears to bo the most sensitive issue in a
home interview survey,and if the true income of a household is not
revealed, the estimate for average income becomes unreliable. It is
felt by the author,that this is a major reason for the underestimates

of X and & values. Consequently,it becomes of prime importance either



Table 5.

Whites

Blacks

Coloureds

Asians

1

; Jomet and predicted wvalues of x and N

1 tean Income
('DOG per year)

P(2+/1+/x)

predicted

0,221

Jomet
«

P
predicted

0,354
0,091
0,175

10.220

Jomet



FIG. 5.6. Actual and predicted values of
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to establish accurate estimates of household income,or to adopt a mode]

in which income does not play as prominent a role.

5.1.3 Conclusions

The relationship botwoon o( and ©Gis complex,but a theoretical expression
may be derived linking the two parameters. The expressions derived in
this section underestimate the wvalues of the parameters,probably because

of unreliable income information.

In spite of the shortcomings of these expressions,they are more satis-

factory than the suggestion of the Jomot study team,because an attempt

is made to introduce local socio-economic conditions into the relation-
ship between the two parameters. Furthermore, the Domet suggestion

violates 'ceteris paribus' conditions and is therefore unacceptable.

5.2 Results

The results of statistical studies undertaken are presented in this

section.

5.2.1 District level of aggregation

Figure 5,8 shows a scattorgram c o< values against Hanson public
transport accessibility indices for the Comet districts. Figure 5.9
is the corresponding scattergr for (®. Figures 5.10 and 5.11 are
the scattorgrnms of X and (I .nnr-'n. district population density,resp-

ectively.

Accessibility indices wore then divided into 11 categories,category
11 being the most accessible nnd category 1 the least accessible.
Population densities wore classified in 7 categories,category 7 being
the most dense and category 1 being the least dense. An analysis

of variance was carried out on this data,and the results ore shown in
table 5.2. Results of a regression of o< and;' on other wvariables

are shown in table 5.3.
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to establish accurate estimates of household income,or to adopt a model

in which income does not play as prominent a role.

5.1.3 Conclusions

The relationship between * and £ is complex,but a theoretical expression
may be derived linking the two parameters. The expressions derived in
this section underestimate the wvalues of the parameters,probably because

of unreliable income information.

In spite of the shortcomings of these expressions,they are more satis-

factory than the suggestion of the Jomot study team,because an attempt

is made to introduce local socio-economic conditions into the relation-
ship between the two parameters. Furthermore,the Jomet suggestion

violates 'ceteris paribus' conditions and s therefore unacceptable.

5.2 Results

Thu results of statistical studies undertaken aro presented in this

section.

5.2.1 District level of aggregation

Figure 5,8 shows n scattorgram of o< values against Hansen public
transport accessibility indices for the 3omet districts. Figure 5.9
is the corresponding scattergram for '}. Figures 5,10 and 5.11 are
the scattergrams of X and © against district population density, resp-

ectively.

Accessibility indices wore then divided into 11 categories,category
11 being the most accessible and category 1 the least accessible.
Population densities wore classified in 7 categories,category 7 being
the most dense and category 1 being the least dense. An analysis

of wvariance was carried out on this data,and the results are shown in
table 5.2. Results of a regression of o< and A on other variables

are shown in table 5.3.
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Table 5.2 ; % variation explained by parameters

% wvariation % variation
explained explained
cx
Accessibility 38,1 39,8
Population Density 21,1 25,1
Accessibility and
Population Density 41,3 45,5
Table 5.3 : Repression correlation coefficients for district > and f¢
% variation % variation
explained in explained in
<
© p
1. 38,97 '3,20
e 2. 56,53 ul, 67
Accessibility 3. £3,77 29,64
4. 28,42 21,07
Population 1. 28,33 38,54
Density 2% 37,80 48,14
3. 48,11 43,57
4. 37,16 36,65
Population 1. 43,21 47,30
Density and 2. 45,60 62,11
Public 3. 51,12 51,84
Transport 4. 39,30 32,49

Accesf*)1llity

, Linear
Semi Log (er or * )

Full Log
Semi Log (accessibility or i

~

S W Ne
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5.2.2 Zonal level of aggregation

Factors whose influence on <. and p wore investigated for Jomet =zones
are i

- Peak period public transport accessibility

- Off-peak period public transport accessibility

- Peak period mobility by public transport

- Off-poik period mobility by public transport

- Residential population density

- Employment density

Scattorgrams of <t and ~ against the above factors are shown in figures

5.12 to 5.23.

