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TRANSPORT IN THE DEVELOPING
ECONOMY OF IRELAND

by

JOHN BLACKWELL*

INTRODUCTION

The purpose of this paper is to project inland
transport demand in Ireland over the period 1967
1985, and in general to study the determinants of
transport demand in the country, Certain aspects of
road freight transport are also studied, with partic-
ular reference to road haulage licensing.

In recent years the economics of transport has
attracted a considerable amount of interest. This has
partly been a reflection of a general interest in cost-
benefit analysis as applied to transport problems and
partly a reaction to a number of specific problems.
For example, the growth of private car ownership
has focused attention on the problems of urban
traffic congestion. Traffic congestion has in turn
made more difficult the provision of satisfactory
public transport services in cities, The growth of
private car ownership has also undermined the
former monopolistic position of the railways.

There has therefore been an increasing interest in
the development of a “‘co-ordinated” transport
policy which would cover both road and rail. There
is scope for discussion about the impact of transport
demand on the capacity of transport networks, and
how this demand can be met with the least con-
sumption of scarce resources. The general problem
to be resolved is the provision of transport to the
community at the lowest resource cost, taking into
account soctal costs and benefits.

But as a first step it seems necessary to look at
transport demand as it has evolved over a past
number of years, and to examine the likely future
demands on the transport infrastructure. For ex-
ample, what are the factors determining car owner-
ship and use, and how is car ownership likely to
change over the next fifteen or twenty years?
Projections of transport demand are best made over

*John Blackwell was an Assistant Research Officer with the
Economic and Social Research Institute. The paper has been
accepted for publication by the Institute. The author is
responsible for the contents of the paper including the
views expressed therein.

a fairly long period of time, since transport infra-
structure is characterised by its very long life and by
an inevitably long time-lag between the decision to
invest in infrastructure and the completion of this
investment.

Since 1957, work on transport demand in Ireland
has been done by O’Keeffe (1960-61), Treacy
(1962-63), Reynolds (1962, 1963), CIE (1963),
McCarthy (1963-64) and Sexton (1966-67). In the
past two or three years a considerable volume of
statistical information has become available which is
relevant to the transport sector, This includes the
Central Statistics Office’s Sample Survey of Road
Freight Transport 1964 (CSO, 1967). This gives us
the opportunity to base our forecasts on recent
statistical data.

At the time of writing the report Regional
Studies in Ireland by Colin Buchanan and Partners
had not been published. While the results of these
regional studies could have considerable implica-
tions for transport policy, they would be unlikely to
significantly change our projections.

In this study, no account is taken of the likely
development of other forms of transport such as
monorail or the hovercraft, It is likely that craft
such as the hovercraft would compete with the
railways and with other forms of public transport,
rather than with the private car. The flexible service
which the private car provides is, in any event,
unlikely to be superseded. Internal waterways and
internal air transport are unlikely to be significant
carriers in the period under consideration.

We begin by making projections of the numbers
of mechanically propelled vehicles over the period
1967-1985. The two most important types of
vehicle (especially as regards likely pressure on road
capacity) are the private car and the commercial
goods vehicle, Much of this paper reflects the
importance of the growth of private car ownership.
The demand for vehicles is a derived demand.

1



Private cars are needed to provide personal transport.
Thus private car ownership tends to be a function of
variables such as income. The demand for com-
mercial goods vehicles reflects a demand for the
movement of goods, and goods vehicle ownership
tends to be a function of production and distribution
patterns. We try to take account of these different
influences when making the projections. The vehicle
projections, which are made individually for each
type of vehicle, are subsequently checked by a
global projection applied to total vehicle ownership.

Information on vehicle mileage gives us an index
of the changing utilisation of vehicles. We make
estimates of the vehicle mileage on Irish roads, by
type of vehicle, in 2 number of recent years. This
enables us to see how usage per vehicle is changing
over time.

Projections are also made of total passenger and
freight traffic. We also examine certain aspects of
road freight transport, and make some suggestions
regarding future research work coming within the
sphere of this paper.

1. PROJECTION OF PRIVATE CAR OWNERSHIP

1.1 Introduction

The projection of private car ownership is the
most important element in the overall vehicle pro-
jection. Private cars accounted for 66 per cent. of all
vehicles owned in Ireland in 1967, compared with
53 per cent. in 1957 (Source: Appendix C, Table
Cr).

In this section we examine the growth of private
car ownership in Ireland over the period 1947-1967,
and compare this with the ownership in Great
Britain and the USA. Then the assumptions under-
lying the projection, together with methods used,
are discussed. A number of different methods are
used to build up the projection.

1.2 Growth of Private Car Ownership since 1947

The number of private cars in Ireland increased
from 52,200 in 1947 to 135,000 in 1957 and 314,400
in 1967 (Appendix C, Table C1). In terms of cars
per capita, ownershlp has increased from o018 in
1947 to 0-047 in 1957 and o109 in 1967 (Table 1;
see also Chart 1). The only noticeable deviations
from this trend of steady growth were in 1953 and
1957.

Here, as elsewhere in the text, we fit an exponen-
tial trend to time series data. This type of trend takes
the form:

P = ab'

where P is private cars per capita, a and b are
constants and # is time. The trend is fitted by least
squares regression of log P on 2. This type of trend
implies that P increases by a constant percentage
annually.

The following are the trend rates of growth of
private cars per capita in Ireland:

1947-1967: 8-8% p-a. (R? = -949)
1958-1967: 9'5% p-a. (R? = -994)
Comparative trend rates of growth of private car

ownership in Great Britain are:

2

1947-1967: 8:8% p.a. (R* = -995)
1958-1967: 8:9% p.a. (R? = -995).

TaeLe 1: PRIVATE CARS PER CAPITA: IRELAND,
GREAT BRITAIN AND USA, 1947-1967

Private cars per capiia® Annual percentage
increase in private cars
per capita
Year
Great Great
Ireland | Britain | USA?% | Ireland | Britain | USA
I 2 3 4 5 6 7
% Ya %
1947 | 0018 o040 o214
1948 | o020 0040 0227 11°1 o0 61
1949 | 0024 | 0043 | 0244 200 75 | 75
1950 | ©-029 o-046 o266 zo-8 70 g0
1951 | ©033 0049 o277 138 65 41
1952 | 0036 0051 o280 91 41 11
1953 | o037 o056 0292 28 g8 43
1954 | 0040 0063 0300 81 12°5 27
1955 | o044 0071 o316 1670 127 5'3
1956 | o047 o078 323 68 99 22
1957 | o047 0084 o327 o0 77 12
1958 | o030 0'0gI 0327 6.4 83 o0
1950 | o054 | 0098 | 0335 8o 77 | 24
1960 | o©-obo o108 0341 irx 102 -8
1961 | o066 o116 0-3144 100 74 09
1962 | o073 o126 0353 106 86 26
1963 | o0fo o 141 0364 1o g 3I
1964 | oe8g | o157 | o374 99 i3 | 27
1065 | ©¢00d o168 0387 101 70 15
1966 | o103 o179 0398 5'I 63 2-8
1967 | o109 o 192 50 58 73 ..

Note: a—Excluding State-owned vehicles

b —include taxis; from 1959 onwards include States
of Alaska and Hawaii.

Soutrces : Col. (2): SA; DLG Annual Vehicle Census

Col. (3): British Road Federatlon Basic Road
Statistics 1967, pp.
MDS April 1968, Tables 10, 118;
Annual Abstract of Stattstacs, 1938—:950,
Table 6

'S Department of Commerce, Highway
Statistics, Sunmimary to 1955, Table MV-
200,

Bureau of Public Roads, Highway
Statistics (annual}; Bureau of the Census,
Statistical Abstract of the United States
{annual).

Col. (4):



Chart 1: PRIVATE CAR OWNERSHIP 1947-1967: IRELAND, GREAT BRITAIN AND USA
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Since 1958 the growth of private car ownership in
Ireland has been slightly higher than the British
trend. The “gap” between car ownership in Ireland
and in Great Britain is not very high. Ireland’s level
of ownership is constantly some six to seven years
behind that of Great Britain: this can be seen from
Table 1. On the other hand, there is a vast lag
between ownership in Britain and in the USA. The
1967 car ownership level in Britain was exceeded
in the United States in 1937.1

As would be expected, over the 1947—1967 period
the annual rate of growth of car ownership in the
USA has been significantly lower than in Ireland or
in Britain. Intuitively one would expect the US
rate of growth, which is expressed on a much larger
base, to be less.

1.3  Assumptions and Methods Used in Projecting Car
Ownership

We begin with our general assumptions. No
account is taken of possible changes in the methods
by which road users pay for the use of congested
roads, though it is possible that some form of direct
pricing may be introduced in cities in order to charge
road users for the costs of congestion which they
cause.? Quite apart from doubts concerning the
application of road pricing to Irish conditions, road
pricing would be likely to affect car usage rather than
car ownership. We also make the assumption that
there is no restrictionist attitude adopted towards
the growth of private car ownership.?

Four methods are used in building up a projection
of car ownership. The first method tries to deter-
mine, by means of regression analysis, which ex-
planatory variables would best project car owner-
ship. Secondly, we fit a logistic curve to the car
ownership data, assuming a certain saturation level
of car ownership.

The third approach looks at car ownership at the
household level, making use of data on the propor-
tion of households owning cars, in 2 number of
income groups.

Fourthly, a projection of new registrations (i.e.
annual sales) of private cars is made. Using this
projection, together with assumptions concerning

1Source: US Department of Commerce (1957), Table MV-
200.

*The Smeed Report (Ministry of Transport, 1964b, pp. 50—
53) considered that a system of direct pricing for the use of
roads would yield considerable economic benefits. Work on the
technical feasibility of road pricing is in progress at the Road
Resgearch Laboratory (Ministry of Transport, 1966, p. 13).

3¥The welfare effects of unrestricted car ownership growth is
outside our scope, This important subject iz surely worth some
future attention. Mishan (196%) provides an acute appraisal of
the external diseconomies attached to the growth of private car
ownership and use.
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the scrappage of private cars, we can derive a

projection of car ownership.

1.4 Use of explanatory variables

1.4.1 Introduction

This approach relies on the hypothesis that car
ownership is refated to explanatory variables such as
income per capita. We test this hypothesis by re-
gression analysis applied to time series data over the
1947-1966 period. Subsequently a cross-section of
observations from a number of countries and from
Irish counties is examined.

One of the independent variables which is used
in the cross-sectional studies is population density.
One would expect that, in density populated com-
munities, high frequency public transport services
would reduce the necessity for car ownership. The
relation between car ownership and population
density has been the subject of much recent dis-
cussion. Tanner (1965) plots data on car ownership
in areas of Great Britain and the United States and
says ‘It is clear that the number of cars per head
tends to be lower in areas of high population
density”. Beesley and Kain (1964, p. 185) argue that
car ownership is highly dependent on the density of
work places and residences. Kain and Beesley (1965)
in a further paper derive equations which express
car ownership as a function of population density
and median family income. They base the data on 2
sample of 45 US cities.

But given the dispersed pattern of population in
Ireland, outside one or two cities, it is unlikely that
population density would be a major factor influenc-
ing car ownership. We do not attempt to integrate
this factor into our projections, apart from testing it
in the cross-sectional studies.

1.4.2 Time series analysis Ireland, 1947-1966

A priori, we expect that private car ownership
would be positively correlated with income per
capita, and that it would be negatively correlated with
the enforcement of hire purchase controls. We also
expect that it would increase over time irrespective
of the influence of income or the availability of hire
purchase credit, i.e. we postulate an autonomous
trend over time, which may be a reflection of factors
such as consumers’ acceptance and emulation effects.

The dependent variable in this analysis is the
number of private cars per capita. Ideally, for the
dependent variable one would like to construct a
series of depreciated stocks of cars which would
reflect the age distribution of the cars in use in each
year. This has not been possible, since we have no
information on this age distribution.

We would like to have included, as one of the
independent variables, a price index for cars in use



(this would be even more appropriate if a depreciated
stock of cars per capita had been the dependent
variable). But no such index is available,4
Initially, the hypothesis is expressed in the
following forms:
P = agtae)D+a,HP fayt+u
log P = By+8, log D+B,HP Byt +u

where P = private cars per 1,000 persons;
D = disposable personal income per capita
at constant prices (£);
HP = hire purchase dummy variable,
= 1 for 1957 and 1966 and
== o for all other years;
t = time = o at 1947;
and where # is an error term.
"The following comments relate to the construction
of independent variables D and HP.

Disposable personal income per capita at constant
prices (D)

This is personal income (as defined in CSQ, 1968)
less taxes on personal income. The current values
are deflated by the average value (1958 = 100) of
consumers’ personal expenditure on goods and
services. This deflator is simply the quotient of the
value of consumers’ personal expenditure (at market
prices) by its value at constant prices (CSO, 1968,
p- 82, the quotient of row 51 by row 5g). The figures
are then expressed per head of population.

Hire purchase dummy variable (HP)
Once again we fall short of the ideal variable

*The CS0 does compile information on new car prices, but
for our purposes it would also be necessary to construct an
index of second-hand cars. Then a composite index could be
constructed. Information on the age distribution of cars in use
would be needed in order to provide a weighting for this com-
posite index. In any event, any price index for cars is vitiated
by the difficulty of allowing for quality change in cars. For
example, Cramer (1966) has shown that in the Netherlands over
the 1950-1965 period, the rise in prices of motor cars has been
just about offset by improvements in quality. The only attempt
to quantify quality change with respect to car prices in Ireland
(Geary and Pratschke, 1968, pp. 35-46) relies on a cross-
section of observations, with somewhat disappointing results.

(r.1)

(1.2)

P= —78-05+40:6606D + 1-372t

which would reflect hire purchase credit conditions.
The ideal variable would reflect both the minimum
percentage deposit and the maximum repayment
period, for private car hire purchase agreements,

Only twice within the 1947-1966 period have
there been government restrictions on hire purchase
credit for private cars. The first was under the
Hiring, Hire-Purchase and Credit Sale Order, 1956
(5.1. No. 46 of 1956) which laid down a minimum
deposit of 25 per cent. and 2 maximum period of
repayment of two years, effective from 13 March,
1956. This was later eased to 10 per cent. and three
years respectively, on 15 February, 1957, and the
restrictions were removed on 1 April, 1957. The
second time was in 1965, when the Hire-Purchase
and Credit Sale Order 1965 (S.I. No. 155 of 1965)
prescribed a minimum deposit of 25 per cent. and
2 maximum period of repayment of three years,
effective from 16 July, 1965. This was removed on
15 September 1967,

It is difficult to assess how hire purchase credit
conditions vary in periods other than the above
periods of Government restrictions. Not enough
published information is available in order to
construct reliable figures on the likely availability of
hire purchase credit in each year. Therefore, rather
than use a specific variable to reflect hire purchase
credit conditions (e.g. by using the proportion of
credit to be repaid in twelve months), we use a
dummy variable. This dummy variable (HP) = 1
in 1957 and 1966, and = o in each other year.
These seem to be the most appropriate years, since
the vehicle counts (on which our car ownership
figures are based) are taken at August each year.

The basic data for the regressions are contained in
Table 1 and Table Cz. Estimates of the coefficients
are computed by least squares regression. In many
cases the coefficients of HP and of ¢ prove non-
significant at the g per cent. level, In each of these
cases we drop both HP and ¢ and re-compute the
regression, The following equations are derived.

R2 d

P=—79-98-+06758 D+3-788 HP+1-2517
(o' 1082)***(2.651)

(or481)

R2=-985 d=og1

(o' 1110)**¥*(0-4882)*

(1.3) P=-1183+09602D

(o0r03619)%**

(1.4)log P ==
(0°4759)

+o-0bggat
{oror160g)***

R2=-¢83 d=r1-01

R%2=+gv5 d=128

09304 +0-8024 log D —o-01423HP
(0:95742)

R2=-982

w



(1.5) log P= —1-015+0'8197 log D 4-0-065301

(04576)
(1.6) log P= —13-88 43428 log D
(0.1919)*##

Throughout this paper *** signifies that the
regression coefficient is significant at the -o1 per
cent. level on the basis of the ¢ test. Significance at
the 1 per cent. level is denoted by ** and significance
at the 5 per cent. level by *,

One of the assumptions of our model is the serial
independence of the error term. But in time series
analysis, serial correlation may well exist between
the errors in successive observations. The Durbin-
Watson ‘‘d” statistic provides a test for the presence
of serial correlation (in a few cases where equations
are obviously unsatisfactory, this statistic is not
computed).

In the first equation, containing all the variables,
the dummy variable HP is non-significant at the
5 per cent. level. Its sign is positive, which is not
what was expected. This variable is subsequently
omitted.

Equation (1.2) contains both D and £ as independ-
ent variables. The coefficients of both D and £ are
significant at the 5 per cent. level, and the equation
as a whole is significant at the 5 per cent. level (using
the F ratio test). But the “d” statistic indicates
positive serial correlation of the error terms (at the
s per cent. level). In addition, the equation is
unsatisfactory because of multicollinearity—i.e. the

(oro1110)***

R2=-¢82

RE=-947 d=o0'59

very high degree of correlation between variables D
and # (the coefficient of correlation r = -961). Hence
the estimates of the coefficients may be very unstable.

Equation (1.3) contains only D as the independent
variable. The value of the ‘‘d” statistic lies in the
indeterminate area. But the alternative test proposed
by Theil and Nagar (1961) suggests the presence of
positive serial correlation of the error terms, at the
5 per cent. level.

Similarly, the equations in the logs of both P and
D are unsatisfactory, due either to non-significant
coefficients, or to serial correlation of the error terms
{evident in Equation (1.6)).

In an effort to overcome the problem of serial
correlation, we try the following regressions. Firstly,
we test a number of formulations using lagged
disposable income, such as

P —_— ao ] alD_1+u-

Secondly, we analyse the first differences of the
observations. When one transforms to first differ-
ences, the serial correlation of the transformed errors
is likely to be less than that of the original errors.

The following are the results of these regressions:

Original data R2 d

{1.7) P— —84-88+-07201D_,+ 1283t ‘ggo  1°22
(00865)  (or3741)**

(1.8) P=—1217+1°003D_4 982 143

(rg)  P=—123:5+04081D+0'5949D, ‘989 096
(0:128g)** (0 1316)***

(1.10) P=—12494+1047D 4 965 117
(00499)***

(1:11) log P=—2:959 41225 log D.;+0-0535¢ ‘9goc 0.57
(03193)**  (0r0077)***

(1.12) log P= —13°46+13364 log D-, g0 064
(o 1662)***

(1.13) log P= —12:8843-269 log D _, 953 089
(o 1810)%**

First differences

(1.14) AP=3745+0'1599 AD "109  0°91

(or1107)
(1.15) A log P=0-03286-0'5547 A log D ‘0951 104

(0°4149)



Of these equations, (1.8) in which disposable
personal income per capita lagged one year is the
independent variable, seems most satisfactory. The
value of the “d” statistic leads us to accept the null-
hypothesis of residual independence at the 5 per cent.
level. The R® of -982 is higher than in Equation
(1.3), in which unlagged disposable income is the
independent variable,

Equations (1.7) and (1.9) are unsatisfactory
because of multicollinearity. There is high inter-
correlation both between D_; and # (coefficient of
correlation r = -g54) and between D and D.,
(r = -979). The other equations using original data
are unsatisfactory because of positive serial correla-
tion of the error terms.

The first difference equations explain very little
of the variability of car ownership, the R? being very
low.

We summarise the time series data so far. The
explicit introduction of a time trend gives unsatis-
factory results, because of the correlation between
disposable income and time. When a time trend is
implicitly introduced (in the first difference re-
gressions) the R2is very low. Simple regressions on
unlagged disposable income, whether in linear or in
log-log form, are vitiated by positive serial correla-
tion of the error terms.® The only equation which
does not have positive serial correlation is that which
has D_, as independent variable.

On the evidence so far, the equation incorporating
D., is the most satisfactory, and this could be
accepted for projecting car ownership. But finally,
two further elaborations are discussed. The first is
the possibility of using an alternative method of
estimating the parameters, where there are serially

%1t could possibly be argued that we could still use para-
meters from equations with serially correlated errors, as our
prime aim is one of projection rather than that of establishing
structural relations. This argument would be based on the fact
that serial correlation affects the minimum variance property of
the least squares parameters, and does not affect the unbiased-
ness of these parameters. This line of reasoning is not accepted.
We wish, if possible, to establish a satisfactory structural rela-
tionship, incorporating a meaningful independent vatriable. It
would also seem preferable to project car ownership with a
parameter which has the minimum variance characteristic.

correlated errors. The second is the need to take
account of the division of our 2o year observation
period into two distinct phases; the period 1947~
1957, when the average annual growth rate of GNP
was exceedingly small, and the period since 1958,
when there was a marked increase in the growth
rate. The possibility that a structural change in
the economy since 1958 has affected our relation-
ships is investigated.

Firstly, we elaborate on the serial correlation
problem. Usually, serial correlation of the error
terms indicates that the relationship has been formu-
lated incorrectly (e.g. the use of an unlagged
instead of a lagged independent variable) or else that
some independent variable, ¢.g., a price index of cars,
has been left out. The difficulties concerning the
use of such a price index have been discussed earlier.

Instead of incorporating an additional variable, in
an effort to overcome the problem of serial correla-
tion a simple transformation is attempted, We
estimate the autoregressive coefficient 5 for the
residuals; the coefficient § is used to compute the
transformed variables Y, = (¥, —p¥, ;) and
Xy = (X, "'ﬁXt—l)'6

*Assume an original formulation:

(1.16) Ye = tota, Xt

A first order autoregressive system is assumed, i.e.:
= pu, l+v1

From this it follows that:

(1:17) Ye= ao(t — p}+ a(Xp = pXe- 1} +oe
Let the residuals from (1.16) be symbolised by e.. Then p is
estimated by the least squares regression:

o~
ep = pep+t

where  is an estimate of p. The coefficient 5 is used to compute
the transformed variables:

Yy = (Y;— Y Jand X'¢ = (Xe—pXe- 1)

This transformation is attempted only with the equation con-
taining P and D in log-log form, since the linear equation
containing D lagged one year was free from serially correlated
terms. Estimating p from the residuals of (1.6), p = 0-688,
and a value of 07 is used for the transformation.