Results of analysis of variance tests are shown in table 5.4,and res-
ults of regression of<X and {3 on tha various factors are shown in

table 5.5.

5.2.3. Household level of aggregation

Results of analysis of wvariance tests for car cjnership and various

factors are shown in table 5.6. Results of analysis of variance tests

for . and 3 against the same factors are shown in table 5.7.
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% variation nxclaincd by paramotors

Q

% variation explained

K et et e 3
Peak Period
Accessibility 10,7 10,9
Off Peak
Accessibility 12,0 10,8
Peak Paricd
kbbillty 7,1 6,3
Off Peak
kbbility 4,3 5,6
Population
Density 12,9 15,4
Employment
Density 2,6 7,6
Peak and Off
Peak Accessibility 16,6 20,7
Peak Accessibility
Population Density 18,2 26,0
Employment Density
Population Density 13,1 17,2
Off Peak Accessibility
Population Density 16,5 18,3

Peak Accessibility
Off Pnok Accessibility
Population Density 21,2 28,2
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Tebl'* 5,5 : Regression correlation coefficients for Zonal K and

Variable (s) 1 2 3 4 1 2 3 4

Peak Periol

Accessibility 12,0 16,4 22,1 15,8 16,4 10,2 24,6 17,8
Off Peak

Accessibility 11,7 12,1 11,9 13,2 11,8 12,2 12,5 11,9
Peak Period

Whbillty 10,5 19,4 36,8 25,5 6,0 17,2 34,9 22,1
Off Peak

Wbbility 10,3 19,2 35,6 24,8 5,9 16,9 34,5 22,0
Population

Density 13,0 20,6 38,4 21,3 16,2 25,4 42,2 28,1
Employment

Density 4,1 10,3 12,6 11,8 12,0 18,4 18,2 17,4

Peak end Off
Peak
Accessibilities 14,2 10,3 25,6 17,5 18,0 21,2 30,5 20,8

Population
Density and
Peak Period

Accessibility l6,6 22,5 46,4 24,6 20,3 28,8 51,2 33,9
Employment

Density and

Population

Density 14,0 25,4 25,5 26,3 21,2 27,0 33,1 29,2

Peak Accessibility
and Off Peak
Accessibility

and Population
Density 22,0 32,0 35,4 24,3 29,5 28,6 26,4 32,7

1. Linear

2. Soml Log («<or )

3. Full Log

A Soml Log (indopnndnnt wvariable)

~



Table

Table

5,6

5.

7

% variation in number of cars explained

INCOKE

STAGE IN "AMILY
CYCLE

HOUSEHOLD SIZE

PUBLIC TRANSPORT
ACCESSIBILITY

% variation in

IfCOME

STAGE IN FAMILY
LIFE CYCLE

HOUSEHOLD SIZE

PUBLIC TRANSPORT
ACCESSIBILITY

H / H3 AfO PUBLIC
TRANSPORT ACCESS.

H / HS AND STAGE
IN FAMILY CYC2 £

PUBLIC TRANSPORT
ACCESSIBILITY AND
STAGE IN CYCLE

% variation in
number of cars

explained
41,2
3,9
5,7
3,9
and 0 explained

% variation
explained in

% variation
explained in

P
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in the study are examined.

.1 Thu Rolo o' IncorilL

The role of income in determining and valuer was not tested

income, analytically.

From the expression for tho conditional probability of a househol

owning 0 cars, (1 can be found.