When the variables are transformed in this way, least squares regression gives the following results:

(1.18) (log P) =

The coefficient of (log D)’ is significant at the
5 per cent. level, but the R2 of -251 is not very
satisfactory, Although the d value is nearer the
lower bound of the indeterminate region, it still
indicates positive serial correlation. For these
reasons, we do not use (1.18) any further.

We now examine the second possibility—i.e. that
there may have been a structural change in the
economy since 1958 which has led to an upward

03260 +0884(log D)’
(0:4139)*

R%*=-251
d=103

shift in our relationships. This is done by dividing
the original 20 year observation period into two
periods. The first, 1947-1957 is a period of slow
growth (trend rate of growth of real disposable
personal income is 1°g5 per cent. per annum,
R2 — -848). The second period, 1958-1966, is a
period of much higher growth (trend rate of growth
of real disposable personal income is 3-75 per cent.
per annum, R? = -g56).



Table 2 shows the different slope coefficients for
both 1947-1957 and 1958-1966, together with the
R?and the d statistics. If one compares the coefficient
over these two periods, the coefficients of both D and
D_, in the linear regressions are higher in the period
in 1958-1966, The difference between the two
coefficients of D is only marginal, but the difference
between the coefficients of lagged income is more
appreciable.

TaeLe z: CAR OWNERSHIP REGRESSIONS: SLOPE
COEFFICIENTS, 1947-1957 AND 1958-1966

1947-1957 1958-1966
Variables in =
equation Slope co- Slope co-
efficient | R? d | efficient| R® d

P,D .. .. | ogog3z | ‘889 | 128 | o'gr4gr | ‘g4z | 1-08
P, D, .. | 08455 | ‘030 | 144 | o-9214 | -975 | 203
logP,logD .. | 4609 ‘920 | 145 | 2461 gbg | 1°29
logP,log D_, 4'048 | -g62 | 185 | 2.421 977 | 2'35

A test of the equality between coefficients in
two regressions is now used (cf. Johnston, 1963,
pp. 136-138). It is found that there is not a signifi-
cant difference between the 1947-57 and 1958-66
regressions, for either D or D_;.

A final possibility remains. There may have been
a change in the function relating car ownership to
income, since 1958, whereby the slope coefficient
remained the same in both 1947-57 and 1958-66,
but the intercept changed. This can be tested by
using the full 2o observations and by introduecing a
dummy variable, called S, This dummy variable = o
for each year from 1947 to 1957, and = 1 for each
year from 1958 to 1966.

Using this formulation, the hypothesis is that:

P = ajg+a;D+o,S+u

and similarly for lagged values of D and for log-log
forms of the regressions.

The results of the regressions are as follows:

Of these equations (1.20) seemns highly satisfactory.
The coefficients of both D_; and S are highly
significant and their signs are what we expect. The
R? is extremely high. There is a certain amount of
multicollinearity. D_, and S are intercorrelated (the
coefficient of correlation r = 0-768). However, this
multicollinearity is not as serious as in the equations
discussed earlier., There may be some slight doubt
cast on the stability of (1.20) as a structural relation-
ship but the intercorrelation present should not
affect its usefulness in projecting car ownership.
The coefficient of D.; is somewhat smaller in
Equation (1.20) than in Equation (1.8).

In summary, the most satisfactory equations seem
to be (1.8) in which P is regressed on D_; and (1.20)
in which P is regressed on D_; and on the dummy
variable 8.7

The elasticity of car ownership with respect to
lagged disposable income from Equation (1.8) is 3-2,
i.e. each 1 per cent. rise in GNP gives rise, on
average, to a 32 per cent. rise in car ownership,
with a one-year lag. This elasticity is calculated at
the joint means, P = §4:2, D_| = 175'34. The
elasticity of car ownership with respect to disposable
income, calculated from Equation (1.20), is 2'9.

These income elasticities can be compared with
the results of other countries’ studies, although these
studies used dependent variables which were defined
in a different way from ours, Chow (1¢60) in a US
study takes as his dependent variable the number of
“new car equivalents” per capita (older cars being
regarded as equivalent to half a new car if their
price were half that of new cars, etc.). He derives
an income elasticity for the “weighted” car owner-
ship with respect to real disposable personal in-
come per capita. This elasticity is 1-46 (at mean

"One disconcerting feature of the time series analysis is that
in many cases the highest R? of all is obtained from a simple
regression on time #. This is true in the regression over 1947-66
of log P on ¢, and in the regression over 1958-66 of P on ¢ and
of log P on ¢, It could be argued that for projection purposes,
such a regression of car ownership on time could be equally
well used. This is not done, since our intention is to try to
specify a model which is an intelligible structural relationship
and which can also be useful for projection purposes.

Rz 4
(1.19) P=-—r11ro+4o9ri6D 3-0645
(0-0br7)***  (3.147) ‘976 115
(1.20) P=—1071409036D._, 6-1475
(oroq21)***  (1-9g8)** ‘989 1'94
(r.21) log P== —12-95 +3242 log D + 0.06445
93330 09016 ‘948 o351
3
(1.22) log P= —11°41 42954 log D_,+0'14028
(0-2350)***  (o-0b24)* 970 072



car stock and mean income) for his linear relation-
ship and 1+73 for his log-log relationship.

A British study (Dicks-Mireaux et al., 1961)
similar to Chow's, uses a depreciated stock of cars,
taking cars in use adjusted for changes in age and
size. It estimates, based on regression analysis over
the period 1947-60, that the long term income-stock
elasticity is equal to 2-4.

1.4.3 Variability of car ownership among countries

Having looked at time series data for Ireland, we
now check the plausibility of our coefficients by
examining two cross-sections. The first is a cross-
section of countries.

A priori, we expect that private car ownership
would be positively correlated with income, and
negatively correlated with population density. This
cross-section approach suffers from the inherent
disadvantages of being based on aggregate data for
countries. This aggregation is over regions within
each country, of varying levels of development and
levels of population density.

The following hypothesis is tested by regression
analysis, using data for 58 countries, for which
figures of per capita GDP are available:

P = agta,X,+a.X,tu

where P = private cars per 1,000 persons, 1964;
X, = per capita GDP at factor cost in US
dollars, 1964;
X, = population density (persons per square
kilometre), 1964

and where u is an error term,

The variable X, (i.e. per capita GDP at factor cost
in US dollars) is calculated at the parity rate.2 GDP
at factor cost is a measure of a country’s total
production of goods and services. It is not equivalent
to national income, since it excludes both deprecia-
tion and net factor income from abroad.?

The data on which the regressions are based are
set out in Appendix C, Table C3, and the following
are the results.

(1.23) P = —16-3+01061X, -+ 0'002904X,
(0:03420)***(0-1480)
R2 = -896

The coefficient of population density in this
equation is not significant at the 5 per cent. level.
This is not altogether surprising since differences in

*Parity rates (as given in United Nations, 1966) ate calculated
by adjusting the official or free market exchange rates in 1938 by
the relative change in the level of prices from 1938 to 1964
between the United States and each country.

%At the time when this section was being prepared, the
UN Yearbook of National Accounts Statistics, 1966, which
gives estimates of per capita national income, was not yet
available. We use the per capita national income figures in
Section 3, when discussing motor cycle ownership.

population density within each country are not
reflected in the equation.

We now omit population density as an explanatory
variable, and test the following formulations of the
hypothesis:

Linear:
P =ayte X 4u
Double logarithmic:
log, P = By-+B,log Xy+u
or

P = B X B

where §; is the antilog of 8,.
The following are the results:1¢

(1.24) P = —162+01062X%, R? = 897
(0r004819)*#*
(1.25)log P = —2-107+1320l0g X; RZ= 849

(007430)%**

The log-log equation (1.25) has the advantage that
the elasticity of Y with respect to X, is constant.
The goodness of fit of Equation (1.25), as measured
by R?Z is slightly less than that of Equation
(1.24), but the two equations are both equally
significant at the -o1 per cent. level (testing by
means of the F ratio).

The elasticity of car ownership with respect to
real GDP per capita is quite similar from both
equations, i.e. 1.27 from the linear equation (cal-
culated at the joint means Y = 606, X, = 722+7)
and 1.32 from Equation (1.25). Therefore, based on
this cross-section, a 1 per cent. increase in real
GDP per capita results on average in an increase of
about 1-3 per cent. in car ownership.

1.4.4 Variability of car ownership among Irish counties

The second cross-section is one of Irish counties.
The basic analysis is provided in Appendix A, The
elasticity of car ownership with respect to personal
income per capita calculated from Equation (A.2) of
Appendix A is 1-17 at the joint means (P = §7°6,
X} = 191'1). This elasticity of 1-17 is reasonably
close to the two elasticities calculated from the

WIf private cars per capita are regressed on per capita GDP
calculated at the exchange rate (for the 64 countries for which
such data are available) the goodness of fit as measured by R?
is 873, slightly lower. These per capita GDP figures were
expressed (by United Nations, 1966) in national currency
units, converted into US dollars using the prevailing exchange
rate for each country with a minimum of adjustment.



s8-country cross-section regression (i.e. 1-27 and
1.32).

The log-log equation for the Irish counties gives
a higher elasticity of 1-46 with respect to personal
income per capita. Both the linear and the log-log
ownership elasticities are significantly lower than
those derived from the Irish time series analysis.

1.4.5 Projection of car ownership using explanatory
variables

In summary, the time series analysis has shown
that the best equations explaining the growth of car
ownership in Ireland are (1.8) and (1.20).

The cross-sectional analyses, whether across
countries or across Irish counties, have given lower
elasticities of car ownership with respect to income
than have the time series analyses. This could be
because of faulty specification of the time series
model. This discrepancy in elasticities could also
arise because of a difference between long and short
period adjustment. The cross-section across a wide
spectrum could reflect the long-term adjustment,
with the time series reflecting the short-term adjust-
ment.

On the question of population density, the cross-
sectional regressions show that this variable is non-
significant.

Equation (1.20) is used to project car ownership;
this equation gives a slightly better fit to the past
data than does (1.8). If alternative assumptions are
made concerning the average growth of real dispos-
able personal income per capita over the period
1967-1985 (ranging from 2+5 per cent, per annum
to 4-0 per cent. per annum) the resulting alternative
projections of car ownership are as in Table 3.
TasLe 3: ALTERNATIVE PROJECTIONS OF PRIVATE

CAR OWNERSHIP BASED ON DIFFERENT ASSUMP-
TIONS OF INCOME GROWTH

Average Growth
of Real Disposable Private Cars
Year Personal Income Per Capita
Per Capita
% p-a.
1967 {actual) — 0109
1970 25 o117
310 0120
35 o123
40 o126
1975 25 0°145
30 o155
35 o163
40 o176
1980 2-5 o177
3-0 o196
35 o215
40 o235
1985 25 o214
30 o243
35 0274
40 o308

io

It is now necessary to postulate a growth rate of
disposable income over the projection period. The
higher growth rate in income since 1958 has already
been discussed. The trend rate of growth of real
disposable personal income per capita was 3-75 per
cent. in 1958-66.

Between 1967 and 1970 the favourable effects of
the Anglo-Irish Free Trade Agreement should be
significant. It seems reasonable to assume a growth
rate of 4 per cent. per annum in real disposable
personal income per capita in the 1967-1970 period.
It is assumed that subsequently the growth rate will
be 3-5 per cent. per annum, in the 1970-1980 period
and 3-0 per cent. per annum in the 1980-1985 period.
This falling-off in the growth rate is assumed partly
because incomes would be continually increasing on
a larger base. The resulting projections of car
ownership are given in Table 4.

There are a number of reservations concerning this
projection of car ownership. Firstly the projection
assumes that the specification of our regression
model is reasonably correct. Secondly, it assumes
that the parameters of the regression equation
remain unchanged overthe projection period. Thirdly,
it is dependent on a certain projection of disposable
income per capita.

TaBLE 4: PROJECTION OF PRIVATE CAR OWNERSHIP
BASED ON REGRESSION RESULTS

Year Private Cars per Capita
1967 {actual) 0109
1970 o126
1975 o170
1980 0221
1985 o274

1.5 Logistic Curve Projection

1.5.1 The Logistic Curve

It has been found that the growth of certain liviag
organisms can be represented by the logistic curve
(see Pearl, 1926, p. 125). This obviously need not
be the case with car ownership, but there is a certain
plausibility in trying to fit a logistic curve to the
available data on car ownership, in order to estimate
future long-term movements its ownership (for
an example of this approach, see Tanner, 1965).

We firstly discuss the general form of the logistic
curve. A form of this curve is derived which basically
reduces the projection process to one of selecting
a saturation level of car ownership. There follows
an estimate of a likely saturation level of car owner-
ship for Ireland. The logistic curve is then fitted.



The logistic curvell is S-shaped, is asymptotic to
the ¢ axis at large negative ¢ and to the abscissa — a
(i.e. on the vertical axis) for large positive ¢. The
curve grows slowly, gathers speed, and finally ceases
to grow at an upper asymptote.

Equation (r.28) in footnote 11 shows that the
rate of growth of y at any time ¢ is proportional to the
product of the existing value of y and the distance of y
from its upper asymptote at a. Therefore the rate of
increase of y increases as the existing value of ¥
increases, and decreases as the distance of y from its
upper asymptote decreases.

Given a sufficient number of observations, one
could fit a logistic curve to data, through estimating
the parameters a and ¢ by least squares regression.
This is not so in the case of Ireland, where one is
a considerable period away from saturation (i.e. the
upper asymptote a). We therefore adopt a similar
approach to that used by Tanner in his British
studies (see for example, Tanner, 1965). In footnote

""The general form of the logistic curve is as follows:

a

(1.26} y= p
14bect

where b, ¢ and ¢ are parameters to be determined from the
data and ¢ is time. Differentiating {1.26) with respect to ¢,
one obtains:

1dy :
(1.27) —— = c—(c/a)y
ydt
Therefore
{(1.28) e (a—y)
1.2 — =-yla—y
dt @

We now assume that the current number of private cars per
capita is Y and that the current rate of growth of Y is 100 » per
cent. per annum. The saturation level of cars per capita is the
constant a. Time ¢ is equal to o at the present time, while b and ¢
are constants determined from the equation.

Inserting these values in Equation {r.28) we have

dY ¢
— =-Y(a—Y)
dt a
¢
Y =-Y(a-Y)
a
Therefore:
ar
(1.29) ¢ =
a—Y
a
Whent = o, from Equation (1.26) we have Y = — i Therefore
14b,
a—-Y
(1.30) b= .

Y

If we insert the values of ¢ and b as given in Equations (1.29)

and (1.30), into Equation (1.26), we can derjve the following
function for y : -
a

(1.3n) y= ;
Y +(a=Y)exp(—art/a—~Y)

11, we derive Equation (1.31) which enables us to
solve for y (car ownership at any time ¢). The only
unknown in this equation is the saturation level .
Therefore, once the saturation level « is fixed, the
logistic curve is determined.

This s a useful means of projecting car ownership
by means of the logistic curve, for a country such as
Ireland which is a considerable period away from
possible saturation. This method of projection has
at least two distinct advantages. Firstly, one is not
dependent on the ability to project explanatory
variables in order to project car ownership. Secondly,
it seems suited to forecasting over such a long time
period as we have in mind.

As a test of the general relevance of the logistic
curve, three modified exponential trends are fitted
to long-term data on USA and Swedish car owner-
ship. These two countries should be much nearer
possible saturation than is Ireland or Britain, and
a large number of observations is available for each
country, Each of these three modified exponential
trends approaches an upper asymptote,

The three curves are derived from the modified
exponential function ¥’ = a+¥". The curves are
the simple modified exponential where ' = car
ownership y ; the Gompertz where 3 =logy ;

and the logistic, where y' = 1 In these formulae
y

@, b and 7 are constants and ¢ is a set of integers
representing time,

'The USA data cover the period 1920-1966, and
the Swedish data the period 1923-1966 (excluding
the years 1940-1946 for Sweden due to the effects
of the war).

If we wish to compare these curves, it is necessary
to weight the squared deviations of y’, according to
our assumptions about variations in y, Two common
assumptions are:

(@) Uniform error, 1r.e. var (y) is constant.

(8) Proportional error, i.e. standard error () is

proportional to y, i.e. var (y) is proportional
to y2.

The curves are fitted, making each of these
assumptions in turn. Appendix Table Cs gives the
actual and calculated values of car ownership for
USA and Sweden derived by fitting these curves
(the Gompertz calculations are not shown).

The calculated values given by the logistic curve
give quite a good fit to the data for both USA and
Sweden. The simple modified exponential curve
does not fit the data, for either the USA or Sweden.
For the USA the logistic curve gives a better fit than
the Gompertz, whether we assume uniform or
proportional error. For Sweden, the logistic curve

11



gives a better fit than the Gompertz, although if we
assume uniform error the difference is marginal.

It is possible to compare the extent to which the
different curves fit the data. If we let the difference
between actual and calculated ownership in any year
be equal to «, then Zu? is given in Table 5.

These results lead us to believe that, a priori, the
logistic curve can represent the growth of car
ownership.

TasLe 5: FITTING OF EXPONENTIAL CURVES TO

USAAND SWEDISH CARS PER 1,000 PERSONS: SUM
OF SQUARED DEVIATIONS

Assumptions Concerning Variations in y
Type of USA Sweden
Curve
Uniform| Proportional | Uniform| Proporticnal
Gompertz .. | No Fit 20,167 3,030 No Fit
Logistic 19,519 17,457 2,955 6,114

1.5.2 Estimation of saturation level—general

The levels of private car ownership in Ireland and
in Great Britain are not yet approaching saturation
level. This can be seen from Table 1, which shows
annual rates of increase of ownership. The annual
rate of growth of car ownership does not decline
gradually in the period examined.

More significantly, there is not yet much evidence
of an approaching saturation level for the United
States as a whole, However, in those US States with
a high level of car ownership there has been a
fairly low rate of growth of ownership in recent
years. The eleven US States with more than o410
private cars per capita in 1965 had an average
compound rate of growth of ownership over the
1960-65 period of 1-93 per cent. per annum com-
pared with an overall US average of 2-52 per cent.
per annum in the same period (Table Cg).

It may be slightly misleading to compare Ireland
with countries such as Great Britain and the United
States in this way. The United States is a much less
densely populated country than Great Britain, and
one would need to examine in much greater detail
the relationship between car ownership, income level
and population density in order to derive more
meaningful conclusions regarding saturation levels.
It may be that different saturation levels would apply
to countries such as Ireland, Britain and the US.
One would also need to take account of the influence
of differing family sizes between these countries. The
higher family size in Ireland might mean that its
hypothetical saturation level would be lower than
that of Great Britain.

We therefore base our estimates of the saturation
level in Ireland on two other methods. The first is
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based on an examination of the pattern of car owner-
ship growth in Irish counties. The second method is
based on the Irish age distribution.

1.5.3 “Intercept” method

"The first methoed has been developed by Tanner
(see for example, Tanner, 1965). One examines a set
of administrative districts over successive time
periods. Appendix Table C4 shows that administra-
tive districts in Ireland with the highest rate of car
ownership tend to have the lowest rate of increase
in car ownership, in each time period examined.
There is therefore the possibility of establishing
a significant relationship between these two vari-
ables and thereby estimating the level of car owner-
ship which relates to a nil rate of growth in
ownership—i.e. the saturation level.

We therefore postulate that the annual average
percentage increase in car ownership over a certain
period is a function of the actual level of car owner-
ship in this period. A cross-section of observations
from Irish counties and county boroughs is taken
and this hypothesis is tested by least squares
regression.

Firstly, the Irish data are examined; the basic data
are in Table C4. Since population figures for
counties and county boroughs (necessary for cal-
culating private cars per capita) are available only
once every five years, the analysis is limited to a
number of five-year periods. The periods chosen are
1951-56, 1956-61 and 1961-66, and we have 29
observations in each of these periods.1?

The variables used are as follows:

Annual average percentage increase in car owne-
ship (Y):

This is calculated over each five year period by the
following method. If P; = number of cars per
capita at year i(i == 1, 2, ..., 6), then:

Car ownership (X):

This is the geometric mean of car ownership in
year 1 and year 0, i.e.

X = (P,Pg)}

The regression equations for each of the three
periods examined are as follows:

IQ51-I956:
Y = 1425 —1454X
(42-18)**
F ratio = 11-g significant at 1 per cent. level,

100

R2 = +306

2Dye to a boundary change, it is not possible to calculate
separate figures for Cork County Council and Cork County
Borough arcas. There are also boundary changes which affect
a comparison of cars per capita in 1961 with earlier years (see
CP 1961, footnotes to Table 3), but these are ignored for our
analysis,



1956-1961 :
Y = 12:935 —go-72X

(24:45)***
F ratio = 138 significant at o-1 per cent. level.

1961-1966 ;
Y = 1442 —61-66X

(2718)*
F ratio = 5-14 significant at 5 per cent. level.

RZ = 160

In each of the above cases the overall significance of
the regression is tested by means of the F ratio test.
The regression for 1956-1961 is highly significant,
and each of the other regressions is significant at the
5 per cent. level at least.

If similar regressions are run for the county
districts, the R2 are higher (-436, *560 and '214).

In calculating a car ownership saturation level
based on a British cross-section, Tanner (1965,
Appendix 3) assumes that the data conform to the
model:

Y =a+fX+u

where  is an error term and where X is an indepen-
dent variable not subject to error. Given this
assumption he tries to determine the value of X for
which the average value of Y is zero {one is unable
to calculate the average value of X when Y is zero,
since it is assumed that the X values are given).

Tanner also derived a sampling variance for the
required intercept, the value of X for which Y is
zero. He calls this the “‘obvious” estimate, implying
that it is a commonsense quantity to use. It is not
necessarily an unbiased estimator, but one requires
only an approximate estimate of the saturation level.
Tanner’s formula for the sampling variance of the
intercept is used in calculating confidence limits.
(The formula for estimated variance of the intercept
is given in Tanner, 1965, Appendix 3.)

We calculate the values of the intercept at Y = o
from the above regression equations. This gives a
calculated saturation level for X (cars per capita)
for each of the periods; in addition, g5 per cent.
confidence limits for the intercepts are calculated.13
The calculated saturation levels (cars per capita) are
as follows (with 95 per cent. confidence limits in
brackets):

195I-1956 : 0'098 (0060 —0-136)
1956-1961 : 0'136 (0°072 —0-165)
1961-1966 : 0234 (0'120 ~0'358)

BAnother possible application of these c¢ross-sectional
regressions, which has not been attempted, is that of projecting
car ownership levels in the counties. The “intercept” approach
might be a help in this regard.

The increase in the calculated saturation level
between 1956-61 and 1961-66 is over double the
increase between 1951-56 and 1956-61—this is
partly a reflection of the abnormally depressed
economic conditions during much of the 195661
period.

1.5.4 Demographic age distribution

This method of estimating the saturation level is
based on an examination of the age distribution of the
demographic population. We estimate the propor-
tion of the population which is likely to hold driving
licences, and then postulate that one car per licence-
halder is a reasonable upper limit.

The Irish car-driving population comprises those
aged 17 and over, and it is assumed that the mini-
mum age of a licence-holder will not change. In
1966, 54 per cent. of the population was in the
17-64 age group.

It is now necessary to project this 17-64 age
group. The most recently published population
projections made by CSO are contained in an
NIEC Report (NIEC, 1967). These projections are
based on different assumptions concerning net
emigration (i.e. on whether it would fall to 5,000
per annum by 1976, 1681 or 1986). We choose the
projection which assumes that net emigration would
fall to 5,000 per annum by 1976 (NIEC, 1967,
Table 4).

From Table 4 of NIEC (1967) we calculate the
projected numbers of persons in the 15-64 age
group. The likely future proportions in the 17-64
age group are obtained by assuming that the
relativity between the number of persons in the
15-17 age group and those in the 15-64 age group
remains constant, Based on these assumptions, we
estimate that the proportion of population in age
group 17-64 would increase from 53-7 per cent. in
1966 (CP 1966, Table 10) to §3-1 per cent. in 1976,
51°0 per cent. in 1986 and 505 per cent. in 1991.

It is now arbitrarily assumed that, for health and
other reasons, 10 per cent. of the population aged
17-64 would not be able to drive or would not be
willing to drive, and that 50 per cent. of the popula-
tion aged 65 or over would not drive, When estimat-
ing the proportion of the projected population which
is aged 65 or over, we rely on the population
projections contained in ISB, June 1965, since
NIEC (1967) does not have this information. Based
on these assumptions, it is calculated that the
proportion of the population which is capable and
willing to drive would change from 53'9 per cent.
in 1966 to 533 per cent. in 1976, 51-4 per cent. in
1986 and 30-g per cent. in 1991.

Assuming that one car per potential driver is a
reasonable limit, these figures suggest that o-go cars

13



per head of total population would be an approxi-
mate saturation level.

1.5.5 Conclusions on saturation level

There is no evidence of an imminent saturation
level of car ownership from aggregate Irish, British
or even US data over the 1947-67 period. We
have, however, tried to estimate the Irish saturation
level both by using the “intercept” method based on
a cross-section of Irish administrative districts, and
by using data on the Irish age distribution.

The calculated Irish saturation level based on
“intercept” datais o-23 private cars per capita, based
on Irish county and county borough data covering
the 1956-61 period. However, the Irish “intercept”
has increased quite rapidly over the three five-year
periods which have been examined. In 1967 the
level of private car ownership in Ireland (o-109
cars per capita) had already exceeded the calculated
“intercept” for the 195156 period. The calculated
Irish saturation level of 0234, based on data
relating to the period 1961-1966, is below the level
ot car ownership reached in Australia, Canada and
the USA in 1964. It would be reasonable to assume
that the Irish level of ownership would at some
tuture date approach the level at present achieved
in the above-mentioned countries.

It is very likely that the calculated “intercept” will
continue to increase in future periods, This changing
value of the “intercept” does not mean that the
saturation level is changing. The saturation level is
a constant, which we are trying to estimate. The
changing value of the “intercept” does mean that
the “intercept” method is of very limited use in
estimating the saturation level.

These considerations lead to the tentative con-
clusion that the demographic age-distribution data
give a more realistic estimate of an Irish saturation
level. Nevertheless we place some credence on the
“intercept” method. We reduce the o-50 level
(given by the age-distribution method) and accept
a saturation level of o-45 private cars per capita
for calculation purposes.

1.5.6 Logistic Curve Projection

Equation (1.31) in footnote 11 is used to project
car ownership. When inserting values in Equation
(1.23) one problem concerns the current value of ,
where the current rate of growth of private cars per
capita equals 100r per cent. In normal circumstances,
one would insert the 1967 value, i.e. 0-058. However,
as can be seen from Table 1, the 1966 and 1967
values of 100r are abnormally low compared with
recent years, due to the marked slowing down of
economic growth which occurred in 1965 and 1966.
The average rate of growth of cars per capita in the
period 1962-67 was 84 per cent. per annum, and
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this was used for calculating r, giving a value of
0'084. The other values inserted in Equation (1.31)
are:

a = 0°450.

Y = o109 (i.c. cars per capita in 1967).
Based on these calcuations, the projected car
ownership rates in the period 1967-1985 are given
in Table 6.

TasLe 6: PROJECTION OF CAR OWNERSHIP, 1967-
1985 USING LOGISTIC CURVE

Year Private Cats per capila
1967 (actual) .. o109
1970 ‘e o139
1975 o188
1980 o258
1985 o316

How sensitive are the above projections to
different assumptions concerning the saturation
level ? If we were to work with a saturation level of
0-40 cars per capita, the projected owne rship in 1980
would be o-251, compared with the o-258 figure in
Table 4. If a saturation level of o-500 were used, the
projected ownership in 1980 would be 0-265. There-
fore in the period up to 1980, the projections are not
unduly sensitive to changing assumptions concern-
ing saturation level.

1.6 Household Car Ownership

Up to recently there has been a lack of information
on the relationship between household car owner-
ship and household income levels. The HBI 1951-52
{(CSO0, 1954) provides information concerning house-
hold expenditure on motor cars (including running
costs). These data are not used since they are out of
date and lack sufficient detail.

No time series data are available on car ownership
at the household level. Instead, we have information
from two recent analyses: the HBI 1965-66 and the
sample of farms used by An Foras Talintais for its
Farm Management Survey 1966/67. These two
sources complement one another to a certain extent
since the HBI is confined to urban areas. We use
information from these sources in order to determine
the proportions of private households in certain
income groups who own cars.

Firstly, we make some simple calculations on the
extent of car ownership at the household level,
based on CP data. It is necessary to exclude non-
private households from these calculations (among
the main categories of non-private household are
boarding house, hospital, boarding school and
religious institution). We estimate that the number
of private cars per private household in 1966 was
0-42; this is based on an estimated 693,000 private
households in 1965; in making this estimate we



deduct an estimated 10,000 cars which are attached
to non-private households.14

But even after correcting for non-private house-
holds, this figure of o-42 is an over-estimate, since
private cars are held by car-hire firms, by the motor
trade and also in business fleets. These cars inflate
the numerator (‘‘private cars™) and they do not cor-
respond to the denominator (‘‘private households’).

The extent of this over-estimate, and a general
check on the above household ownership figures,
may be obtained from HBI 1965-66 and from FMS
data. The HBI data are based on 4,759 returns from
private urban households. Any household co-
operating in the HBI which showed expenditure on
motor car insurance is regarded as owning a car or
cars. This information was specially provided by
CSO on request.

The following reservations need to be borne in
mind. Firstly, some of the households who register
expenditure on motor car insurance possibly own
more than one car. We do not know what is the
proportion of these multi-car households. There-
fore we cannot determine the exact number of
private cars per household from the HBI.

Secondly, when the car was used entirely for
business purposes it was not summarised in the
HBI. If used partially for business it was summarised
in the HBI. Therefore, our data do not reflect the
varying use made of private cars for business
purposes.

The FMS sample is a stratified random sample,
the farms being stratified by size groups. The
original sample consisted of 1,412 farms, but after
excluding farms under 5 acres, estates and certain
unsatisfactory record books, we are left with a
sample of 1,396 farms.

It is possible to derive a very approximate overall
weighted average of household car ownership,
using HBI and FMS data, The HBI data are based
on a larger sample and should be relatively more
accurate than the FMS data. An estimated 30 per
cent of urban households in 1965-66 owned a car
or cars (HBI 1965-66). Of the FMS sample, relating
to rural households, 43 per cent. owned a car or cars.
But this FMS figure is likely to be biased upwards
since (&) there was a high rate of substitution in the

UThere were 3°97 persons per private household in 1961,
excluding those living in non-private households (CP 1961).
The number of persons in non-private households in 1961 was
132,040, We assume that household size, and the number of
persons in non-private households, remain the same in 1966,
This leads to an estimate of 693,000 in private households in
1966 (compared with 676,000 in 1961). Having estimated the
number of private households in 1966, it only remains to
estimate the number of cars attached to non-private house-
holds in that year. This is done by arbitrarily assuming an
average of zbout 1'5 cars per non-private household. By
arbitrarily assuming that the average non-private household
size is 20 persons, we estimate that there were 6,600 non-
private households in 1966,

sample and (b) holdings under 5 acres are excluded
Suppose that the “true” figure for all rural house-
holds is 38 per cent, Using the numbers of rural and
non-rural households as weightsl® the overall
average proportion of car-owning households is
estimated at 34 per cent.

It is now necessary to allow for multi-car owner-
ship, Very little information is available on this
question in relation to Ireland, We make use of two
sources on multi-car households. Firstly, an analysis
from the Limerick Traffic Survey relating to 1967
shows that 45 per cent. of the households are car-
owning, of which 2 per cent. own more than one
car.1® This estimate is subject to a fairly wide
margin of error.

Secondly, we look at data for Scotland. This is the
British region which most resembles Ireland in
its economic characteristics. Also, Scotland has
the lowest car ownership of all the British New
Standard Regions.l? The 0-139 cars per capita in
Scotland in 1966 compare with the o:179 average
for all Great Britain and the o'103 average for
Ireland. In Scotland in 1966, 35:6 per cent. of the
households owned cars, of which 31'6 per cent.
owned one car and 3-¢g per cent. owned two or
more cars.!® This car owning proportion is quite
near the Irish figure. If one strikes a balance
between the Limerick and the Scottish data, a
figure of 3 per cent. of households owning more
than one car in 1966 seems a reasonable estimate.
We estimate, therefore, based on HBI and FMS
data, that 36 per cent. of Irish households owned cars
in 1966, of which 33 per cent. owned one car and
3 per cent. owned more than one car.

Using these figures, we obtain an estimated
0.39 cars per household in 1966. This can be
compared with the earlier estimate of o-42 cars per
household. The difference between the two figures
is equivalent to 20,800 cars. We assume that this
difference amounts to the number of cars held by
the motor trade, and in business fleets (although
more strictly, some portion of the difference is
probably due to errors of estimation).

1.7 Conclusions on Projection of Private Car
Ownership

In Appendix A, Section A.2, we look at the
relationship between car ownership and household

_ YThe weights are 365,800 (the number of households
included in the HBI) and 310,600 (total private households in
1961 less 365,800). The data relate to 1961 since the HBI was
based on household data from CP of that year. This should
not have too distorting an effect since it is relativities which
are important.

¥This estimate is based on unpublished data, obtained
specially from the Limerick Traffic Survey by ESRI and An
Foras Forbartha.

¥ This information relates to r965. Source : Central Statistical
Office (1967), Table 31.

¥Source: General Register Office, Sample Census 1966 :
Summary Tables.
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variables, based on HBI data. An attempt is made
to project car ownership, based on these data.
A further approach to car ownership projection is
made in Section A.3 of Appendix A which is
based on trends in new registrations per annum.
Of the different approaches which have been made
it is felt that the projections based on both HBI data,
and on new registrations are unreliable. This
is possibly because of a number of unrealistic
assumptions underlying these two projections.
Their estimates of future car ownership seem to be,
respectively, an underestimate (HBI) and an
overestimate (new registrations) of likely future
trends.

We concentrate on the two other methods.
The logistic curve projections (assuming a satura-
tion level of o-45 cars per capita) are consistently
higher than those made on the basis of regression
analysis, The logistic curve projections, with the
“regression” projections in brackets, are 0139
(0°126) cars per capita in 1970, 0188 (o'170) in
1975, 0-258 (o'221) in 1980 and 0'316 (0-274) in
1985. The differences between the logistic and the
“regression” estimates could be due to the margin
of error in the estimates. Another possible reason
for the discrepancy may be our use of a linear
regression equation which may underestimate the
likely future growth of car ownership.l® We have
little evidence on which method may be more
reliable. As a purely empirical rule, we choose a
projection midway between the two. This pro-
jection is given in Table 7, which also converts

#In this regard, for the period 1958-66, the regressions of
both log P on log D and of log P on log D_, give very high R*
(as can be seen from Table 2). Nevertheless it would not seem

justifiable to use a log-log relationship, established over such
a relatively short period, for projection.

the cars per capita into car numbers by using
estimates of the future demogra phic population.

TasLE 7: PROJECTION OF PRIVATE CAR NUMBERS,

1967-1985
Private Cars Private Car
Year per capita Population Numbers
‘o000
1967 (actual) 0109 2,802 314,400
1970 ©'133 2,950 392,000
1975 o179 3,084 552,000
98¢ 0'240 3,287 789,000
1985 0295 3,566 1,052,000

When estimating the demographic population,
the CSO projection published in Table 4 of NIEC
(1967) is chosen, as was done when assessing the
likely future demographic age distribution. This
CSO projection is adjusted upwards by 3,000 in
each year (since the 1966 out-turn was higher by
3,000 than the 1966 projection). The population
projections in the table are obtained by linear
extrapolation from the adjusted NIEC projections
(which do not relate exactly to the years we have
chosen).

Our projection of cars per capita implies an annual
average rate of growth of 6'85 per cent. per annum
in the 1967-1970 period; of 6-05 per cent. per
annum in the 1970-1980 period, and 423 per
cent. per annum in the 1980-1985 period, This
compares with the trend rates of growth of 8-8
per cent. per annum in the 1947-1967 period,
and ¢-5 per cent, per annum in the 1958-1967
period. The element of uncertainty, inherent in
any forecast, becomes very large when we look
beyond 197s.

2. PROJECTION OF GOODS VEHICLE OWNERSHIP

2.1 Introduction

Since 1957 the growth rate of total commercial
goods vehicles has been very moderate; between
1957 and 1967 the total stock of these vehicles
increased by only 5'6 per cent. A more significant
change has occurred in the distribution of goods
vehicles by unladen weight, which is shown in
Table C8. There is one difficulty with regard to
the interpretation of Table C8. In 1g6o the regula-
tions relating to the licensing of commercial goods
vehicles changed the definition of unladen weight
for licensing purposes. The Finance (Excise Duties)
(Vehicles) (Amendment) Act 1960 defined unladen
weight for the purpose of motor vehicle duty as
being inclusive of all additions (e.g. containers and
cattle bodies). This means that in a table such as
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Table C8, many goods vehicles “moved” to a
higher unladen weight class between 1959 and
1960. Therefore comparison between the dis-
tribution of vehicles by unladen weight before and
after 1960 is somewhat distorted.

Since 1960, there has been a marked change in
fleet composition. There has been a considerable
increase in the number of vehicles over 4 tons,
This gradual switch to vehicles of larger unladen
weight, and hence larger carrying capacity, is due to
the greater productivity of these vehicles. These
vehicles give significantly lower costs per ton-mile.

As with the projection of private car ownership,
it is necessary to make some basic assumptions
which underlie the projection of goods vehicle
ownership. The projections are made in the context



of the present licensing system for road haulage,
and the present CIE rail network. Any change in
the regulations governing road haulage licensing
would alter the “mix"” of traffic between rail and
road. However, it is quite possible, particularly in
the short run, that any change in road haulage
licensing arrangements would not significantly
affect the overall number of goods vehicles. Any
liberalisation of the licensing regulations would be
likely to result in a shift of traffic from rail to road.
Theoretically this could mean an increase in the
number of goods vehicles required to handle this
traffic. But this would be very problematic since
(@) the likely shift in traffic is a marginal one in
the context of total ton mileage;??(3) there must
exist a certain “‘surplus capacity” among the “‘own
account™ fleet at the moment. Under a liberalised
framework, this capacity might be taken up by,
for example, the filling of back-hauls.

In these projections no account is taken of the
possible impact of containerisation developments,
It is rather difficult to say whether the undoubted
increase of containerisation will affect goods vehicle
numbers. Theoretically, insofar as this development
would increase turn-around times for vehicles,
there would be savings in vehicle fleets. One is
uncertain whether this would happen in practice,
on a significant scale.

2.2 Method of Projecting Goods Vehicles

The total numbers of goods vehicles in past
years are of limited use for projections, since the
significant factor has been the changing structure
of the goods vehicle fleet. This changing structure
can be measured in terms of unladen weight or
can be estimated in terms of carrying capacity
(although no accurate figures are available from year
to year for carrying capacity).

A projection of goods vehicle numbers should,
if possible, be consistent with likely future trends
in road ton-mileage (from the demand side) and
carrying capacity (from the supply side). The basic
method is an iterative one, which depends on a
search for such consistency. We begin therefore
by estimating both ton-mileage and carrying capacity
for a number of recent years. These figures, together
with projections, are contained in Sections 2.3 and
2.4 respectively.

One source of difficulty is the conversion of the
projected goods vehicle numbers into ton-mileage
demand, and carrying capacity respectively. The
ton-mileage check is based on a simple identity:
annual ton-mileage equals the product of the num-
ber of vehicles by the product of weighted average
load carried per mile (abbreviated to average ioad,

#The relative road-rail shares of total ton-mileage are
discussed in Section 7.

and measured in tons) and average annual mileage
per vehicle. The conversion of vehicle numbers into
carrying capacity is done simply by multiplying
vehicle numbers by average carrying capacity. Rather
than perform these conversions for all goods vehicles
taken together, there are separate calculations for
each unladen weight class. This should make the
calculations more accurate. An obvious difficulty is
the selection of the two ton-mileage parameters—
average load and average mileage, together with
average carrying capacity, for future years, This is
discussed in Section 2.5.

The goods vehicle projections are discussed in
Section 2.6. Firstly, based on the trends since 1960,
a modified extrapolation is made of the number of
goods vehicles in each unladen weight class. Then
we check if this projection is consistent with (a) the
projected ton-mileage demand for road freight and
(b) the projected carrying capacity of the goods
vehicles.

This procedure leads to a modification of the
initial extrapolation and once again the implications
of the second extrapolation for ton-mileage demand
and for carrying capacity are assessed. This iterative
process is continued until the extrapolation of goods
vehicle numbers is reasonably consistent with both
projected ton-mileage demand and projected carry-
ing capacity.?l We also examine whether the pro-
jected pattern of light goods vehicles is consistent
with the cross-sectional results of Appendix B.

This iterative procedure is open to the criticism
that the projection of ton-mileage and of carrying
capacity is taken as “fixed” and that the extrapola-
tions of goods vehicle numbers are checked against
these projections, Admittedly the projections of ton-
mileage and of carrying capacity rest on fairly
tenuous foundations. It has only been possible to
use observations from 1960 onwards for the regres-
sion analysis, and have made highly simplified
assumptions concerning the future growth of GDP.
In addition, the actual “cbservations” of ton-
mileage and carrying capacity in each year since
1960 are no more than very approximate estimates,

But in the circumstances it seems best to check
against ton-mileage and carrying capacity; at the
least the two projections, one from the demand side
and the other from the supply side, provide an
independent check on the goods vehicle numbers.

A final test of consistency concerns the light goods
vehicles. These vehicles tend to be engaged in

*1There is one particular weakness in this approach. In any
one iteration, if for example a lower volume of ton-mileage is
required, there are many combinations of vehicle numbers in
the different unladen weight classes, which would generate this
ton-mileage given our parameters such as average load. A large
number of light vehicles or a small number of heavy vehicles
would generate the same ton-mileage. Therefore, in each
iteration we have tried to spread the possible changes in vehicle
numbers as evenly as possible over the unladen weight classes.
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certain distinctive types of activity and their projec-
tion is evaluated separately.

2.3 Estimation and Projection of Ton-mileage
Demand

In this section the ton-mileage of road freight
transport in each year since 1960 is estimated. This
ton-mileage is then projected forward. Estimates of
ton-mileage for the 1g60-1967 period must be based
on SSRF data for 1964. We assume that in each
year since 1960 ton-mileage per vehicle (within each
of five unladen weight groups) is equal to the 1964
estimate calculated from SSRF. An estimate of
total ton-mileage by road follows, by using the
numbers of vehicles in these unladen weight groups.
This method is used by Sexton (1966-67). Table 8
shows Sexton’s estimates for 1960-65, and our
estimates for 1966 and 1967,

Table 8 shows that estimated ton-mileage by
road increased from 722 million in 1960 to 1,222
million in 1967. These figures are obviously impre-
cise; we are limited by lack of suitable data on this
matter.

We now wish to build up projections of ton-
mileage. Ideally, for this one would use projections
of the growth rates of specific sectors in the economy.
This approach is not possible since no long term

projections of sectoral output are available. Instead,
some regressions of ton-mileage (T) on a number of
explanatory variables are tested.

A priori it is difficult to conceive of an ideal
explanatory variable. GDP is not wholly ideal, since
it is a measure of net output and excludes raw
materials and other intermediate goods. We test a
formulation with GDP plus imports as a composite
explanatory variable. Imports at constant prices are
added on to GDP in this composite variable. Im-
ports should generate a certain amount of ton-
mileage by road. We also test a formulation with
GDP alone as explanatory variable.?® Also we test
a maultiple regression, with volume of production
of transportable goods industries and the gross out-
put of agriculture as explanatory variables.