P(o/x) = 0,970""x
:om which
(6.2)
For a given value of P(0/'x),the expression becomes
| x (6.:v
.97
whore i a constant equal to log(Q’ﬁ /\

This means that the relationship between A and household income i

a hyperbolic function.

From Jomet's expression for the conditional probability of i house-

hold owning more than onn car,an expression for n bn found.
P(2+/x) = 0,9e (b.4)
Thus
1 —4
” og
. r~x
log(po,0 ) (6.1)



For a given value of P (2+/x),equation (6,5) t ikea a hyoerbolic form

as follows

m- - (6.6)
where
-4.5
where K log ) fPf{V><L
°9% 0,9
is high,the X and will bo low,and wvice vorsa. In actuality,one

expacts the %X and ® values to be directly proportional to tho income.
That 1is,one expects car ownership to be directly related to income.
This apparent paradox can be explained by the fact that the values
of P(o/x) and P(2+/x) are likely to change with a change in average
household income. Thus,equations (6,3) and (s.6) will givo rise to
a family of curves,one curve for each possible value of P (o/x) or
P(2+/x). Therefore, for each value of household income there is no
unique value of =< or ~ ,and those values can only be determined if

P(o/x) and P(2+/x) are known.

Results of ANOVA tests of income on <« and ( are shown in table 6.1.
It can be soon,then,that income has a dual influence on and (@3 :
one direct (through the ~ term),and one indirect,through one of the
condit i probabilities. A ntnt istical analysis of the influence

of ame on values of °< and (J should yield poor results-as is

41/S of the linear variation in number of cars available to a house-
hold, whereas the corresponding figuro for « and p is only 7,5" and

7,6'/ respectively.

6,2 Accoptohility nt Vilurn n: V ibi"', nfd ijnod

The main problem in determining veluo for "Kandp,is tho necessity

of knowing tho relevant conditional probabilities. Thus/* and g cannot
be found for individual households,because a simple of households

must bo taken. Consequently,the assignment of a /onels or (value to
households in that zone introduces an element of doubt into any res-

ults from that exercise. Furthermore, tho larger the sample, the more



Table 6.1 : Effect of Income on o« and r

Level of Correlation Correlation
Aggregation Variable with <X With 9
() (%)
Income 32 30

Income plus
Public Transport

b Accessibility 40 36
E: Income plus
5 Population
Density 41 38
Income 12 14
Income plus Peak
Public Transport
162 Accessibility 15 25
o
N

Income plus
Population
Density 14 18
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roprosontativo will be the conditional probabilities estimated by the
sample. Therefore, the and (@ values found using a large sample,will
be more acceptable than those found using a small sample. It follows,
then, that the < and "~ values for the Jomot districts are the most

acceptable in this study. As one ox iminos more disaggregate quantities

A further factor of doubt lies in the fact that the values of < and p
for the zones and districts are not evenly spread out over the whole
range of possible values. In all cases,there are very feu occurrences
of values between opproximatoly 0,5 and 0,99. This means that the
behaviour of the wvariables in the ’unmapped' area must be deduced.
While this may reasonably be possible,any conclusions reached will

be open to an element of doubt.

The Hansen accessibility indices and the mobility measure have, as

their basis,the principle of generalized ,.osts. Therefore, each measure
suffers from the same limitations as do the generalized costs them-
selves. If, for example,the wvalue of time in the generalized cost
expression is incorrect,then the value for accessibility and mobility

will also bo incorrect.

An insurmountable problem was found in the fact that,for certain of
the accessibility or motility measures,there is little or no spread
of wvalues. In some cases,thoro were merely two catogories-very high

and very low. Figures 5.7 and 5.0 are examples of this occurrence.

It has already boon mentioned that income determination in a home
interview survey 1s a sensitive issue. However, the author wishes to
emphasize that the importance of the role played by income in any
transportation study warrants 3 more reliable determination of house-
hold income. One po: aibln method wuuld bo to ondurt an expenditure
survey, rather than to imply roqun t the household income from

the interviewee. The household income may then be deduced fairly
accurately. A family coxpi nditure survey was conducted in Great Britain

in 197?,with considerable u |
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Among South African Whites,tho company car is common. Thus,a car
becomos available to a household,irrespective of the incoma of that
household. This factor could havo an important,and undetermined,effect

on the values of < and

6,3 I npliof tnmalts

The results of each level of aggregation will be discussed separately.

6.3.1 Household level

The most outstanding feature of the results obtained in the household
level of aggregation,is the poor correlation obtained between <X or 6
and all other variables tested. In fact,on studying the correlation

coefficients,the natural conclusion to be reached is that none of the

variables are related to or (S.

The poor results may,however, be attributed to a number ofroasons,
including poor survey data,ntc. The author’s suggestion follows.

In determining household values for<X and ~ ,it was necessary to assign
the values of °t and ( for a rone to ill households in that zone. Thus
a number of households,in the same zono,havo the same X and f wvalues,
but may have different v lues for all other variables. Therefore,
within a zone,the exorciao actually compares a ’‘constant’ (X or p)
with a variable. The value of tho 'constant’ changes from zone to
zone completely independently of any other variable. So tho large
errors generated within a zone are compounded by these unrelated
changes between zones. Unfortunately,this problem could not be over-
come, as there was no method to obtain bettor wvalues ofX and ~ for

households.

6.3.2 Zonal level

Once again,correlation roefficinnta obtained are low,in this case
probably duo mainly to unreliable values of and p caused by small
sample sizes in each zone. However,within tho limits of statistical

errors,some conclusions nay be reached in this exorcise.



76

The most surprising result at this level of aggregation,is the rela-
tively poor performance of the mobility measures. One uould expect

mobility to have a greater correlation to o( and ft than accessibility,
since the Hanson index introduces employment in a zone,a factor which

should not affect the household's decision to buy a car.

It has boon argued that 3 is more dependent on peak period accessibility
than on off peak accessibility,sinco p is concerned with the probability
of a household owning at least 1 car. If public transport accessibility
in an area 1is very poor,households in that area must have at least 1

car for the journey to work (usually during the peak period). The
purchase of the first car is more likely to be as a result of a need

in travel to work than that in social or even shopping trips. Simil-
arly it can be argued that off-peak public transport accessibility
affects the decision of a household to purchase the second car,more than
does the peak public transport accessibility. So < should be more
dependent on the off-peak accessibility. The results confirm those
assumptions, (See tables 5.3 and 5,4). The correlation coefficient
between * and peak public transport accessibility is almost double

that between p and the off-peak public transport accessibility. The
value of the correlation coefficient between X and off-peak public
transport accessibility is higher (albeit marginally) than that bet-

ween * and peak public transport accessibility.

In addition,the best corr lition coefficient formulas obtained by a
combination of peak and off-poak public transport accessibility and
residential population density. The highest correlation coefficient

for (J also occurred in this case,but had off-peak public transport

only marginally. Those foots support the assumptions discussed in the

previous paragr iph.

6.3.3 District level

One need only examine the scattorgrams obtained for tho districts to
note that there is good correlation between < or ~ and both public
transport accessibility and residential population density. The r suits

obt unod by both ANDVA and regression confirm this impression,as



correlation coefficients aro much higher then it household or zonal
levels of aggregation, furthermore, the rusulta (tables 5.1 and 5.2)
show that public transport accessibility is more dominant as a single
factor in explaining variation in values of X and (3,than is population
density. The increases 1in correlation coefficient gained by combining

the two factors are relatively small.

The better results at this level of aggregation may be attributed to
the better estimates of the conditional probabilities yielded by larger
samples. Also,at tho district level ,the interaction between access-
ibility and other wvariables (eg. household size,income) probably plays
an important part,but is masked by tho coarse level of aggregation.

Sn, for example,the fact that larger families may live in more access-

ible areas is not taken into account.