Both linear and log-log formulations of the regres-
sions are tested. The variables included are as
follows (their values in the 1960-67 period are
given in Table 8):

22Another possibility open to us was to construct a “‘trans-
port weighted” index of output of sectors in the economy, the
weights comprising the “sectoral” shares in total ton-mileage.
(A “transport weighted” index of production was constructed
for Britain by Glover, 1960.) This was not attempted, partly
due to the difficulty of including the agricultural and distributive
sectors in the “weighted index”.

TasLe 8: TON-MILEAGE AND CERTAIN ECONOMIC INDICATORS, 1g96o~1967

Index of Volume of Gross
GDP at constant | Index Number of Volume | Output in Agriculture,
Year Ton-mileage (1958) factor cost of Production in excluding value of changes
GDP at constant plus imports {at transportable goods in livestock, including
(1958) factor cost 1958 prices) industries (rgs3=100) turf (1953 =100)
1 Xe 3 Xy
(1) (2) (3) (4 (s) (6)
million £ million £ million
1960 72185 5381 7652 1260 112+6
1961 852:97 sboo 8196 1374 119-8
1962 947'92 379°9 8520 1462 120°I
1963 101178 5077 8988 153°5 1210
1964 104860 6308 gbg'3 1653 1227
1965 111064 6385 ggo-8 1742 120°1
1666 111169 6500 1003°0 1821 1257
1967 122207 6800 1052°'0 1984 1352
Souree: Col. (2) Sexton {(1966-67), p. 113 for 1960~1965; own estimates for other years.
., (3) NIE 1966, Table A.4 for 1960-1966; own estimate for 1967 based on Review of 1967 and Outlook for 1968
(Pr. 9992) Table 3 (b) and based on data on taxes and subsidies contained in NIE 1966, Table A.4.

. {4) for imports: Trade Statistics of Ireland.

. (5) ISB, September 1967, p. 195; data from CS50.

. (6) ISB, June 1967, p. 71; data from CSO.

T =ton-mileage

transportable goods industries

X,;=GDP at constant factor cost

X,=GDP at constant factor cost plus imports at
constant prices

X,=index number of volume of production in
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X 4=index of volume of gross output in agriculture,
excluding livestock numbers, including turf.

The following equations are derived:
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Of these equations, (2.2) seems to be the most
satisfactory. This equation has a higher R2 than any
other, and is free from serial correlation of the error
terms (this seems a reasonable deduction at the 5
per cent. level, although the Durbin-Watson table
does not tabulate d values for less than 15 observa-
tions).

Equation (2.2) is used to project ton-mileage. The
assumptions which are necessary concerning the
future values of the explanatory variable must con-
cern both GDP and imports. The share of imports
in this variable X, has risen from 29+7 per cent. in
1960 to 354 per cent. in 1967. The average com-
pound rate of increase of real GDP in the 196067
period was 3-4 per cent. per annum, and the average
compound rate of increase of real imports in the
same period was 7+4 per cent, per annum.

The following assumptions are made: for real
GDP, average increase of 4:0 per cent. per annum
in 196770, of 3-5 per cent. per annum in 1970-80,
of 3-0 per cent. per annum in 1980-85; for real
imports, average increase of 7 per cent. per annum
in 1967-70, of 6 per cent. per annum in 1¢70-80, of
5 per cent. per annum in 1980-85. On this basis, the
projection of ton-mileage is given in Table g.

TasLe ¢9: PROJECTED TON-MILEAGE, 1967-1985
Year Ton-miles (millions)

1967 (estimated) 1,222'07

970 .. .. . . 1,472

1975 .. .- .- . 1,934

1980 .. . .. . 2,519

1985 .. . .. a0 3,138

These projections are equivalent to an average
compound rate of growth of 5.9 per cent. per annum
in the period 1967-1975, and 49 per cent. per
annum over 1975-1985. This compares with a
trend rate of growth of 6-8 per cent. per annum in
the 1960-1967 period (calculated by fitting an ex-
ponential curve to the data, R%=-913).

2.4 Estimation and Projection of Carrying Capacity

2.4.1 Estimation of carrying capacity in past years

The only information which is available on the
carrying capacity of commercial goods vehicles
relates to 1964, the year of the SSRF.2 From SSRF
(Table 45), based on the relationship between
carrying capacity and unladen weight, the total
carrying capacity of the goods vehicle fleet in 1964
can be calculated for each unladen weight class,24
The average carrying capacity per goods vehicle is
given in Appendix C, Table Ci1.

As would be expected, the amount of carrying
capacity in relation to unladen weight increases

1*There is one reservation here—the carrying capacity figures
are sub{?ct to a wider margin of error than are other figures
in SSR

HTable 45 of SSRF gives a two-way frequency distribution,
unladen weight X carrying capacity. The number of vehicles
in each unladen weight class is multiplied by the estimated
average carrying capacity of each carrying capacity class. This
average is usually assumed to be the mid-point of the class
interval. But in some cases, the average carrying capacity is
more likely to lie towards the upper limit of the class interval.
The averages chosen (based on information from CSQ}) are as
follows: o5, 1'5, 3'0, 4'0, §'0, 65, 00, 13-0 (for unladen
weights up to and including 5 tons) and 14'5 (for over 5 tons
unladen weight). These correspond to the class intervals under
1, 1-2, 2=3, 3-4, 4=5, 57, 7-10, and over 10, respectively.
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markedly once the 2-3 ton unladen weight category
is exceeded.

This tabulation is now used to estimate total
carrying capacity in each year since 1g96o. This is
done by multiplying the number of vehicles in each
unladen weight group by the appropriate average
capacity, from the tabulation. The results are
given in Table 10.

Tapie 10: ESTIMATED CARRYING CAPACITY OF
COMMERCIAL GOODS VEHICLES IN IRELAND,

1960-1967
Average Carrying
T'otal Carrying Capacity per
Year Capacity (tons) Commercial Goods
Vehicle (tons)

1960 91,400 2'10
1961 102,300 233
1962 110,200 2:46
1963 115,000 2'55
1964 120,000 256
1905 125,900 261
1966 125,200 2:67
1967 133,200 2:90

The data in Table 10 are only approximate figures,
since (a) the basic 1964 figures are themselves
estimates, and () there is a margin of error due to
the application of the 1964 averages to produce
figures for other years. Over time there are technical
changes in the types of goods vehicles made. It is
likely that the goods vehicles being produced in
1967, of a given unladen weight, have a higher
carrying capacity than their counterparts in 1g6o.
If this is so, this table over-estimates carrying
capacity for the years prior to 1964, and under-
estimates it for subsequent years.

The estimated average carrying capacity per goods
vehicle, given in Table 10, has increased steadily
over this 1960-1967 period. Between 1960 and 1967,
the estimated average carrying capacity has in-
creased by 38 per cent. This is to be expected. It is
a reflection of the shift towards heavier goods
vehicles which was discussed earlier.

2.4.2 Projection of carrying capacity

Least squares regression is now used to try to
explain the growth of carrying capacity (C) in terms
of variables such as GDP. The independent vari-
ables {together with their algebraic symbols) which
were used in the ton-mileage regressions, are used
again here. Due to the multicollinearity which
became evident from the ton-mileage regressions,
multiple regression is not attempted on X4 and X,
(gross output in industry and in agriculture, respec-
tively). Both linear and log-log regressions are
attempted. The results are as follows:
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The most satisfactory results are in the regressions
on X, and on X, as independent variables. The
linear regressions on these variables give marginally
better results than the log-log regressions.

Equation {2.10), incorporating GDP plus imports
as explanatory variable (X,), seems to be the most
satisfactory one; this equation explains the highest
proportion of the variance in carrying capacity.

Equation (2.10) is used to project carrying
capacity. The same assumptions are made concerning
X, in future years, as were made when discussing

the ton-mileage projections. The projections are in
Table 11.

Tapre 11: PROJECTED CARRYING CAPACITY,

196%7-1985
Year Carrying Capacity (tons)
1967 (estimated) 133,200
1970 156,000
1975 146,000
1980 247,000
1985 300,000

These projections are equivalent to an average
compound rate of growth of 4-9 per cent. per annum
in the period 1967-1975, and 43 per cent. per
annum over 1975-1985. This compares with a trend
rate of growth of 50 per cent. per annum in the
196067 period {calculated by fitting an exponential
curve to the data, R%—-926).

2.5 Estimation of Parameters

The estimation of future average annual mileage
and average load is quite difficult. There are a
number of obvious cross-sections which help us
here: the Irish SSRF of 1964 and the three British
surveys since 1952. This approach, though inevit-



able, is not ideal. One would like to have more
observations than the four available from these
surveys and one would like to avoid the application
of British figures to Irish conditions.

Appendix C, Table Cg, compares average mileage
per goods vehicle in Britain and in Ireland. This
table shows that there is a reasonable similarity
between the Irish and the British patterns of average
annual mileage for the 2-3, 3-5 and over 5 weight
classes. There is a divergence between mileage in
the two countries for the under 1, and 1-2 classes,

‘The British figures show that annual average
vehicle mileage among all classes of goods vehicle
declined between 1958 and 1962. An independent
time series is also available which provides data of
annual mileage in Britain in each year since 1g6o.
This shows that average vehicle mileage has been
increasing steadily since 1962: from 12,700 in 1962
to 13,700 in 1967.25

On the basis of the information on average mile-
age, it seems best to simply apply the Irish 1964
figures over the projection period. There are not
enough data to justify assumptions of increasing
or decreasing vehicle mileage for vehicles of varying
unladen weights. The apparent increase in annual
mileage per goods vehicle in Britain has only
occurred since 1963, and this does not give enough
data for our purposes. Therefore in estimating
the future annual average mileage parameters,
we apply the 1964 values (in each unladen weight
group) throughout the projection period.

The data on average load are now examined.
Appendix C, Table C1o, compares Irish and British
figures. If one compares the 1964 Irish figures with
the 1962 British figures there is a reasonably close
similarity between their patterns of average load, in
corresponding unladen weight classes. ‘The British
figures show no marked trend over time, in average
load, in any of the unladen weight groups.

We assume that average load will increase in
future; this would be partly a reflection of the likely
increasing proportions of goods vehicles in the
heavier unladen weight classes. For unladen weights
up to 3 tons, the 1964 average loads are presumed
to hold. For the unladen weights of over 3 tons, the
1964 values are accepted in the period 1967-197s.
Values of 4-2 tons (for the 3-5 ton unladen weight
class) and 6-7 tons (for the over 5 ton class) are
presumed to hold in the 1976-1985 period.

Finally the data on carrying capacity per goods
vehicle are examined. Appendix C, Table C11 gives
this information for Ireland and for Great Britain.
This table shows very little tendency for average

“Highway Statistics 1967, Table 21. There is a discrepancy
between the estimate of vehicle mileage for 1962 of 9,000,
derived from the British Ministery of Transport Survey, and

the figure in Highway Statistics 1967 of 12,700 for 1962, This
could be due to a difference in definition,

carrying capacity to change markedly over time in
Britain. It is likely that average carrying capacity per
vehicle in Ireland will continue to increase in future.
This will be 2 reflection of the increasing proportion
of heavy vehicles in the goods vehicle fleet. This
likely increase in average carrying capacity should
be most pronounced in the higher unladen weight
groups where the class intervals are larger.

The following assumptions are therefore made
concerning the future course of average carrying
capacity: no change for unladen weights up to 3
tons; for vehicles of 3-5 tons unladen weight, an
increase of 10 per cent. between 1964 and 1970, of
10 per cent. between 1g70 and 1980 and of 5 per
cent., between 1980 and 1985; for vehicles of over
5 tons unladen weight, an increase of 20 per cent.
between 1964 and 1970; of 20 per cent. between
1970 and 1980, and of 10 per cent. between 1980
and 198528

2.6 Projection of Goods Vehicles, and Tests for
Consistency

Firstly, we examine how, over the period 1960-67,
the number of goods vehicles in each of a number
of unladen weight groups has been changing. This
period is chosen because of the change in the defini-
tion of unladen weight for licensing purposes,
already referred to, Initially the period 1960-67 is
examined, and the mean percentage change in the
number of goods vehicles in each unladen weight
class is calculated.2? For comparative purposes, and
despite the 1960 legislative change, the mean per-
centage changes for the 1950-67 period are also
calculated. The results of these calculations are
given in Table 12.

TasiLe 12: PERCENTAGE CHANGES IN GOODS
VEHICLE NUMBERS, BY UNLADEN WEIGHT
1950-1967

Mean Percentage Change in Goods
Unladen Weight Vehicle Numbers
Class (tons)
1950-196%7 1960~1967

(1) (2) (3)

% o
Under 1 +3-8c —1380
—2 +372 +r1138
z=—3 —373 —340
3—4 +12'90 +302
4—s5 +15°41 + 1829
5—7 .. +1310 +14-60
Over 7 .. +18:65 +1013

Source: Table Cg.

26To aid computation, the 1970-80 percentage increases are
halved in order to derive estimates for 1975,

#These are calculated according to the usual compound rate
of growth formula based on the end points (i.e. 1960 and 1967)
only: i.c. if amount Aj grows from Ao atr per cent. per annum,
then

r=a\VAr A 1
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There are very high rates of growth for vehicles
of 1-2 tons unladen weight, and of over 4 tons un-
laden weight, during the 1960-1967 period. But it
is unlikely that these high rates of growth could be
maintained very far into the future. Initially, when
we extrapolate the goods vehicle numbers, the
1960-67 percentage rates of growth are chosen for
the 1967—70 period, with the exception of a scaling
down for the 4-5 unladen weight group. When
projecting beyond 1970, the rates chosen for 1967-70
are scaled down somewhat.

These rates of growth result in certain projections
of goods vehicle numbers which, when combined
with the values of the parameters (average load and
average mileage) for each unladen weight class
which were discussed earlier, imply a certain ton-
mileage in each year. But although these growth
rates of vehicle numbers yield a total ton-mileage
for 1970 which is not remarkably higher than that
projected, the ensuing ton-mileage for 1980 is
excessively high when compared with our previous
projection. There are similar implications for future
carrying capacity—an excessively high carrying
capacity in 1980 when compared with the previous
projection.

The percentage rates of growth are therefore
scaled down and, after a number of attempts, the
combination of rates of growth in Table 13 is
arrived at, which gives satisfactory results.

TasLe 13: POSTULATED ANNUAL AVERAGE
PERCENTAGE CHANGES IN GOODS VEHICLES BY
UNLADEN WEIGHT, 1967-198s

Average Annual Percentage Change
Unladen Weight
(tons) 1967-1970 | 1970-1980 | 19801985
% Yo Ya

Under 1 —4 -3 —3
I—2 +7 +5 +4
2—3 . —3 -2 —3z
3I—4 .. +3 +2 +2
4—5 - +10 +5 +4
5—7 .- +10 +5 +4
Overy .. +8 +5 +4

On the basis of Table 13 (using our average load
and average mileage parameters), ton-mileage would
be 1,480 million in 1970, 1,780 million in 1975,
2,340 million in 1980 and 2,760 millien in 1985.

These figures are reasonably close to our projected
figures of ton-mileage. The 1970 ton-mileage is
practically identical with the earlier projection, and
the 1975 figure is 8 per cent. lower. The above 1980
and 1985 figures are, respectively, 7 per cent. and
12 per cent. lower than in our earlier projection.
The implications for future carrying capacity are
also satisfactory—i.e. g per cent. higher in 1970
than in our earlier projection, 8 per cent. higher in
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1975 and 1980 and 10 per cent. higher in 1983,
Given the margin of error inherent in the calcula-
tions, these discrepancies seem reasonable enough.

If one applies the rates of growth in Table 13 the
projection of goods vehicles given in Table 14 is
obtained, In this table an estimate of the future
number of steam-driven, electrically-propelled
vehicles and dumpers is added.

TasLe 14: PROJECTION OF GOODS VEHICLE
NUMBERS, 1967-10859

Unladen Weight | 1967 I
(tons) (actual) 1970 1975 1980 ! 1985

Under 1 21,100 | 18,600 | 16,000 |13,700 | 11,800
—z .. 8,500 | 10,500 | 13,400 | 17,100 | 20,700
2—3 4,000 | 3,600 | 3,300 | 3,000 2,700
3—4 5,200 | §,700 | 6,300 | 7,000 | 7,700
4—5 .. .. | 3,700 | 5,000 | 6,400 | 8,100 | g,900
5—7 .. .. | 1,800 | 2,300 | 3,000 | 3,800 | 4,600
Over 7 .. 700 goo | 1,200 | 1,500 | 1,800
Total 45,000 | 46,700 | 49,500 |54,100 | 59,200
Steam-driven

electrically-

propelled

vehicles and

dumpers goo | 1,100 | 1,600 | 2,000 | 2,300
Grand Total 46,000 | 47,800 | 51,100 | 56,100 | 61,500

Note: a—Column entries do not always add up to totals
due to rounding.

This projection does not constitute a large in-
crease in goods vehicle numbers. But it is dependent
on the continuance of the swing towards heavier
vehicles.

As a final check on the consistency of these pro-
jections, we consider the light goods vehicles. The
dividing line between “light vans” and other goods
vehicles is, to a certain extent, an arbitrary one. We
regard goods vehicles of 1% tons unladen weight or
under as being “light vans”.

In Appendix B, there is an analysis of the owner-
ship of light commercial vehicles in Irish counties.
In this Appendix, the ownership of goods vehicles
of 1 ton unladen weight or under is also examined.
The regressions in Appendix B use characteristics
of the retail trade and of service industry in general,
and also car ownership among a number of explana-
tory variables. This is done since many light com-
mercial goods vehicles are engaged in distribution or
are used as substitutes for private cars. In 1964, 29
per cent. of the registered goods vehicles of 1 ton
unladen weight or under were engaged in distribu-
tion (retail and wholesale), a further 25 per cent.
were not used for transporting goods during the
relevant survey week.?”® These latter vehicles—i.c.
those which did not carry goods—were in fact
passenger cars (e.g. station wagons) in many cases.*®

17sSSRF, Table 52,
2Gee SSRF, p. 25.



Fifty-four per cent. of the goods vehicles of 1-2
tons unladen weight were engaged in distribution
and 11 per cent. of these vehicles were not used for
transporting goods. Much of the work of these
“light vans” is of a short-haul nature. Over 70 per
cent. of the tonnage carried by vehicles of under 2
tons unladen weight is carried on lengths of haul
of 15 miles or under.2? This short-haul pattern is
consistent with the tendency to use many of these
vehicles for distribution and service industry work.

The results of the analysis in Appendix B are
fairly inconclusive, in terms of our a priori hypo-
theses.® The ownership of “light vans” of 1} tons
unladen weight or under is negatively correlated
with personal income per capita and positively
correlated with both private car ownership and with
urbanisation.

#38RF, Table 5.

¥There are also weaknesses in the choice of variables in this
Appendix. There is no explanatory variable which relates to
the wholesale sector of distribution.

It is possible to argue that the number of “light
vans” needed for distribution will not grow very
much in future years. This is because of the likely
economies of scale resulting from the operation of a
single combined fleet of “light vans” in certain
areas of distribution, especially in chain stores and
supermarkets, These economies of scale would be
accentuated by any trends towards vertical integra-
tion in these areas.3!

In summary, it is difficult to integrate the results
of the analysis of Appendix B with the projections
given in Table 14. The projection of the lighter
goods vehicles in Table 14 shows that vehicle
numbers of under 1 ton would decrease while those
of 1-2 tons would increase. This projection is not
necessarily disproved by Appendix B, and is
accepted, in the absence of more detailed infor-
mation on the determinants of “light vans”
ownership.

#1'This line of reasoning is due to R. J. Tarling,

3. PROJECTION OF OTHER VEHICLE OWNERSHIP

3.1 Motor Cycles

3.1.1 Introduction

The number of motor cycles in Ireland increased
from 4,600 in 1950 to a peak of 52,200 in 1964 and
then declined to 45,700 in 1967 (Appendix Table
Ci). While motor cycle ownership in Great Britain
increased steadily from 1950 to 1960, there has been
a pronounced decline in ownership since 1960. The
Irish pattern has been one of steady growth between
1950 and 1964 but of decline since 1965 (Table 15).

TaBLe 15: MOTOR CYCLES PER CAPITA: IRELAND
AND GREAT BRITAIN, 1947-1967

Year Ireland Great Britain
(1) (2) (3)
1947 o016 '0o0h
1948 ‘0017 ‘o113
1949 0018 0133
1950 0020 ‘0153
1951 0022 0173
1952 0027 ‘0193
1953 0038 0211
1954 ‘00351 ‘0231
1955 0073 ‘0253
19356 ‘0og2 0266
1937 ‘0099 0204
1958 ‘0107 ‘0302
1959 ‘0120 0343
1960 0146 0305
1961 o162 0364
1962 0171 ‘0359
1963 ‘0174 0354
1964 0183 ‘0349
1965 ‘0181 ‘0322
1966 ‘0163 0281
1967 ‘o158 ‘0269

Source: Col. (2)—8A; DLG Annual Census. Col, (3)—
British Road Federation, Basic Road Stats. 1967; MDS, May
1968.

3.1.2 Projection of motor cycle ownership:
general discussion

Motor cycle ownership must depend to a con-
siderable extent on taste factors, and on patterns of
cross-substitution between motor cycles and private
cars, Also, the relationship between motor cycle
ownership and income is, most likely, a complex
one. It is possible that there is a “‘threshold” effect:
i.e. until a country reaches a certain level of income
per capita motor cycle ownership increases, but
once this income level is reached durables such as
private cars are substituted for motor cycles. Some
data given in Maizels (1959) indicate that in coun-
tries with a high income per capita, motor cycle
ownership tends to decrease with income. This
implies that a motor cycle is an ““inferior good”
in these countries. Maizels’s data also indicate that
in less-developed countries, ownership tends to
increase with income.

A different approach is provided by Tanner
(1965) who argues—based on a cross-section of
countries, but without any precise statistical testing
—that motor cycle ownership tends to be greatest
in countries with about o-1 other vehicles per capita.
This implies that when the ownership of other
vehicles exceeds this figure motor cycle ownership
tends to decline. This hypothesis seems to be
approximately borne out by the Irish experience.
Motor cycle ownership reached a peak in 1964 and
has been declining since that year, and the number
of other vehicles per capita exceeded o1 for the
first time in 1962,

A certain amount of hypothesis testing with
23



regard to motor cycle ownership is attempted in this
paper. We look at three cross-sections. The first is
a cross-section of countries, the second a cross-
section of Irish counties, and the third draws on
HBI data.

3.1.3 Cross-section of countries

One of the difficulties concerning international
comparisons of motor cycle ownership is the paucity
of data. Some information on ownership is available
in the Anmnual Bulletin of Transport Statistics for
Europe 19635, but this would not provide us with
very many observations.

Table Ciz gives information on motor cycle
ownership in a cross-section of 29 countries. 4 priori,

we expect that motor cycle ownership is negatively
correlated with income, and that it is positively
correlated with population density. A positive cor-
relation with population density is the opposite to
what was expected in the car ownership regressions;
it is a reflection of the advantages, such as mobility,
of a motor cycle in urban conditions.

A number of equations are tested by least squares
regression, where:

MC = Motor cycles per 1,000 persons in 1965.
X, = National income per capita (£) in 1965.
X, = Population density (persons per square
kilometre) in 1965.
The following are the results of the regressions:

R2
(3.1) MC=2-568+0005156X,+003201X, .
(0-002812) (0r02133) 97
(3.2) MC=j51224+0005625X, s
(0-002864) 5
(3.3) log MC= —4-584 +0-8584 log X, +02319log X, 6
(cog23)***  (coroan**
(3-4) log MC= —3.624 108463 log X, 687

(or10gB)***

The most satisfactory equation in the statistical
sense is Equation (3.3). There is quite a high R2 for
a cross-section, and the coefficients of both national
income per capita and of population density are
significant. But the sign of national income per
capita is positive, which is not what was expected.
The sign of population density is positive which is
what was expected.

3.1.4 Cross-section of Irish counties

The basic analysis is contained in Appendix A. In
general, the results of that analysis show that motor
cycle ownership is positively correlated with income
per capita (contrary to expectations). The signs of
otler significant variables agree with our a priori
expectations—the proportion of non-agricultural
population in a high social group (negative sign),
population density (positive) and urbanisation
(positive).

3.1.5 Motor cycle ownership in Irish households

From HBI 1965-66, it is estimated that 6-2 per
cent. of households in Ireland own motor cycles.
Table 16 shows motor cycle ownership in Irish
households by disposable income group. There is no
regular pattern of decreasing or increasing ownership
as income increases.

There are at least two main reasons why this table
may be misleading. Firstly, the reservations made in
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Appendix A concerning the interpretation of a table
such as this need to be borne in mind--i.e. the
difficulties with regard to understatement of income.
Secondly, one needs to study household size, since
this can influence patterns of motor cycle ownership
independently of the influence of income.

TasLE 16: MOTOR CYCLE OWNERSHIP IN HOUSE-
HOLDS, 1965—1¢66: HBI DATA

Disposable Household Income | Percentage of Households
per week Which Own a Motor Cyclea
£ %

Under 4 09

4—47 21

7—10 31
10—1I5 67
15—20 71
20—25 68
25—30 509
30—40 106
40—50 10°1
Over 50 85

Note: a—It is not known what proportion of these house-
holds own more than one motor cycle.
Source : HBI 1965-006.

We now test regressions based on HBI data
contained in Appendix C, Table C6, similar to the
car ownership regressions tested in Appendix A. The
dependent variable is now the proportion of house-
holds which own a motor cycle. The regression



analysis is based only on the grouping by Disposable
Household Income x Household Size. All the
results are not presented (although are available on
request), and the following equation is the most
satisfactory:

(3-5) Y = 2:005-+0-009X,+ 0-637X,
(0-002)** (0-250)*
R? = -653

where: Y = proportion of households which own
a motor cycle (%);
X = average income per household (shillings
per week);

X, = average number of persons per house-
hold.

In equation (3.5) both coefficients are significant
and there is a reasonably good R2. There is a positive
coefficient for household size: this is what we had
expected. But the sign of the income variable X,is
the opposite to what we had expected, being positive.

3.1.6 Summary of empirical analysis and derivation
of projection

It has not been possible to deduce that a motor
cycle is an “inferior good” from either the cross-
sectional regressions or from Table 16 (based on
HBI data). The empirical evidence seems to point to
a contrary conclusion: the income coefficient is
positive and significant in the cross-country regres-
sion, the Irish counties cross-section, and in the
Irish household cross-section.

The following @ priori hypotheses are, however,
borne out by our analysis. From the cross-section
across countries there is a positive relationship
between motor cycle ownership and population
density. From the Irish counties cross-section there
seems to be a positive relationship between motor
cycle ownership and both population density and
urbanisation. There is also a significant, and positive
coefficient of household size in the Irish households’
regression.

It is therefore difficult to relate these findings to
the theoretical case that the motor cycle is an
“inferior good”, or to the fact that mator cycle
ownership has been declining in Ireland since 1964,
and in Britain since 1960, There are likely to be
conflicting tendencies at work. The relationship
between motor cycle ownership and income may
depend on the actual income level of the country in
question. If motor cycle ownership is positively
correlated with population density and with urban-
isation, then increasing urbanisation could serve as
a counterbalance to possible effects of the “inferior
good”” hypothesis.

The other hypothesis mentioned in the text

(derived from Tanner 1965) is based on the number
of vehicles other than motor cycles, per capita. If this
hypothesis is accepted then one could project a
decrease in motor cycle ownership.

The final choice is a subjective one, to an extent,
We assume that the decline in ownership since 1964
will continue, at a relatively mild rate. It is assumed
that ownership will decline to the levels shown in
Table 17. In deriving the motor cycle numbers, the
population projections used at the end of Section 1
are again accepted.

TasLE 17: PROJECTION OF MOTOR CYCLES,

1967-1985
Motor Cycles Motor Cycle
Year per capita Numbers
1967 (actual) o'or58 45,700
1970 o015 44,000
1975 o014 43,000
1980 0012 39,000
1983 Q011 39,000

3.2 Agricultural Tractors

The number of licensed agricultural tractors
increased from 5,700 in 1947 to 34,400 in 1957 and
55,900 in 1967%2 (Table Ci1). This growth is a
reflection of the substitution of capital for labour in
Irish agriculture. The number of agricultural
tractors per head of persons at work in agriculture
(including forestry and fishing) increased from 0°049
in 1954 to 0117 in 1962 and 0-168 in 1966.33

Over the period 1950-1966, the number of
agricultural tractors has risen by 44,200 while the
number of persons engaged in agriculture has
decreased by 185,000.3¢ The trend rate of growth of
agricultural tractor numbers in this period is 9*7 per
cent. per annum (R2 = -943).

We assume that the number of agricultural tractors
will continue to grow, but at a reduced proportional
rate (since the expansion will be on a continually
widening base). We assume for the projection that
the growth of agricultural tractors will average 6 per
cent. per annum in the period 1966-1970, 4 per cent.
per annum in the period 1971-1975 and will
gradually stabilise after 1975. On this basis we
estimate that the number of agricultural tractors wil]
increase from 55,900 in 1967 to 79,000 in 1970,
92,000 in 1975, 100,000 in 1980 and 110,000 in 1985,

*2In June 1966 the total number of tractors on Irish farms
(Source : C50) was 64,200 compared with the figure of 55,500
at August of that year given in Table Cr. The reason for this
discrepancy is that tractors for use entirely on the farm are not
licensed. We make use only of the data on licensed tractors,

3Source: Appendix Ci1; Economic Statistics issued prior to
the Budget.

MCS0, The Trend of Employment and Unemployment ;
Economic statistics issued prior to the Budget.
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3.3 Other Vehicles

The projection of these vehicles is shown in
Table 18. These vehicles are in the following
categories:

3.3.1 Public service vehicles (six seats and under)

Public service vehicles of six seats and under are
taxis, and their number declined steadily between
1957 and 1965, but increased again in both 1966 and
1967. The decline presumably occurred outside the
cities, due to the competition of private transport.
We assume that taxi numbers will remain stable in
future.

3.3.2 Public service vehicles (over six seats)

These are omnibuses. Their numbers have
gradually increased from 8co in 1947 to 1,400 in
1957 and 1,800 in 1967. Most of these omnibuses are
owned by CIE. The future numbers of these
vehicle depends partly on public policy (e.g.
attitudes to road pricing or to the curbing of private
car usage in cities). The gradual increase in omnibus

numbers should continue. Allowance has also been
made for the increased number of CIE ’buses
required to operate the free school ’bus plan from
1967 onwards-—i.e. 230 special school *buses.*

3.3.3 General haulage tractors

These tractors have been increasing steadily in
recent years (from 420 in 1958 to 830 in 1967). An
approximate linear extrapolation of these figures is
used to obtain the projection.

3.3.4 Exempt and miscellaneous vehicles

The vehicles exempt from Road Tax include
vehicles owned by diplomats, vehicles owned by the
State, ambulances, road rollers and fire-engines. For
these exempt vehicles and the “miscellaneous”
vehicles (which include hearses and excavators) an
approximate linear extrapolation of past trends is
used for the projection.

%Deputy General Manager of CIE, quoted in Irish Times,
29 November, 1967.

TasLE 18: PROJECTION OF OTHER VEHICLES 1967-1985

Public Service Vehicles
General Haulage Exempt from Miscellaneous

Year 6 Seats or Qver 6 Tractors Road Tax Vehicles Total

under Seats
(1) (2) (3) {4) () ) 10))
1967 4,100 1,800 Boo 5,600 1,700 14,100
1970 4,000 2,200 1,000 6,000 1,600 15,100
1975 4,000 2,400 1,300 7,000 2,400 17,100
1980 4,000 2,500 1,500 8,000 2,900 18,900
1985 4,000 2,700 1,800 9,000 3,400 20,000

4. PROJECTION OF TOTAL VEHICLE OWNERSHIP

In this section an independent projection of total
vehicle ownership is made based on explanatory
variables. This is compared with the global projec-
tion derived from summing the earlier projections
for various types of vehicle.

The total number of vehicles in Ireland has
increased from 253,100 in 1947 to 476,000 in 1967
(Table Cr). We postulate that total vehicle owner-
ship is related to GNP per capita. The latter variable
is a general indicator of economic activity. As in the
regressions explaining private car ownership, a time
trend is also introduced.

The hypothesis takes the following forms:
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V = ag+aNP{ast+u
log, V = By+B, log, NP +85t+u

where: V = total vehicles per 1,000 persons;
NP = gross national product per capita at
constant {(1958) market price (£);
t = time — o at 1g47.

The basic data for the regressions are given in
Appendix C, Tables Cz and Ci13; the following are
the results of the regressions (in a few cases where
regression coefficients are quite insignificant, “d”
statistics are not computed).



(4.1)

V= —71-28405728NP +3-643¢

(0'0g678)***(0-5406)*#* 996 o-gr
42 VEssi764 —?;:;;ég)l;a## ‘984 o75
(4.3) log V=4-875 —0-2511 log NP +0-08¢79¢ 981
{o-6712) (o-0168g)***
(4.4) log V= —13-2043-268 log NP 950 o2

(0'1766)%%

The equation which has both NP and ¢ as
independent variables gives a very good fit and both
coefficients are highly significant. But the “g”
statistic indicates positive serial correlation of the
error terms, at the 5 per cent. level. The equation is
also likely to be unstable, since there is high inter-
correlation between NP and ¢ (coefficient of correla-
tion r = -979). Serial correlation is also present in
the equation which incorporates V and NP.

In Equation (4.3), the coefficient of log NP is non-
significant (this is consistent with the high inter-
correlation between log NP and ¢). Equation (4.4)
gives a good fit to the data but again there is strong
evidence of positive serial correlation.

Some formulations using lagged NP and using
first diflerence transformations are now attempted.
The following are the results of these regressions:

Original data
R 4
(4-5) V=—72:90+0'591sNP—, +3-702¢ . _
(0'0868)***  (0r4763)*** 996 o091
.6 V=—1981+1-250NP—
(46) i (0'02988)**1* ‘983 o071
. V=—1835+1309NP—
#2) 3 sty 975 089
(4-8) V=—179"5+0'5755NP +06652NP—; : .
(02724)* (02792)* 987 o4z
(4.9) log V=3408+0'0424 log NP, 40793t 087 o
(0.5157) (0.0129)*ﬁ* 9 7 33
.10} log V=—12-27+ 17160 log NP~
(#:10) . = (g.1642)#gu 1 ‘956 o032
1) log V=—1221+3'118 log NP-
S L (oxbgqoes 957 048
First differences
(4.12) AV=5264 + 02659 ANP . )
(4.13) Alog V=0'03089+06335 A log NP 0982 069

(0°4655)

Equation (4.6), in which NP~ is the independent
variable, has a very high R2. But there is evidence of
positive serial correlation of the errors at the 1 per
cent. level. All the other equations using original

data have serially correlated error terms (at the 5 per
cent. level). In addition, Equation (4.8) is un-
satisfactory because of high intercorrelation between
NP and NP~ (coefficient of correlation » = -gg1).
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In the first difference equation incorporating 4V
and ANP, the coefficient of ANP is all but significant
at the 5 per cent. level—although this coefhicient is
changed markedly from that of NP in Equation (4.2).
But the R2is quite unsatisfactory.

As in the section on car ownership we now use
transformations which try to overcome the serially
correlated errors.3® The following equations are
obtained for the transformed variables:

R d
(4-14) V' = —67:50+1176NP’
(0.0720)¥"* .940 1.52
(4.15) (log VY = —1-099+-1-869(log NP)’
(0-2783)%** 726 148

38Each transformation again assumes a first order auto-
regressive system, For the linear regression V on NP, the
estimate of p the autoregressive coefficient is § = 0'618. For
the regression of log V on log NP, § = o-827. Values of o6
and o8 respectively are used for the transformations.

Equation (4.14) has a satisfactory R? of -g40. The
coefficient of NP is changed slightly from its value in
(4-2). As one would expect, the main effect of the
transformation has been to alter the standard error
of NP, which is almost doubled compared with (4.2}.

Since the constant —67-50in Equation (4.14}is an
estimate of (1 —p), the equation may be restated in
terms of the original variables as follows:

(4.16) V = —168-8+41-176NP

(0-0720)%**

As was done in the case of private car ownership,
we now examine the case for taking account of a
possible structural change in the economy since 1958
which may have led to an upward shift in our
relationships. Once again the original twenty-year
observation period is divided into two periods
1947-1957 and 1958-1966. The slope coefficients for
these periods are in Table 19, together with R%and d
atatistics.

TaBLE 19: VEHICLE OWNERSHIP REGRESSIONS SLOPE COEFFICIENTS 1947-1957 AND 1938-1966
. . ; 1947-1957 1958-1066
Variables in Equation
Slope Slope
Coefficient R? d Coeflicient R® d
V,NP 1287 ‘941 071 1'037 978 1-oI1
V,NP, 1°229 ‘958 1-05 1039 988 1-g6
log V, log NP 4'535 077 1-40 2059 ‘986 1-37
log V, log NP -, 3998 983 174 2017 985 2-01

Table 19 shows that the coefficients of both NP
and of NP—, have decreased in the second of these
periods. Therefore, we do not accept that there has
been an upward shift in the relationships.

Finally, similarly to our procedure in the car
ownership regressions, we test whether there has
been a change in the intercept, in the function
relating vehicle ownership to national product, with
the slope coefficient remaining the same, This is
tested by again introducing a dummy variable,

called S. This variable equals zero for each year from
1947 to 1957 and equals 1 for each year from 1958
to 1966,

The hypothesis now is that:

V = aytaNPteS4w
and similarly for lagged values of NP and for log-log

forms of the regressions. The results of the re-
gressions are as follows:

R? d
(417) V=—159'8 *(;;zigf*jé;gg)s 986 068
(418) V- ‘5“'27;:§Z§§§5;1+E;fg;’ss)m 992 149
et e
(4-20) log V= —10-71 +2-810(log NP)-,+ 0120183 ‘963 038

(or2612)%**
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Equation (4.18) gives a very good fit to the data.
The “d" statistic lies in the indeterminate region at
the 5 per cent. level (though near the upper bound
of this region).3 There is also intercorrelation
between NP-—, and S (coefficient of correlation
r = 797)-

"The choice lies between the use of Equation (4.16),
i.e. the equation obtained by means of the transfor-
mation, and Equation (4.18) in which the dummy
variable S is incorporated. Equation (4.16) is chosen,
both because of its satisfactory “d” statistic and
because it is free from the slight problem of multi-
collinearity evident in Equation (4.18),

The assumptions concerning the future growth of
GNP per capita are in line with those already made
for real disposable personal income per capita and
GDP—i.c. 4 per cent. per annum in the 1967-1970
period, 3-5 per cent. per annum over 1970-1980 and
3-0 per cent. per annum over 1980-1985. As a basis
of comparison, in the 1958-1966 period, the trend

*The Durbin-Watson upper bound coincides in this case
with the exact bound given by Theil and Nagar (1961).

rate of growth of real GNP per capita was 3'5 per
cent. per annum (R? = -g72),

The resulting projection of vehicles per capita
is given in Table 20, together with the correspond-
ing vehicle numbers, making the usual assumptions
regarding the future population levels. In this table
it is compared with the “global” projection obtained
simply by adding the projections already made for
each type of vehicle, This global projection is
illustrated in Chart 5 for the main vehicle categories.

The projection of total vehicles obtained from the
regression model is consistently higher than the
“global” projection. The discrepancy increases over
time: the proportionate difference is one of g per
cent. in 1970, for example, compared with 16 per
cent. in 1975. Thus the two methods are in
reasonable accord with one another. The “global”
projection should be more accurate, since when
deriving it we took account of the factors influencing
the ownership of each type of vehicle. Part of the
difference between the projections is due to the
margin of error inherent in these calculations.

Tapre 20: PROJECTION OF VEHICLES, CLASSIFIED BY TYPE OF VEHICLES, 1967-1985, TOGETHER WITH
PROJECTION USING REGRESSION ANALYSIS.

Projection Using
Regression  Analysis
Commercial
Private Goods Motor Agricultural Other Total Total
Year Cars Vehicles Cycles Tractors Vehicles Total Vehicles Vehicle
per capita Numbers
‘o000 ‘000 'o00 ‘000 ‘ooo ‘000 ’ooo
1967 (actual) 314 46 46 56 14 476 o163 476
1970 392 48 44 79 13 578 o213 628
1975 552 51 43 92 17 755 o284 846
1980 28¢ 36 39 100 19 1,003 o369 1,213
1985 1,052 62 39 110 21 1,284 0°455 1,623

3. VEHICLE MILEAGE ON IRISH ROADS

5.1 Introduction

"This section estimates the total vehicle mileage on
Irish roads in a number of recent years, estimated
separately for each type of vehicle. This information
will show how the utilisation of vehicles (as measured
by average mileage performed per annum) is
changing over time, and it will also serve as a basis
for estimates of road passenger mileage (to be made
n Section 6).

The most satisfactory method of estimating

vehicle mileage is to use data from traffic counts at
points which are scientifically located on the road
network. Such traffic count data have not until
recently been collected in Ireland. From the
beginning of 1968 a system of sample counts with
mechanical counters operates which will eventu-
ally provide an estimate of vehicle mileage on 3,000
miles of arterial and through routes.

Some data on vehicle mileage in Ireland in 1964,
based on traffic censuses, are given in O'Keeffe
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CuarT 2: TOTAL VEHICLES BY MAIN CATEGORY OF VEHICLE, 1960-1985
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(1965a). These data®® show that the total estimated
vehicle mileage on Irish roads in 1964 was 4,77%
million. This estimate excludes the four County
Boroughs of Dublin, Limerick, Waterford and Cork,
One can deduct 650 million vehicle miles from
O’Keeffe's figure, as an estimate of pedal cycles’
vehicle mileage, and 50 million as an estimate of
tractors” vehicle mileage (source for adjustments:
draft report for An Foras Forbartha by R, Hearne),
This leaves 4,075 million as an estimate of vehicle
mileage.

The data in O’Keeffe (1965a) show that vehicle
mileage per mile of road in Ireland varies consider-
ably among counties. The counties with the higher
vehicle mileage per mile of road are Dublin (which
has over three times the national average), Louth,
Kildare and Laoighis; those with the lowest vehicle
mileage are Sligo, Leitrim, Mayo and Roscommon.

5.2 Utilisation of Fuel Consumption Data

In the following sections we use data on fuel con-
sumption, supplemented by direct information
concerning vehicle mileage of goods vehicles and
omnibus passenger services, to estimate total vehicle
mileage on Irish roads in a number of years since
1958. The years chosen are 1958, 1961, 1964 and
1966. In these estimates, both general haulage
tractors and agricultural tractors are excluded, as are
steam-driven, electrically-propelled vehicles and
dumpers, vehicles exempt from Road Tax, “miscel-
laneous vehicles” (as defined in Section 3.3), and
motor coach services.

The fuel consumption method is based on a simple
identity: if V = number of vehicles, ¢ — average
fuel consumption per vehicle (gallons per mile),
M == annual average mileage travelled per vehicle
and F = total fuel consumption by vehicles per
annum, then:

VeM o0 F.

Values of V (for each category of vehicle) and F are
available, and it is possible to estimate values of ¢ for
various classes of vehicle. It is therefore possible to
estimate M, the unknown in the identity.

The fuel consumption method is necessarily
approximate, since one must utilise average figures
of fuel consumption for various classes of vehicle,
and since the average fuel consumption of any one
category of vehicle (classed for example by cubic
capacity) can change over a number of years. There
may also be a “leakage” of fuel due to its being used
other than in propelling vehicles.