A point to be noted about the form of the relationship suggested by

the scattorgrams (figures 5,1 to 5,2) 1is the steep descent of the

curve at low values of public transport accessibility,followed by

a long,flat 'tail * at higher ccossibility wvalues. This suggests that
if the < and values can be controlled by changing the public transport
accessibility, there is little advantage to be gained by increasing

the accessibility beyond a certain value. The & and p values roach

a minimum.

6,4 Thn rnaninn of of and 3

In order to understand tho implications of and @ in the Comet model,
tho decision to purchase a car must bo understood. It seems logical
that a household will require a car when it becomes economically

advantageous to do so (’economically' 1in terms of financial,time

and convenience factors). That is,tho household will weigh up all
tho factors pertaining to travel by public transport. If an advantage
is envisaged in pur basing a vehicle,tho household will do so. Tho

advantage may bu in terms of time caved,money snvod,convenience or
a combination of those. This economic advantage may be expressed as

i fraction of tho household inromn using <% and factors.



Thus if ( for a zono or household is 0,25, then tho economic advantage
in purchasing a car is a quarter of the household income.

So,£> can bo regarded as the propensity to buy cur,uhilo may bo
tho propensity to buy any further cars. Unfortunately,no figures
can bo forwarded to support those claims,as tho data nocossary to
determine the advantage or disadvantage of purchasing a car are not
- 1113
only dependent on public transport utessibility,but r ither on a complex

interaction of household size,household incoae,stage n tho family

life cycle and public transport accessibility.

As such,the values ofc< and p change from zono to zone,as has been
shown in this report. The author feels that full advantage was not
taken of the flexibility of tho model in the Jomet study,because and
P were assumed to bo constant over the entire study area,for any one
population group. If the spatial changes in <X and 0 were taken into
account tho model becomes very realistic,and it should bo possible to

calibrate more finely,

6.5 A Further Suggestion on thr Meaning of and 6

Tho starting point of the suggestion is the basic conditional probability

expressions.

P(0/x) = ao”pv (G.7)

(1064
P(2+/x)= coc® (6.8)

If equation 6.7 1is differentiated with respect to incomo tho following

expression is obtained:

dP (o/vy) = -—pae""" P (0o/x) (6.9)

Similarly,if equation 6.8 is differentiated with respect to income

one obtains tho following expression



dP (2+4/x) = -*P(2+/x).log ( 1 (6.10)
dx

Expressions for © jnd (@ may bo founcJ from equations 6.9 and 6.10.

F = --pToTTT - 4 (6-u>

Examining the function of P (o/x) with respect to income,it can be seen
that a change in income ofAx will result in a change of 3P (0/x).
Therefor ,the percentage change in P (o/x) caused by the change in

income is . The elasticity of this function can be defined

as follow*:

E ° BIT (6>13)

In the limit as Ax approaches 0,equation 6.13 becomes:

£. <k M)

where f.is the point income elasticity of the

P(o/x)-x relationship.
Using equations 6.11 and 6.14,it can be shown that

P (cf. ogn 6.3) (6.15)

Similarly,it can bo shown that

°C. (C26)

whero <f,*is the point income elasticity of the

P(2+/x)-x relationship.

It can now bo shown that,ceteris paribus,<X and p> are inversely

proportional to the income elasticity of demand for cars,since the



olasticitios defined aboue should hi proportional to the income elas-
ticity of demand for car;.. Factors affect ng andnay now bo studied

in the light of this suggestion.

-Price of cars relative to income

Tho higher tho relative price of cars with respect to income,tha greater
will be tho elasticity of demand for cars (. .oris paribus). Con-
sequently ,because of the relationship discussed abovoyX and p will bo
low, reflecting low car ownership rates. This factnr should affect

oC more than p ,because ©~ 1s the measure of multi-car ownership,and

the purchase of a second car will depend on the price of the car to a

greater extent than will tho decision to buy the first car.