#The data of O'Keeffe (19635a) are partly based on a census
in 1963 which was taken at 1,200 points on the ¢,c00 mile
existing main road network. O'Keeffe uses this census for data
on 3,000 miles of arterial and other through routes. He supple-
ments it with information from a 1965 census which covers the
remaining 48,000 miles of the rural road network. The 1965

census was a 10 per cent. sample of all the 22,000 individual
sections in the 48,000 mile network (see O'Keeffe 1963a).

This method is a highly simplified one and the
absolute estimates of vehicle mileage are subject to a
wide margin of error. The estimates should be more
reliable in providing an indication of how mileage
per vehicle changes from one year to another, than
in giving an accurate absolute mileage figure.

5.3 Vehicte Mileage in 1964

5.3.1 Introduction

We begin by making estimates of vehicle mileage
for 1964. These estimates are more accurate than
those for any other year, since 1964 is the reference
year of SSRF which gives an accurate estimate of
the vehicle mileage of goods vehicles.

In this analysis we ignore some practical diffi-
culties:

(a) A problem is created by traffic across the
Border. Travellers from the Six Counties
purchase petrol in the Republic, and the con-
verse also holds. There may not be an exact
correspondence between petrol purchased, and
vehicle mileage performed, in the Republic.

(&) There may be some petrol consumed by omni-
buses or by agricultural tractors.

5.3.2 Petrol consumption of cars and motor cycles,
1964

The first step in estimating vehicle mileage via
fuel consumption data is to estimate the average fuel
consumption of the vehicles in question. Table 21
outlines the number of private cars and taxis,
distributed according to cubic capacity, in 1964,
together with the average petrol consumption relat-
ing to each category of car.3?

TasLe 21: FUEL CONSUMPTION BY PRIVATE CARS
AND TAXIS 1964

Tvpe of Vehicle Number of Average Petrol
Vehicles | Consumption (gallons
per mile}
(1) (2) (3)
Private Cars :
Horse Power
Ower Not Ower
8 102,018 ooz;
8 10 99,999 0'031
10 12 29,579 0039
12 14 16,674 ©'040
14 16 1,800 0'041
16 20 1,729 0046
20 24 1,894 o052
24 8o1 o067
Taxis 3,426 o o5d
Private Cars and Taxis 257,020

Note: a—This is an arbitrary estimate.
Senrce : Col. (2): DLG, Annual Vehicle Census.

_ ¥The assumptions concerning the average petrol consump-
tion of taxis follow Chandler and Tanner (1958) and Reynolds
{1962).
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It is necessary to make allowance for the fact that
utilisation (in terms of annual mileage per annum)
varies for cars of differing size. No Irish data are
available on this question, but some recent British
data are given in Table 22. As one would expect in
general the larger the car the greater its annual usage.
Two groups of vehicles run counter to this trend—
the 1,201-1,400 and the 2,001-2,500 c.c. groups.
This is puzzling; it may be due to these two size
groups in Britain having a higher than average
proportion of old cars andfor a lower proportion of
employer-owned cars (which are relatively more
intensively used than are privately-owned cars).

TaBLE 22: ANNUAL VEHICLE MILEAGE BY ENGINE
SIZE OF CAR IN GREAT BRITAIN 1963

Engine Size {(c.c.) Annual Vehicle Mileage
(weighted average)

Up to 1,000 7,318
I,00I-1,200 8,246
1,201-1,400 6,972
1,401-1,600 8,333
1,601-2,000 9,172
2,001-2,500 6,847
2,501-3,000 9,155
3,001 OF over 10,606

All Cars 8,022

Source : NTS 1965.

Although the cubic capacity class intervals in
Table 22 do not exactly correspond in all cases with
the class intervals in Table 21 (using the standard
conversion factor: 125 c.c. equals one horse power),
they are broadly comparable. The data in Table 22
are used to weight the figures of average petrol

consumption given in Table 21, in order to calculate
a weighted average petrol consumption per vehicle.
This weighting pattern is obviously not an ideal one
for Irish conditions. But although the annual usage
of vehicles in each size group must differ between
Ireland and Britain, the relative average usage
between each size group should be fairly similar in
each country.

A weighting for taxis is also used; following
Booth?? the arbitrary assumption is made that taxis
tun three times as many miles each year as other cars.

Based on Table 21, the weighted average petrol
consumption of private cars and taxis in 1964 is
00315 gallons per mile. A final adjustment is
necessary to correct for the likely over-estimation of
fuel consumption. The figures quoted are unlikely
to be achieved in practice, due to the decreasing fuel
economy of older cars, and due to varying driving
techniques, for example. The average fuel con-
sumption is therefore increased by an arbitrary
10 per cent.—i.e. to 0-035 gallons per mile.

Table 23 gives data on fuel consumption of motor
cycles in 1964. It is assumed that the larger the
capacity of a motor cycle, the greater is its utilisation
in terms of annual mileage. Consequently an addi-
tional parameter ® is introduced, in order to
calculate a weighted figure for petrol consumption.
The choice of weights is to a certain extent arbitrary.
Figures of average petrol consumption for various
categories of motor cycle are Road Research
Laboratory estimates quoted in Chandler and
Tanner (1958).

“Booth, J. L. (1967), p.34.

TaBLE 23. FUEL CONSUMPTION BY MOTOR CYCLES 1964.

Average Petrol Con- Total Petrol Consumed
Number of Motor sumption (gallons per per Mile by Motor Cycles

Cubic Capacity Cycles mile) Weighting Factor (gallons)

(1) (2) (3) 4) (5)
rs5o and under 43,320 00083 1 360
I151—250 7,410 G OITI +tw 82 (14w)
Over 250 950 00154 12w 15 (1-42w)
Total 51,6808 457+ 11280

Nete : a—The slight discrepancy between this total of motor cycles and the figure given in Table Ci1 for 1964 is accounted
for by a certain number of tricycles and other miscellaneous cycles.

Source : Information frormn C80; Chandler and Tanner {1958).

Based on Table 23 the average petrol consumption
of motor cycles in 1964 is:

457+ 1120

gallons per mile.
51,680+9,3100
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The denominator in the above expression is the
sum of the figures in Col. (2), each being multiplied
by its appropriate weighting factor. For various
values of =, the average petrol consumption of
motor cycles in 1964 varies from o0-0088 (when
@ = 0) to o-oogr (when = = 0'4). An average



consumption of o-cogo gallons per mile is assumed
for motor cycles in these calculations.

To summarise, we have estimated the average
petrol consumption (gallons per mile) achieved by
private cars (including taxis) and by motor cycles in
1964. It is now possible to estimate the vehicle
mileage of cars and motor cycles by combining this
information with figures on the total gallons of petrol
consumed by cars and taxis in that year. Total petrol
consumption by all vehicles in the year ended
March 1965 was 115-99 million gallons (Revenue
Commissioners, 1966, Table 18), and this figure is
used as an estimate of 1964 calendar year consump-
tion. This figure includes petrol consumed by
certain vehicles which do not meet our definition of
“private car and motor cycle”. Therefore the
following adjustments to this figure are necessary:

(@) An estimate of goods vehicles’ petrol con-
sumption is deducted from the total. The basic
data on goods vehicles’ petrol consumption are
given in Table 24. This table shows that an
estimated 13-28 million gallons of petrol were
consumed by petrol fuelled goods vehicles in

1964.

TasLE 24: PETROL CONSUMPTION DATA FOR THE
ROAD FREIGHT FLEET 1964

Total Annual Fuel
Unladen Weight | Number of Petrol- Consumption

(tons) Fuelled Vehicles | {millions of gallons}
o-1 24,840 811
-2 5,280 3-07
2-3 1,620 130
3-5 660 o-66
Over s 40 014
Total 32,430 1328

Source : Information from CSO (based on SSRF).

(b) An estimate of exempt vehicles’ petrol con-
sumption is deducted from the total. In order
to simplify the calculations, the following
assumptions are made. Firstly, it is assumed
that the use of these vehicles is relatively
intensive—an average of 15,000 miles per
annum is assumed. Secondly, their fuel con-
sumption is assumed to be o-040 gallons per
mile. Using these assumptions, we estimate
that the amount of petrol consumed by the
exempt vehicles in 1964 was 2-87 million
gallons.

{(¢) An estimate of petrol consumed by tourists
who travel with their cars is deducted from the
total. In 1964, tourists brought 30,214 cars
directly into the Twenty-Six Counties by sea
and air. The estimated average mileage of these
cars in the Twenty-Six Counties is 1,092. In

addition, cars are brought directly into the Six
Counties. Some 66 per cent. of Six-County
visitor bednights are spent in the T'wenty-Six
Counties, This factor of 66 per cent. is com-
bined with the above mileage figure of 1,092
in order to derive an approximate estimate of
these visitors’ annual mileage. In 1964 there
were 41,256 accompanied cars brought directly
into the Six Counties.!! The resulting estimate
of vehicle mileage of all tourists’ cars is 62-73
million for 1964. We assume that the average
petrol consumption of these vehicles is equal
to the overall average of 0-035 gallons per mile
which was already derived for Irish cars and
taxis. The estimated petrol consumption of
tourists’ cars was therefore 2-20 million gallons
in 1964.

Taking into account the deductions under (&), (5)
and (¢), the estimate of petrol consumed by private
cars and taxis and motor cycles in 1964 is g7-64
million gallons.

5.3.3 Derivation of vehicle mileage from fuel
consumption and other data

Finally, we estimate the ratio between private cars’
(including taxis) and motor-cycles’ average annual
mileage since, for example, a relatively high or low
utilisation of motor cycles would affect total fuel
consumption. No Irish data exist on this question.

It is necessary to look to other countries for
comparative data on this matter: the ratio of
private cars’ average annual mileage to motor cycles’
average annual mileage in a number of European
countries is as follows: (definitions of *“private cars”
and of “motor cycles” vary slightly in these data, but
they are adequate as an approximation):2

Great Britain ... 331
Denmark 2:9:1
West Germany 7211
Norway 301

Such a small number of countries is of limited
help to us. In the above countries, average car usage
is between 2+9 and 3-3 times motor cycle usage. The
two most densely-populated countries, Great Britain
and West Germany, have the highest ratios. A ratio
of 3-0:1 is accepted for our purposes.

All the information is now available with which to
solve a series of equations relating vehicle usage to
petrol consumption. The basic identity mentioned
in Section 5.2, i.e. VeM =T is applied to both
private cars (including taxis) and motor cycles.

A]l the tourist information in these paragraphs is due to
Bord Fiilte Eireann.

¥ 8ource: for Britain—Highway Statistics 1967, Table 21;
Danmarks Statistik, Danish Statistical Yearbook 1968; Sratis-
tiches Bundesamt ; Central Bureau of Statistics of Norway.
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The resulting vehicle mileage estimates of private
cars and taxis, and of motor cycles (in terms of
annual mileage per vehicle) for 1964 are given in
Table 25, Col. (4). Information on the vehicle
mileage of omnibuses and goods vehicles is directly
available from published sources, and is also given
in Table 25.

5.4 Vehicle Mileage in Years Other than 1964

An estimate is now made of vehicle mileage in
three other years: 1958, 1961 and 1966, Once again
fuel consumption data are used. One difficulty is that
there is no direct source of goods vehicles’ mileage
as there was in 1964, due to SSRF. There seem to
be two alternative ways of estimating goods vehicles’
mileage for these years. The simplest method is to
assume that, for each of the five unladen weight
classes for which data are in SSRF, average mileage
in these years 1s equal to average mileage in 1964.
This is consistent with the assumption made, when
projecting goods vehicle numbers, that average
mileage per vehicle, in each unladen weight group,
remains constant in future years.

The alternative method would estimate goods
vehicles’ diesel fuel consumption in each of these
years and add this to the total petrol consumption
figure in each year. There would be an additional
identity of the VeM = F form, due to the estimate
of goods vehicles’ mileage.

The former of these two methods is used, both in
order to simplify the calculations required and also
because it would seem to give estimates which are
equally as good as those derived from the second
method.43

In estimating the vehicle mileage of cars and motor
cycles in these years, we use almost exactly the same
method as for 1964, and tables analogous to Tables
21 and 23 are drawn up,** but since there is no direct

43The vehicle mileage estimate of goods vehicles for 1958 is
biased. This is because, as has already been discussed, goods
vehicle numbers by unladen weight before and after 1060 are
not strictly comparable. It is hoped that errors are, to an extent,
self-canceiling.

The basic data on the number of private cars in each horse
power class are in Table C14.

For taxis and for the private cars up to 14 horse power the
same fuel consumption figures are used as in 1964. Slightly
giiﬂ'erent figures are used for the other horse power categories,
ie.

Horse Power 1960 [ 1962 | 1966
Owver Not Over
14 16 0037 0040 0042
6 20 0042 0045 0043
Z0 24 0047 ©'050 0053
24 0059 o-0b? 0067

The 1¢64 weighting pattern, which takes account of differing
utilisation patterns among cars of different sizes, is used. This
leads to a weighted average fuel consumption (gallons per mile}
for private cars and taxis of 0036 in 1958 and o-035 in both
1961 and rg66. For the motor cycles, the same petrol consump-
tion figure is used as for 1964.
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information on petrol consumption by goods vehicles
in these years we use the 1964 figures for such
consumption.

In the calculations we assume initially that the
proportion of petrol fuelled vehicles in each unladen
weight group in these years is as in 1964. It is likely
that there is a gradual substitution, within unladen
weight classes, of diesel fuelled for petrol fuelled
vehicles. A comparison of data in Booth, 1967, p. 32
with SSRF p. 24 confirms this. Therefore the
following somewhat arbitrary adjustments to the
estimated petrol consumed by goods vehicles are
made: additions of 6%, to 1961 and 129, to 1958
figures, deduction of 59, from 1966 figure.

Once again it is assumed that on average, private
cars are utilised 3 times more intensively than are
motor cycles. The same assumptions are made
concerning the average mileage of tourists who
travel to Ireland with their cars.

The vehicle mileage estimates for the three years
1958, 1961 and 1966 are given in Table 25.45

TapLE 25: ESTIMATED MILEAGE PER VEHICLE ON
IRISH ROADS, 1958, 1961, 1964 AND 1966

Type of Annual Average Mileage per
Vehicle Vehicle
1958 1961 1964 1966
(1) (= ) (4) (s)
Private car and taxi? | 11,100 | 11,100 | 10,600 | 10,800
Motor cycle 3,700 3,700 3,500 3,600
Goods vehiclet 7,100 8,400 9,000 9,400
Omnibuse .. | 34,800 | 32,900 | 31,800 | 31,300
Total .. 9,500 9,700 9,500 9,800

Notes : a—Excludes mileage of cars brought into the T'wenty-
Six Counties by tourists.
b-—Excludes steam-driven and electrically-propelled
vehicles.
c—Excludes motor coach services.
Source : For goods vehicle: Table C8; SSRF Table 2
For omnibus: SA; ISB

©The following are the details of the estimated petrol con-
sumed by goods vehicles, exempt vehicles and tourists in each
of these years (in millions of gallons), with comparative figures
for 1964.

Type of 1958 1961 1964 1966
Vehicle
Goods vehicle 1461 1289 1328 11-78
Exempt vehicle 256 260 287 320
Tourist’s car 066 112 2:20 312

The values for F (fuel consumption) in the equations are (in
millions} 1958: 60-49, 1961: 7596, 1964: 97:64, 1966: 114-8.
The numbers of tourists who accompanied their cars were as
follows:

Year To Republic To Six Counties
1958 8,570 12,202
1961 15,511 20,803
1964 30,214 41,250
1966 47,200 52,300

Source : Information from Bord Fdilte Eireann.



5,5 Discussion of Vehicle Mileage Figures
Table 26 gives the estimated vehicle miles
travelled on Irish reads in 1964.

TasLe 26: TOTAL VEHICLE MILEAGE 1964

Type of Vehicle Vehicle Mileage
(millions)

Private car and taxi 2,742°21
Motor cycle 184'90
Goods vehicles 416754
Omnibust .. .. .. .. 4990
Private car brought in by tourist T 62-73

Total 86 3,456-27

a—Excludes steam-driven and electrically-propelled vehicles.
b-—Excludes motor coach services.

In this table the vehicle mileage travelled by
tourists, who accompany their cars, is included. The
estimated vehicle mileage on Irish roads in 1964 was
3,456 million. This figure can be compared with the
estimate made by O’Keeffe (1965) for 1964, which
was described at the beginning of this section.
O’Keeffe’s estimate of 4'1 million vehicle miles
(adjusted) in 1964 is significantly higher than ours.
It has been suggested (by Hearne op. cit.) that the
factor used by O’Keeffe in converting from 1965
count date to the 1964 vehicle mileage estimate may
be too high, leading to an over-estimate of 1964
mileage. This could account for the discrepancy
between O'Keeffe’s 1964 estimate and our estimate.

Annual average utilisation of vehicles as given in
Table 25 seems to be reasonably static, if not
decreasing, over time. The estimated average mile-
age per private car {including taxis) has declined
since 1958 and has been fairly static in recent years.

The average vehicle mileage of motor cycles has
remained fairly constant over time. Average annual
mileage of goods vehicles has steadily increased
between 1958 and 1966. This is because the heavy
goods vehicles continue to form a larger proportion
of the goods vehicle fleet and these heavy vehicles
perform more miles per annum.

When compared with British figures on average
mileage (given in Appendix C, Table Ci3), the Irish

figures of annual mileage per private car are signifi-
cantly higher. The British figures in this Appendix
relate to “privately taxed cars and vans” rather than
“cars”; calculations from NTS indicate an annual
mileage 3 per cent. higher for ‘“cars”. The Irish
figures of annual mileage per private car are
significantly higher than the British figures. For
example, estimated average mileage per private car in
Ireland was 10,800 in 1966 compared with 8,100 in
Britain in the same year.

The data in Appendix C, Table C16, on average
mileage per private car in a number of other
countries provide further comparisons. When com-
pared with these countries, the Irish average annual
car mileage is not unreasonably high. For example,
the Netherlands’ average car mileage of 11,200
(although itself probably an over-estimate—see
note to the table) is higher than the Irish estimate.
The Danish figure of 9,800 miles is also relatively
near the Irish estimate.

We now wish to examine what are the likely
reasons for this discrepancy between annual mileage
per private car in Ireland and in Britain. This may
help us to estimate future patterns of car usage. This
examination is done in a relatively impressionistic
manner, mainly by looking at NTS data.

Three possible reasons for the disparity are
examined:

(a) the greater urbanisation in Britain;
(b) the higher family size in Ireland;

(c) the higher proportion of multi-car owning
households in Britain.

The first possibility is that the greater urbanisa-
tion of Britain discourages private car usage there,
leading to a greater use of public transport. This
hypothesis implies that there is a considerable
suppressed demand for car usage in Britain. This
can roughly be tested by looking at the data in
Table 27.

TapLE 27. AVERAGE WEEKLY VEHICLE MILEAGE PER VEHICLE BY TYPE OF VEHICLE AND SIZE OF AREA

1963

Size of Area {i.e. Population)

Four large Urban Areas | Urban Areas | Urban Areas | Urban Areas
Type of Vehicle Conurbations? | } —1 million | 100 —250 thous.| 25 —100 thous.| 3—25 thous. Rural
Unclassified Car 153 143 136 140 160 137
Ordinary Saloon Car 129 124 33! 139 128 1249

Notes : a—London built up area is excluded.
b—Birmingham, Manchester, Glasgow and Liverpool.
Sonrce: NTS 1965.



The *“urbanisation” hypothesis is not borne out
by this table. There is generally a higher average
mileage in the urban areas than in the rural areas 1n
Britain, Also, in the case of the “ordinary saloon
car’, the average mileage in the urban areas of
3-23 thousand population is not markedly lower
than that in more densely populated areas.

The second possibility is that the higher family
size in Ireland might also explain different patterns
of usage.#® Again the N'TS cross-section gives some
information on the effects of household composition
on vehicle usage, This information is given in
Appendix C, Table C17. This table gives a house-
hold income x household composition classification.
One must be cautious in interpreting this table,
since the figures in some of the “cells” may not be
highly significant. Nevertheless, the general pattern
which emerges is that large houscholds do not
generate higher mileage per vehicle. Single-person
households in fact generate a higher average mileage
per vehicle than do other types of household.#

The third possibility which we examine is the
likely effect of Britain’s higher proportion of multi-
car owning households. From Table 28, it seems
that average car usage does not decline in multi-
car owning households. In these households, a
higher than average usage of the principal car is
offset by lower than average usage of the subsidiary
car. The one case where there may be lower average
vehicle usage is when the household also has van(s)

or lorry(s).
The three possible explanations which we have

“Average family size in Ireland (i.e. average number of
children born per family) is 3-53 (CP 1961 Vol. VIII Table
7A}). The average for England and Wales is 1-87 (General
Register Office (1966), Census 1961: England and Wales:
Fertility Tables, Table 2(i)).

"Table C17 relates to all vehicles and includes motor cycles
and vans. Although the average annual mileage of motor cycles
is lower than that of private cars, this should not affect the rela-
tivities which we are interested in.

examined do not cover all possible reasons for
the differing level of car usage between Ireland and
Britain. Possibly the level of car ownership in each
country is a factor. For example, Tanner (1g66)
shows, based on data from US States supplemented
by British data, that a rising level of vehicle owner-
ship tends to reduce miles per vehicle. This might
seem to conflict with the NTS evidence on the
influence of multi-car ownership on usage. But it is
possible to reconcile these two trends: only a certain
amount of the increase in vehicle ownership is due
to increased multi-car ownership.

TasLE28: AVERAGE WEEKLY MILEAGE PER VEHICLE
FOR VEHICLES IN HOUSEHOLDS, 1965

Status of Car Average Weekly
Vehicle Mileage
Sole household car .. oo T 134
Sole household car, but where household
also has van(s) or lorry(s) .. . 101
Main household car—where household has
at least two cars oc e 6 158
Other household car—where household
has at least two cars . . 119
Hired/Borrowed car 356
Total 134

Source: NTS 1965.

Tanner (1966) also argues (although not present-
ing empirical evidence on this point) that an
improved quality of the road system would probably
tend to increase miles per vehicle. He defines
“quality” to mean “the average speed which can be
maintained in the actual journeys undertaken in the
traffic conditions actually obtaining” (Tanner 1966,
p. 7). It is quite possible that, on the basis of this
definition, the road system in Ireland is of a higher
“quality” than that in Britain, thereby contributing
to the higher car usage.

6. PASSENGER TRAFFIC BY ROAD AND RAIL

6.1 Introduction

In this section we look at trends in passenger
traffic by road and rail in recent years. Since
published figures on omnibus passenger mileage are
available only for CIE passenger traffic, a time series
of all omnibus passenger mileage is constructed.
Also, for 1966 an estimate is made of passenger
mileage on all modes of transport.

Table 29 shows that vehicle mileage on omnibus
passenger services has risen since 1955, while the
number of passengers carried has declined slightly.
The great majority of these passengers are carried on
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CIE services, and Dublin City and suburban
services carry most of the traffic.48 This table
also contains our estimate of all omnibus passenger
mileage which has fluctuated from year to year but
remained at about 700 million throughout the
period.#® This estimate includes the passenger

#lor example in 1964 these services carried 78 per cent of ail
CIE passengers (Source: SA).

“The passenger mileage figures are constructed by the fol-
lowing method. Based on the CIE Anrnual Reports, the average
receipts per passenger mile from road passenger services (ex-
cluding tours and private hire) are calculated. Data on gross
receipts from passenger fares for all omnibus services (excluding
cross-Border services) are available in SA.



mileage performed on private omnibuses, which is
a small proportion of the total.

Table 30 shows the trend in CIE rail passenger
traffic in the period 1958/59 to 1966 /67. This period
is examined, since it dates from the acquistion by
CIE of GNR in October 1958. Annual rail passen-
ger traffic has decreased from 11+7millionin 195859
to 9+3 million in 196667, but the increase in average
length of journey (from 28 miles in 195859 to 37
miles in 1966 /67) has resulted in an increase in the
number of rail passenger-miles over this period.
TaBLE 29: VEHICLE MILES AND PASSENGERS CAR-

RIED ON OMNIBUS PASSENGER ROAD SERVICES
(EXCLUDING CROSS-BORDER SERVICES) 1955-1966

Year Vehicle Miles Passengers | Passenger Miles
(1) (2) (&)] @
‘o000 ‘ooo million
1955 45,900 306,087 b
1956 47,098 305,325 700
1957 47,703 308,866 752
1958 48,304 297,654 762
1959 49,117 294,070 773
1960 49,021 299,285 774
1961 48,212 292,081 743
1962 48,741 294,425 686
19634 44,770 268,925 633
1964 49,895 304,506 751
1965 49,012 294,395 735
1966 49,119 285,965 667

Notes : a—Affected by a bus strike.

Private cars (including taxis)

Our estimate of vehicle mileage performed
by private cars and taxis in 1966 is used (Table 25).
In the absence of any Irish data on vehicle occup-
ancy, we apply the occupancy of 1-8 persons per
private car which holds for Britain (Ministry of
Transport, 19674, Table 4C) to the vehicle mileage
figure, to obtain an estimate of passenger mileage.

Motor cycles

Our estimate of vehicle mileage by motor cycles
in 1966 is used (Table 25). An occupancy of 1-07
persons per motor cycle is arbitrarily assumed in
order to estimate passenger mileage.

Omnibus
The information is contained in Table 2g9.

Rail

Rail passenger mileage was 346,000 in 1966/67
(CIE 1967). This will approximate to a calendar
year figure for 1966,

All these estimates of passenger mileage, by mode
of transport, are brought together in Table 31.
Private cars (including taxis) accounted for 83 per
cent. of all passenger miles in 1966.

TasLe 31: ESTIMATED PASSENGER MILEAGE, 1966

b—Data not available at ti f writing.
ata not avatlable at time of writing Mode of Transport Passenger Proportion of Total
Source : Cols. (2) and (3): SA; ISB, June 1967. Miles Passenger Mileage
Col. (4): CIE Aunual Report; SA. —
) . ) million %
‘TasLE j0: RAILWAY PASSENGER TRAFFIC, 1958/s9—  Private cars (including
1966/67 taxis) .. .. 5,827 830
Motor cycles 181 26
Omnibuses 667 95
Year Ended March Passengers Passenger Miles Rail 346 4'9
*ooo 'oco Total 7,021 100°0
1958/59 11,7144 325,974
1959/60 12,276 344,085 L. .
19601’21 11,053 352,142 6.3 Projection of passenger mileage
;gwﬁg i gg‘g:ggi The assumption is made that average annual
1963/64 9,846 330,991 mileage of private cars (including taxis) and of
iggggg §o8s g;g'ggg motor cycles remain at their levels in 1966. We use
106b/67 0,204 345,658 our projection of the number of private cars and

Notes: a—Adjusted to include Great Northern Railway traffic
from t April 1958.

Source: SA; CIE Annual Report, 1966/67.

6.2 Passenger Mileage by Mode of Transport in 1966

It is now possible to draw up a table which shows
the distribution of passenger mileage in Ireland,
according to mode of transport, making use of our
previous calculations on vehicle mileage, We take
no account of those vehicles which were excluded
from the vehicle mileage estimates of the previous
section. This estimate excludes passenger mileage
performed in goods vehicles. The passenger mileage
estimates are derived as follows, for the calendar year
1966.

motor cycles in 1970 and 1975. This gives a projected
vehicle mileage of these modes of transport, and we
apply the same occupancy factors as in the building
up of 1966 estimates, in deriving a projection of
passenger mileage in 1970 and 1975. The projection
for private cars (including taxis) is 7,610 million
passenger miles in 1970 and 10,540 million in 1975.
The projection for motor cycles is 169 million in
1970 and 165 million in 1975.

It is difficult to obtain a basis for projecting
passenger mileage on omnibus and rail services.
This is an area where policy decisions (e.g. on road
pricing, or on the pattern of the rail network) could
have a significant impact, Even given a “no change”
policy situation, one would need to know something
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about patterns of cross-substitution between public
and private transport.

Given a situation where omnibus and rail passen-
ger mileage remained at their 1966 levels, then
private cars (including taxis) would account for 87

per cent. of passenger mileage in 1970, omnibuses
for 8 per cent. and the railways for 4 per cent. The
1975 proportions, making the same assumptions,
would be go per cent., and 6 per cent . and 3 per cent.
respectively.

7. FREIGHT TRAFFIC BY ROAD AND RAIL

7.1 Introduction

In this section trends in freight traffic by road
and rail for a past number of years are examined.
Firstly, the freight traffic by road is analysed.

7.2 Freight Traffic by Road

No accurate information is regularly available
on the volume of freight traffic by road, whether
this is measured in terms of tons or ton-mileage.
The only possible estimates are based on SSRF
data for 1964. Such estimates inevitably must be
subject to a wide margin of error. Sexton (1966-67)
gives estimates of tonnage by road in the period
1960-65. We follow his method, and derive further
estimates of this freight traffic for 1966 and 1967,
These estimates are built up in the same way as
the ton-mileage estimates given in Table 8. The
estimates are based on the average tonnage carried
per vehicle in 1964. These averages are calculated
(from SSRF) for each of five unladen weight classes
and are applied to the numbers of vehicles in these
unladen weight classes in years other than 1964.

The figures given in Sexton (1966-67, Table Ag)
show that tonnage by road increased steadily from
38:22 million tons in 1960 to 57+51 million tons in
1965. Our tonnage estimates are §7-43 million tons
in 1966 and 62+03 million tons in 1967. Information
on ton-mileage has been given in Table 8. The
estimated ton-mileage by road increased from 721.85
million in 1960 to 1,222-07 million in 1967, Average
load carried per vehicle has probably increased since
1960 (due to the greater proportions of goods
vehicles in the heavier unladen weight classes).
Therefore these estimates of tonnage and of ton-
mileage probably over-estimate goods traffic in the
period 1960-1963, and underestimate it in the period
since 1965.

7.3 Rail Freight Traffic

Tables 32 and 33 give details of rail freight
traffic carried by CIE in the period 1958/59-1966/67.
In this period, the overall tonnage of freight carried
on the rail network has increased by 13 per cent.-
from 2-4 million tons in 1958/59 to 2.7 million tons
in 1966/67. In this period, the average length of
haul for all rail goods traffic has increased from 83
miles in 1958/59 to 98 miles in 1966/67.

Table 32 shows that coal and coke traffic has
declined markedly since 1958/59; the tonnage of
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other minerals has declined but an increased average
length of haul has resulted in ton-mileage remaining
steady, while livestock tonnage has decreased by
27 per cent. but livestock ton-miles have declined
by only 7 per cent. General merchandise traffic is
the only type of traffic to record a pronounced
increase in both tonnage (from 1,500 in 1958/59 to
2,100 in 1966/67) and ton-miles. The average length
of haul of general merchandise traffic has increased
from 88 miles in 1958/59 to 102 miles in 1966/67.

7.4 Rail/Road Division of Traffic and Projection

Since figures have been given of both road and
rail traffic since 1960, it is now possible to estimate
the rail share of the total freight traffic. It is assumed
that rail traffic in the financial year 1966/67 approx-
imates to traffic in the calendar year 1966, and
similarly for other years, The rail share for the
period 1960/65 is given in Sexton (1966-67); it is
therefore only necessary to compute the 1966 figure,
which is 4.57 per cent. of tonnage and 18-14 per
cent. of ton-mileage.®® In 1966, there was an
estimated total ton mileage of 1,358'08 million, of
which an estimated 1,111-70 million ton-miles were
on the road system, and 746-38 million on the rail
system. The estimated rail share of total ton-
mileage rose in 1966 to a proportion approaching
its 1962 figure. The estimated rail proportion of
ton-mileage had fallen in each year from 1960 to
1965. The estimated rail share of total tonnage was
at its highest since 1963.

A projection of ton-mileage by road has already
been made for the period 1967-1985. A similar
projection of rail ton-mileage is a difficult exercise.
We assume that there are no major changes in
policy towards the retention of rail services, or the
pricing of road-rail services. Average length of haul
should still continue to increase steadily, leading
to probable increased ton-mileage on the railways.
While it would be theoretically desirable to build
up projections of rail traffic for separate types of
commodities, this is hardly worthwhile especially
in view of the declining rail traffic in certain com-
modities.

#The ton-mileage figures given in Sexton (1966-67) differ
somewhat from the figures in Table 33, since they exclude
certain ton-mileage performed in the Six Counties. In our
estimate of the 1966 rail share we follow this practice and use

an adjusted ton-mileage of 246-384 million {source for adjust-
ment: information from CIE).



‘T"ABLE 32:

RAILWAY FREIGHT TRAFFIC (TONS), 1958/59-1966/67.

Year ended General Coal, coke and Other
March merchandise patent fuel minerals Livestock Total
‘000 ‘o000 ‘o000 ‘o000 ‘o000
1958/59% 1,666 59 520 177 2,422
1959/60 1,748 33 581 156 2,518
1960/61 1,372 49 590 179 2,690
1961/62 1,868 40 463 192 2,563
1962/63 1,943 37 482 132 2,594
1963/64 1,971 5 463 133 2,604
1964/65 1,910 17 433 101 2,461
1965/66 1,968 9 422 98 2,497
1966/67 2,131 11 474 129 2,745
Notes : a—Adjusted to include Great Northern Railway traffic from 1 April, 1958,
Source : SA; CIE Annual Report 1966/67.
TabLE 33. RAILWAY FREIGHT TRAFFIC (TON-MILES), 1958/59-1966/67.
Year ended General Coal, coke and Other
March merchandise patent fuel minerals Livestock Total
‘aco ‘000 ’ooo 'ooco ‘000
1958/59* 147,235 5.478 33,915 14,241 200,869
1959/60 155,805 1,298 36,082 13,591 207,766
1960/61 165,550 2,306 19,083 15,952 222,897
1961/62 167,481 1,047 33,041 17,641 220,110
1962/63 169,149 1,917 34,438 12,811 218,315
1963/64 171,638 1,591 34,796 13,158 221,183
1964/65 170,943 853 32,563 9,995 214,354
1965/66 197,782 385 32,058 9,779 240,004
1966/67 216,864 513 314,634 13,286 268,047

Notes : a—Adjusted to include Great Northern Railway traffic from 1 April, 1058,

Source: SA; CIE Aunual Report 1966/67.

Our earlier projections of ton-mileage by road
were 1,472 million tons in 1970 and 1,934 million
tons in 1975 (Table g). Assume that there is 300
million ton-mileage by rail in 1970 and 360 million
by 1975 (this seems a reasonable, if possibly over-
generous assumption on the basis of past trends as
given in Table 33). Then, on the basis of our pro-
jection of ton-mileage by road,®® the rail share would
be 16+g per cent. in 1970 and 15-7 per cent. in 1975.

This is asimplified approach, and does not allow for
the possibility of shifts in traffic from road to rail,
which would reduce our earlier road ton-mileage
projection. Given these assumptions, which seem
relatively favourable towards the railways, the pro-
portion of ton-mileage carried by rail would decline
slightly in future years.

51%We also assume that the rail ton-mileage in the Six Counties
remains at its 1966/6% level of 21-7 million.

8. ASPECTS OF ROAD FREIGHT TRANSPORT

8.1 Introduction

When considering the projection of goods
vehicles, it was necessary to make some assump-
tions concerning the future pattern of road haulage
licensing. In this section we wish to examine some
aspects of road freight transport, with particular
reference to road haulage licensing. This section
points out some features of road freight transport
(with special reference to the data available in SSRF)
which have implications for road haulage licensing.
We have not had an opportunity to examine many
fundamental questions which relate to the licensing
system.

8.2 Historical Background
The basic legislation is contained in the Road

Transport Act 1933 and the Transport Act 1944. The
transport of merchandise by road was restricted to
licence-holders or to carriage taking place within
certain exempted areas. Any person who already
operated a merchandise road service or his successor
in title was entitled to receive a licence. This licence
was granted in respect of his previous area of oper-
ation, and the class of goods which he was carrying.
In the licence the maximum unladen weight of the
licensee’s vehicles was specified. This stipulation
in effect limited the number of vehicles which each
licensee was allowed to use.

Apart from hauliers operating within the ex-
empted areas, certain other classes of operators are
not required to hold merchandise licences, such as
turf hauliers and operators engaged in the haulage
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of whole milk and separated milk to and from cream-
eries. There has been a recent relaxation in licensing
provisions. It has been announced that licences
authorising the carriage of livestock in a restricted
area would be extended in scope, on application,
to permit the carriage of livestock under licence
anywhere in the State,

There are therefore three main sectors in the
licensed hauliers: the own account hauliers (who
are exempt from licensing), the licensed hauliers
and CIE which is not subject to licensing provisions.

The Act of 1933 was introduced because of fears
of price-cutting, and in order to protect the position
of the railways. Entry into the road haulage industry
requires little capital, and fears of price-cutting were
understandable in the depressed economic condi-
tions of the 1930’s, as road hauliers tried to keep
their business. It was also thought that private
traders running their own lorries occasionally took
goods for hire and quoted low rates for this, Similar
fears in Britain led to the British licensing system
of the 1930's.

It was intended that the railway be made the most
economical means of carrying goods traffic.52 The
existence of competition as it existed prior to the
Act threatened the railways’ position. The railways’
“natural monopoly” was also being threatened by
the growth of private car usage.

8.3 Structure of Road Haulage Industry

The number of merchandise licences has varied
very little over time. The total number of licences
held was 950 in 1951, and 977 in both 1964 and
19655 In 1965, 66 concerns furnished ‘‘nil”
returns (i.e. evidence of no goods traffic activity)
and of the remaining concerns, 884 were classed as
small operators and 24 as large operators (excluding
the rail companies).® Three railway companies
hold merchandise licences.

In 1965 the small operators owned 1,059 goods
vehicles, the large operators 103 and the railway
companies 1,065.% Thus the distribution of goods
vehicles among hauliers is extremely skewed. Most
concerns own only one lorry, the average number
of vehicles per small concern being 1°2. There is
one large concern, i.e. CIE (which owned gso0
goods and parcels vehicles at March 1966).% The

**The reasoning behind the 1933 Act was that:

“for a considerable time to come the most economical method
of transportation for a variety of classes of goods and in
several parts of the country will be the railways”. {Minister
for Industry and Commerce, (1933), Dail Eircann, Vol. 46,
Col. 384).

“ISB December 1953, December 1966.
“4ISB December 1965,

*ISB December 1966.

*CIE Annual Report 1065/66.
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non-rail large operators average little more than
4 lorries per concern.

8.4 Pattern of Road Freight Transport

A remarkably high proportion of road freight in
Ireland is carried by own account transport—8o+4
per cent. of tonnage and 82-9 per cent. of ton-
mileage (SSRF Table 1). CIE’s proportion of
tonnage is 8 per cent. and other licensed hauliers’
proportion of tonnage is 12 per cent. In making
these comparisons, it needs to be kept in mind that
the carriers are engaged in very different types of
activity. Not all the short-haul *“‘own account”
traffic could be carried economically by licensed
hauliers.

The Irish proportion of freight traffic carried by
““own account” transport can be compared with the
data in Table 34 on the importance of the “own
account” sector in certain European countries
(where data are available, this proportion is given
for both tonnage and ton-mileage).

The Irish proportion of transport activity carried
on own account transport is higher than in any of
the countries in Table 34. A comparison with
Britain is complicated by the different licensing
provisions in that country (all these remarks relate

TasLE 34: PROPORTION OF ‘OWN ACCQUNT' ROAD

FREIGHT TRAFFIC IN A NUMBER OF EUROPEAN
COUNTRIES, 966

Proportion of *Own Account’
Road Freight Traffic
Country -—
Proportion of Proportion of
Tonnage Ton-Mileage
% %%
Belgiuma .. . 67 50
Francet .. .. 64
Netherlandse . 42
Norway 48

Notes: a—Excludes freight carried by vehicles under 1 ton
carrying capacity.
b—For vehicles weighing over 1 ton.
e¢—Excludes transport by delivery vans of up to 1 ton
carrying capacity.

Souree : Institut National de Statistique, Bruxelles; Annuaire
Statistique 1966 du Ministére de I'Equipement et du Logement et
du Ministére des Transporis, 1967; Netherlands Central Bureau
of Statistics; Central Bureau of Statistics of Norway.,

to the British licensing system prior to the Transport
Act 1968). The British “A” licence vehicles corres-
pond to the Irish ‘hire or reward’ sector, while “C”
licence vehicles correspond to the Irish private
sector. But there are no Irish licences like the
British “Contract A” (whereby vehicles can be
used, under a contract, for the exclusive carriage of
a person’s goods) or “B" licence (whereby vehicles
may be used in connection with the trade of licensee
or for hire or reward). Most of the work of the
“B" licence vehicles is for hire.5

#Ministry of Transpert (19644), Table 29.



We therefore regard the “public haulage” sector
in Britain as comprising “A”, “Contract A” and
“B"” licence vehicles. Given this assumption, the
proportion of goods traffic activity carried by “own
account’’ transport in 1962 was 59'2 per cent. of
tons and 48-5 per cent. of ton-miles.®® This British
proportion on “own account” is relatively near the
proportions for the European countries which we
have examined. It is significantly lower than the
Irish proportion.

The information on road freight tonnage by
length of haul in Ireland is rather surprising,
with particular reference to the “own account”
sector’s share of tonnage. One would expect that
the “own account” sector’s share of traffic would
decrease as the length of haul increased. This
happens in Britain, where “C” licence vehicles
accounted for 56 per cent. of tonnage moved on
end-to-end journeys under 5o miles, 46 per cent.
of tonnage on journeys of 50-99 miles and 27 per
cent. of tonnage on journeys of 100 miles or over.®®

In Ireland the “own account” sector maintains
its large share of tonnage carried, over the long
lengths of haul {(source : Sexton, 1966-67, Table 7).
This may be partly due to the licensing regulations,
whereby many licensed hauliers must confine their
activities within certain areas.

BMinistry of Transport, Survey of Road Goods Transpor
1962, Final Results, Part I, Table z2g.

**Ministry of Transport (1964a), Table (iv).

We now wish to make some estimates of utilisa-
tion of goods vehicles. One way of estimating this
is to calculate the proportion of carrying capacity
actually loaded, and this information is given in
Table 35. This is not an ideal method. The propor-
tion of carrying capacity actually loaded will to a
certain extent depend on the type of good. If goods
are light in weight in relation to the space occupied
the carrying capacity (in terms of tonnage) may not
be filled yet it may not be possible to put any more
quantities of the good on the vehicle. There may be
an awkward load, or a fragile load and consequently
only part of the volume capacity may be filled.

In addition, the carrying capacity figures in
Table 35 do not cover trailer capacity but all
tonnage and ton-mileage data in SSRF do in fact
cover loads carried in trailers. This affects the com-
parison between tonnage and carrying capacity data,
since a higher proportion of trailers existed in the
CIE and licensed hauliers fleets than in the “own
account” fleet.80 In addition, the carrying capacity
figures supplied for SSRF were the vehicle owners’
own estimates and it is thought that they may be
subject to a wider margin of error than other data
collected in the Road Freight Survey.

Bearing in mind these reservations, the data in
Table 35 can be interpreted. The best basis for com-
parison is provided on end-to-end journeys. End-
to-end journeys concern the transport of single

80Information from CSO,

TaeLe 35. UTILISATION OF CARRYING CAPACITY IN 1964.
Proportion of Proportion of
Average load® per | Average load? per Estimated carrying capacity | carrying capacity
Unladen weight? end-to-end intermediate carrying capacity| loaded on end-to- | loaded on inter-
journey journey per vehicle® end journeys mediate journevs
tons %
Quwn account :
1 ton and over o3 o4 o5 6o 8o
I to 2 tons 1'0 o9 'L QI 82
2 to 3 tons 35 27 4'0 88 68
3 to 5 tons 72 5'5 74 97 74
Over 5 tons 12'5 98 11°9 105 82
All vehicles 24
CIE:
2 to 3 tons 20 30 3'5 67 86
3 to 5 tons 66 60 86 77 70
Over 5 tons o8 60 94 105 63
All vehicles 84
Other licensed haulters
2 to 3 tons 40 20 4'9 83 42
3 to § tons 83 [ 85 98 76
Over 5 tons 88 —_ 10°4 83 —
All vehicles 8-4

Note : a—All vehicles under 2 tons unladen weight have been classed as own account.
b—Quotient of tonnage by number of loaded journeys.
¢—These figures do not cover trailer capacity.