-Price and availibility of public transport

High costs of travelling by public transport will lower the income
elasticity of demand for cars. Poor availibility of public transport
will have the same effect on tho elasticies as high costs. Thus, c\

and p values will be high,reflecting high car ownership rates.

-'Luxuryl or 'necessity'

At low incomes, a car purchased may be a 'luxury',while at a high
income, it is loss so. In fact,a car cdv bo a 'necessity' to a high
income household. If a car is regarded as a 'luxury',tho income elas-
ticity of demand far cars io high,resulting in low c< and p values.
Income plays an important role in this factor,and exerts an indirect
influence on * and 8 as uoll nr, tho direct influence shown in

equations 6.15 and 6.16.

Whilo this interpretation of << and ¢ io not very useful in practice,
since tho elasticities of thn functions may be uiffirult to calculate,

it provide a theoretic al base for understanding tho behaviour of <
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APTER J1'l1 i : :(NCI US IINiS AND HCCOMMENOATION1

Conclusion-i and racummaiidatims aro new made basod on evidence which

has been presented in this luport.

7.1 ConclusionMl

parameters °<andp . If p is high,the proportion of car owning
households is high and vice-versa. If the & value for the area

is high,tho proportion of multi-oar owning households is high.

Thus,® may be defined as propensity to own a car,and o( may be

defined as the propensity to own more than one car.

7.1.2 A relationship exists between o< and p values and public transport
ac sssibility,such that when public transport accessibility is
high,o( and values ire lower. This relationship is strongly
evident at the district level of aggregation,and less prominent
for more disaggregate levels. This phenomenon is caused by the
combined effects of other other variables such as household

, income, at le,in addition to tho
Public transport accessibility. At more disaggregate levels,
the combined effects arc removed,and the relationship between
car ownership and public transport accessibility appears to be

weaker.

7.1.3 The form of the rol itionship between °< or p and public transport

r semi-log form. Thert

is no value in drawing conclusions from the regression equations

obtained, because the equations prob ibly change in time and loc-
ation. Furthermore,the equation;; depend on thn measure used

in rogrn'sion. Accos ibility measures ran be defined in many
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ownership modal uses X and ({ values for individual districts. i:b

stantial spatial variation in % and "

uiero found in this stuwy,an R

the use of one value for tho whole study area seems to result in a loss

of accuracy in forecasting future car ownership leva's.
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Program to find most likely beta and alpha wvaluoa
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>02d
2025
2030
2035
2040
B-045
2050
2055
2100
2105
2395
2996
2939
6060
6001
S005
6007
£010
6015
6020
6025
6030
6035
6040
6045
6050
6055
6100
6105
6995
69A6
6999
10000
10005
10010
1002=:
10030
10999

ON = DH + (P«0,1 '- FN Q' f
ng T |
IF ON < OL THEN SOTO 2100
IF ON 00 THEN ;. =V + i
IF O > 10 THEN 04 TO 2908
00 = UN
NeXT K
GOTO 29y5
Du = ON:bL = K
GOTO 2035
BL = L INT iBL * 100 '/ 1UU>
PRINT BL
RETURN
REM FIND LI1ELV ALPHA

DL = 99:00 - O0:v =0

FOR K = - .01 TO 1 STEP .01
ON =0

FOR I = i TO 12

IF Pit U = O THEN GOTO 6025
ON = UN + 1P<2,I > -

NE -T 1
iF UN < DL THEN GOTO 6100
IF ON >DO THEN V = 1+ 1
IF U 10 THEN GOTO 6998

00 = On
NEXT K
GOTO 6935

DL = ON:HL =
GOTO 6035

HL = ( INT cml *
PRINT W
RETURN
REM

100 1. 100>

PRIM

INPUT "ZONE'

PR* 1: PRINT Zf TAB'
PRINT "HNMIN
IF = N"
RETURN

14 IN;

THEN GOTO 999

FN C2<K>? A 2

TAB'

13,->4I> :H6< 23)iBL
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Appendix C : Zonal Data
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