Sonrce : SSRF, Table 3: information from CSO.
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loads from one origin to one destination, whereas
intermediate journeys cover trips where loads are
collected or delivered at a number of points, Table
35 shows that the utilisation of the “‘own account”
sector seems to be higher than that of the other
sectors: this comparison applies to vehicles of over
2 tons unladen weight.

A further method of examining the utilisation of
vehicles is to look at the proportion of empty mileage.
A priori one might expect that the “own account”
sector would show up less favourably in this com-
parison. This sector is, for example, inhibited from
filling return loads due to licensing provisions. It
may also have grown more than is economically
justifiable, due to the limitations placed on licensed
hauliers’ operation.

Nevertheless, the “own account” sector has a
lower proportion of empty mileage than either of
the ‘“hire or reward' sectors: 30-4 per cent. com-
pared with 35-7 per cent. for CIE and 424 per cent.
for other licensed hauliers (SSRF Table 4). The
proportion of empty mileage on “hire or reward”
is surprisingly high. An ex post rationalisation for this
might be the limitations placed on licensed hauliers
(regarding area of operation, type of good carried
ctc.) and the nature of much of Irish transport
activity—e.g. short-haul freight for the building
industry.

These explanations may also account for the
general poor showing of road freight operators, i.e.
31°3 per cent. of the mileage of all road freight oper-
ators is empty mileage (SSRF Table 4). Sexton
(196667, Appendix Table B) shows that the pro-
portion of empty mileage in Ireland for all journeys
is much higher than in Britain—this discrepancy
is especially marked for the “hire or reward” sector
using vehicles of over 3 tons unladen weight.

8.5 Some General Considerations

Theoretically, a case can be made against a road
haulage licensing system, other than a system which
provides for conditions of work and fitness of
vehicles. This case has been fully developed by
Munby (1965).

Under certain circumstances, e.g. if there was
pressure on road capacity, and spare capacity in the
rail system, there would be a prima facie case for a
diversion of traffic from road to rail. This is one of
the justifications for the changes in the British

licensing regulations (Tramsport Act 1968). In
Ireland, however, there is no evidence of consider-
able pressure on road capacity on most inter-urban
routes. The railway system could hardly hope to
be an economic carrier for much of the traffic shifted
from road. There is a shortage of the heavy bulk
long-distance flows which are inherently suited to
rail transport. Examples of this type of traffic are
coal, iron and steel, and extractive materials. Most
of CIE’s rail ton-mileage is general merchandise
traffic—this accounts for 81 per cent. of total ton-
mileage in 1966 /67 (CIE, 1967).

One theoretical argument in favour of the liberal-
isation of road freight is that it could improve the
utilisation of vehicles through the filling of capacity
on return journeys. Under the present licensing
system it is likely that vehicles carrying goods in
one direction return empty in the opposite direction.

This argument gains force the longer the length
of hau! in question. The escapable costs directly
attributable to the return load are little more than
the extra cost of seeking out traffic, the cost of docu-
mentation and of extra mileage. They are of less
relative importance, as a proportion of total round-
trip costs, the longer the average length of haul.

The fact that much road transport in Ireland is
short-haul diminishes the force of this argument.
Excluding the activity of vehicles over 5 tons un-
laden weight, 59 per cent. of road freight tonnage
is carried on journeys of up to 10 miles. Vehicles
of over 5 tons unladen weight carry 41 per cent. of
their tonnage on journeys of up to 10 miles.%! Where
the length of haul is short, it may not be worth the
lorry’s effort to seek out return loads.

Also, the data given in the tables have shown that
the utilisation of the capacity of the “own account”
sector compares more than favourably with that of
other sectors. This might further lessen the applic-
ability of the back-haul factor.

Such comparisons as we have presented, and
examination of vehicles performance based on the
1964 Survey are of limited usefulness in the road
freight licensing debate. The Irish environment is
likely to have special features which are absent in
other countries, and there is no substitute for a
comprehensive weighing up of costs and benefits
due to our present licensing system.

SISSRF Table 5.

9. SUMMARY

The main findings of this paper are as follows, by
section:

Section 1
In 1967 there were o'109 private cars per capita
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in Ireland. It is estimated that 36 per cent. of all
households in 1966 owned cars, of which 33 per
cent, owned one car and 3 per cent. owned more than
one car.

The rate of growth of private car ownership in



Ireland has accelerated since 1958. The trend rate
of growth of car ownership in the whole 1947-1967
period was 8-8 per cent. per annum, but since 1958
the trend rate of growth has been g'5 per cent.

We project car ownership over the 1967-1985
period, taking no account of effects of possible
changes in the methods by which road users pay
for the use of congested roads. One of our main
methods of projection is to relate the growth of car
ownership to factors such as disposable income per
capita and subsequently to make an estimate of
the likely future rate of growth of disposable income.
Car ownership is regressed on disposable income and
on other variables over the 19471966 period. This
time series work shows that, on average, each per-
centage increase in disposable personal income per
capita is accompanied by an increase of about 3 per
cent, in car ownership.

Regression analysis is also used taking observa-
tions from a number of countries and from Irish
counties. This work confirms the relationship
between car ownership and income which was
established in the Irish time series, but gives lower
elasticities of car ownership with respect to income
than did the time series analysis.

The second main method is based on fitting a long
term time trend to car ownership. One particular
type of exponential curve, the logistic curve,is used.
Our “logistic”” method depends on the assumption of
a saturation level of car ownership—i.e. a level
beyond which cars per capita would cease to increase.
The best estimate of a saturation level, although this
is subject to quite a margin of error, is about 0'45
cars per capila.

The other methods which are used to project car
ownership do not give very satisfactory results, One
of these entails a study of the relationship between
car ownership and variables such as income and
family size, at the household level. Information
from two different sources (i.e. Household Budget
Inquiry and Farm Management Survey) is available
on the relationship between car ownership and
income at the household level, but it is not possible
to combine these two sources because of the different
income concepts used. Regression analysis based
on Household Budget Inquiry data alone uses two
independent variables—household income (signifi-
cant coefficient with a positive sign) and household
size (significant coefficient with a negative sign). The
elasticity of car ownership with respect to house-
hold income, calculated from these equations, is 1-4
which is relatively near that derived from all the
earlier cross-sectional analysis.

We try to derive a very approximate projection
of car ownership, taking HBI data to represent the
whole economy. This is based on an assumption of
unchanged income distribution among Irish house-

holds. Disposable household income in 1965-66 is
lognormally distributed. Using this distribution,
we estimate the likely number of car-owning house-
holds in each income group. But this method seems
to lead to a considerable underestimation of car
ownership in future years.

In a purely empirical manner, for the projection,
we accept one midway between the “regression”
estimate and the “logistic” estimate. Our projection
is of an increase in ownership from o.109 cars per
capita in 1967 to o-17g in 1975 and o0'295 in 1985.

Section 2

In past years, the increase in goods vehicle num-
bers has not been striking. The carrying capacity
of the goods vehicle fleet has however increased
markedly (we estimate that it has increased by al-
most 50 per cent. since 1960). This increased
capacity has been due to a big increase in the num-
ber of heavy goods vehicles being used (since 1960
the number of goods vehicles of over 5 tons un-
laden weight has more than doubled). This move-
ment to larger vehicles means a big increase in
effective capacity: not alone can these vehiclescarry
heavier loads but they also perform more miles per
annum than the average. Our projections try to
take account of this factor by firstly projecting both
ton-mileage and carrying capacity; then we try to
derive, through an iterative procedure, a projection
of goods vehicles which would be consistent with
these ton-mileage and carrying capacity estimates.

Our projections of ton-mileage and of carrying
capacity are both based on a relationship over time
with Gross Domestic Product plus imports. These
projections are summarised in this tabulation:

Projections of Ton-Mileage and of Carrying Capacity

Ton-Mileage Carrying Capacity
Year {million) (tons)
1967 (estimated) 1,222 133,200
1975 1,934 196,000
1985 3,135 300,000

Quite a marked increase in ton-mileage and in
carrying capacity is projected, increases which are
in line with trends since 1960. But since there is
likely to be a continually increasing proportion
of heavy goods vehicles in the fleet, our pro-
jected increase in vehicle numbers is not very large.
The replacement of goods vehicles by heavier
vehicles should account for a significant proportion
of the increased ton-mileage.

Sections 3 and 4
The projection of motor cycle ownership assumes
that the recent fall in ownership will continue, al-
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though not at a very rapid rate. The projections of
other vehicle numbers mainly rely on the extra-
polation of past trends.

If we sum the projections made for each class of
vehicle, they imply that total vehicles would increase
from 476,000 in 1967 to 755,000 in 1975 and
1,003,000 in 1980. A summary of the projections is
given in the following tabulation:

Frojection of Vehicles 1967-1985

Commercial

Year Private Cars | goods vehicles | All vehicles
'o00 "oo0 ' 'coo
1967 (actual) 314 46 476
1970 o 392 48 578
1975 332 51 755
1980 78¢ 56 1,003
1985 1,052 62 1,284

We estimate that the number of private cars will
increase by 70 per cent. by 1975—i.e. from 314,000
to 552,000. Private car numbers would more than
double, according to this projection, by 1980. The
projection of private cars is based on a steady
increase in population over the period (e.g. to 33
million in 1980).

Section 5

This section contains estimates of vehicle mileage
on Irish roads over the period 1958-1966, based
on fuel consumption data, coupled with direct
information available from CSO’s work. ‘The
estimates are summarised in the following tabula-
tion, for 1958 and 1966:

Estimated Annual Mileage per Vehicle

| 1958 | 1966
Private cars (incl. taxis) 11,100 10,800
Goods vehicles .. .. 7,100 9,400
All vehicles .. .. .. I 0,500 9,800

The estimated average annual mileage by private
cars has declined since 1958 and has been fairly
static in recent years. It seems reasonable to assume,
both from the Irish data and from data on other
countries, that this average mileage should remain
reasonably stable in future years. Although the
proportion of Irish households owning more than
one car should increase considerably in future years,
on the evidence of British data this would not
necessarily lead to a higher average mileage per
private car.,

The average annual mileage of private cars in
Ireland is significantly higher than that in Britain.
But the Irish estimate of average car usage is
not unreasonably high when compared with certain
other European countries, particularly the Nether-
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lands and Denmark. One possible explanation for
the discrepancy between Irish and British levels of
usage may lie in a higher quality road system in
Ireland (in terms of average speeds which can be
maintained).

Goods vehicles’ usage has been increasing in past
years, and this trend should continue. This is a
reflection of the increasing proportion of heavy
vehicles in the goods vehicle fleet, which are more
intensively used.

Section 6

"This section concerns passenger traffic trends by
road and rail. The number of passengers carried
on omnibuses has declined slightly since 1g35;
omnibus passenger mileage has fluctuated within a
range of about 650—760 million during most of these
years.

On the rail sector, the number of passengers
carried has decreased between 1958/59 and 1966/67,
but due to an increase in average length of journey
there has been an increase in passenger miles from
326 million in 1958/59 to 346 million in 1966/67.

In 1966 we estimate that private cars (including
taxis) accounted for 83 per cent. of total passenger
mileage, compared with 10 per cent. for omnibuses
and 5 per cent. for the railways. The private car’s
share of passenger mileage is likely to increase in
future years.

Section 7

This section deals with freight traffic by road and
rail. The estimated ton-mileage carried by road
transport has increased by 69 per cent. in the period
1960-1g67.

On the rail system, the average length of haul of
freight traffic has increased. The estimated rail
share of total ton-mileage was 18 per cent. in 1966,
its highest share since 1962. This share will probably
decline, at least slightly, in future years.

Section 8

Some features of road transport are examined,
with particular reference to road haulage licensing.
With regard to the structure of the road haulage
industry, the distribution of goods vehicles among
hauliers is extremely skewed; most concerns own
only one lorry, and there is one large concern (CIE).

The share of the “own account” sector in total
freight activity is particularly high in Ireland,
when compared with a number of European coun-
tries. Contrary to expectations, the “own account”
sector’'s share of traffic does not decrease as the
length of haul increases. These two features of road
freight activity may be a reflection of the restrictions
on haulage for hire or reward.

The utilisation of “own account” vehicles com-



pares more than favourably with other sectors—
whether measured in terms of the proportion of
carrying capacity filled, or in terms of the proportion
of empty mileage travelled.

Some theoretical arguments with reference to
road haulage licensing are also considered. Our
comparative data may be of some help in the evalua-
tion of road haulage licensing (and there is a con-

siderable amount of comparative data on Irish/
British road freight patterns in Sexton, 1966/67).
But comparative data are, of their nature, limited in
their scope. There are circumstances peculiar to the
Irish situation. Any thorough examination of road
haulage licensing would of necessity be a complex
benefit/cost exercise, which would need to take into
account the implications for the rail system.

10. POSSIBLE FUTURE RESEARCH WORK

Already in this paper there have been a number
of questions on which our knowledge is scanty and
on which future work would be desirable. Here we
bring together a number of these points, together
with other suggestions regarding future research
work which evolved from the work on this paper.

The results of the time series and cross-sectional
analyses of private car ownership leave much to be
desired. A promising approach might be one which
makes use of the depreciated stock of cars concept
(already referred to in Section 1.4) as a dependent
variable in time series analysis, and uses a price
index of all cars in use as one of the explanatory
variables (if possible, taking account of the quality
change factor which could be particularly relevant
for private cars). It would also be desirable to
integrate more satisfactorily the cross-sectional with
the time series data, than we have done.

On the question of basic data which would help
analyses of car ownership, the basic needs seem to
be for information at the household level on
ownership (including details on multi-car-owning
households) and use; and their relationship with
variables such as household income.

When projecting ton-mileage and carrying capa-
city, which projections were integrated with our
projections of goods vehicle numbers, it was necess-
ary to make many rather arbitrary assumptions. This
was partly because there is only one cross-section,
relating to 1964, which gives information on goods
vehicle activities. More accurate information in
future on trends in ton-mileage, vehicle mileage
and average load would be of interest in itself and
also as a means of estimating future goods vehicle
numbers.

Even if one knew accurately the total ton-mileage
in each year, projections of ton-miieage would ideally
require some further information. This could, for
example, take the form of projections of the value
of sectoral outputs at constant prices which could
be converted into tonnage by using certain factors,
and the tonnage further converted into ton-mileage
by making assumptions regarding the average

mileage of the goods. No information is available
on the nature of firms' demand for road freight
transport. Any survey data on, for example, the
demand for freight transport by different types of
industry, would help the projection of goods vehicles.

In the section on vehicle mileage we did not dis-
cuss the possible future levels of tourist traffic, with
its pronounced seasonal pattern. This is a subject
worth some attention.

We have not had an opportunity to build up any
projections of passenger mileage. This could be done
by either of two methods. Firstly, one could take
the public transport passenger mileage figures and
add estimates of private car and other passenger
mileage. The resulting total could then be projected,
possibly by using explanatory variables such as
income per capita.

The second approach would be a more disaggre-
gated one. Information from a travel survey would
be necessary. This approach is based on an analysis
of journeys by purpose—e.g. whether to/from work,
to/from school, personal business, holiday travel.
One could integrate into this study future assump-
tions concerning the rate of growth of the labour
force (which influences commuter journeys) and
assumptions concerning the numbers of school-
going age. Certain types of journey (typically non-
commuter and non-business journeys) should be
more sensitive than others to the ownership of a
car by the household, and assumptions concerning
the future proportion of car owning households could
also be integrated into this study. One of the most
interesting features of this second approach is that
it would give the opportunity to integrate a con-
siderable number of assumptions concerning the
future trend of factors such as working population.

The above disaggregated approach to the projec-
tion of passenger mileage illustrates one of the poss-
ible uses of a general travel survey. Such a survey
at the household level, covering all types of travel
by household members, could provide much valu-
able information on present patterns of transport
demand.
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The usefulness of survey data on the nature of
firms’ demand for road freight transport has already
been mentioned in the context of goods vehicles’
projections. Such information would be equally
helpful in evaluating road haulage licensing. Such
a survey could find the reasons for choice between
various forms of road transport, and measure the
relative importance of factors such as speed and
reliability in road transport.

On the question of road haulage licensing, there
are a number of specific problems which we did not
have an opportunity to tackle, for example:

(@) The case for a specific licensing system tailored
to specific routes;

() What are the extent of economies of scale in
road haulage? This could be related to the
skewed distribution of road hauliers in the
country, already referred to, in which one
concern has a relatively large share of the
goods vehicles;
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{¢) The desirability of making a distinction
between short and long distance haulage ;52

(@) The implications of changes in licensing
arrangements for the rail system. This could
involve an estimation of marginal costs on the
rail system and a comparison of these with
marginal costs of road haulage (possibly as
reflected in road haulage charges);

(e) The difficult problems created by the creation
of congestion costs on the roads (e.g. by heavy
lorries). One possible justification for the main-
tenance of a road haulage licensing system is
the existence of these congestion costs. The
licensing system could be regarded as a
type of control over road use,%3

%In Belgium, France and Germany, a distinction is made
between short and long distance road haulage, and the short
distance haulage is free of many of the restrictions placed on
long distance haulage. In these countries, an objective of the
licensing system is to protect the railways, and it seems that
short-distance road freight traffic is not thought to compete
with the railways (see Bayliss, Brian J. 1965, pp. 66 ff.).

%2This point is discussed in Munby (1¢65).



APPENDIX A

ANALYSES CONCERNING CAR AND MOTOR CYCLE OWNERSHIP

A.1 Variability of Car Ownership and Motor Cycle
Ownership among Irish Counties

Car ownership rates differ considerably among
Irish counties (Table A1). The number of private
cars per capita in 1966 ranges from -126 (Meath) and
-123 (Tipperary N.R.) to ‘063 (Mayo) and -077
(Leitrim).

Multiple regression analysis is used in relating car
ownership in these counties to certain economic
variables, The hypothesis is that car ownership
varies directly with income per capita and the
proportion of population in a “high” social group,
and inversely with population density and degree of
urbanisation.

‘We test this hypothesis by least squares regression
in the following ways:

linear :
P = agta, X +aXo+ ... +a X, +u
double logarithmic ;

log P=g,+8,log X B log X+,

where: P = private cars per 1,000 persons in 1960;
X, = income per capita () in 1960;
X, = population density (persons per 1,000
acres) in 1g61;
X, = percentage of population in urban
districts in 1961;
X, = percentage of non-agricultural popu-
lation in a high social group in 1961;
X = percentage of total population in a
“high’ social group in 1g61;
and where # is an error term.

o8, log X, tu

Either personal income or income per capita can be
used as an income variable. We use the regressions
with firstly personal income per capita (X';) and
secondly income arising per capita (X",) included as
the income variable.

The year 1g6o is chosen as the basis for the
variables since it is close to the Census of Population
of 1961 and is also the year to which our only county
income figures relate {(Attwood and Geary, 1963).

The following comments relate to the construc-
tion of the independent variables. Personal income is

income receivable by households from all sources,
earned or not. It includes social security and other
transfer payments, emigrants’ remittances and
dividends receivable.

In calculating X, we exclude the two social groups
“farmers, farmers’ relatives and farm managers”,
and ‘“other agricultural occupations and fisher-
men”.%¢ Of the remaining population, those over
fourteen years of age and in the following social
groups are expressed as a proportion of the total:
higher professional, lower professional, employers
and managers, salaried employees. This calculation
is limited to males (whether gainfully or not gain-
fully occupied) and females who are gainfully
occupied.

In calculating X, we add in the agricultural sector.
Since there are only two social groups covering this
sector, we must use a proxy for social group. Two
such proxies suggest themselves—an indicator of
acreage or of rateable valuation. The latter is chosen,
since an acreage classification might conceal great
differences in productivity between farms of different
sizes. The number of male and female farmers whose
farms have a rateable valuation of £30 or over is
added to the “high social group non-agricultural
population” in variable X, and expressed as a
proportion of total non-agricultural (male and
female gainfully employed) plus agricultural (male
and female farmer) population. This £30 dividing
line is an arbitrary assumption,

It would have been desirable to test these regres-
sions with Counties Cork, Limerick and Waterford
divided into County Borough and County Council
areas, and Tipperary divided into North and South
Ridings. Such an approach is not possible since no
published income figures are available for County
Boroughs or other administrative areas which are
smaller than counties.

The basic data on which the regressions are based
are given in Table A1. A step-wise regression pro-
gramme is used. Any independent variable for which
the regression coefficient does not differ significantly
from zero at the 10 per cent. significance level (by
the # test) is dropped, and the regression is recalcu-
lated. But if the F ratio decreases significantly after
the dropping of a certain variable, then this variable

$For a list of the social groups and of the occupations
assigned to them see CSO (1963. Appendix C).
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TABLE Az:

REGRESSION OF CAR OWNERSHIP (P) ON SETS OF INDEPENDENT VARIABLES: IRISH

COUNTIES: LINEAR EQUATIONS

Coefficient
Equation | Constant R?
Number Term X, X X. Xs X X.
Al ~—14.04 ©.3513 —0'00009307 | —0°'04130 —o-3892 0°5709 B52
A s (or0b751)* (0'002072) (c-06229) {0'3156) {o'3291) gnt
* 9 é%ii%mm (?»-523%)' 3
Az —22.01 0'42173 8oz
{0-04268)***
Ag —8633 03226 —aroob771 —0°1540 002848 09879 863
(0-0578g)*** (0002850)* (cr06782)* (0°3263) (o'2623)**
Ag —97.957 03203 —o 006683 —o0r 1524 09012 863
[oo5132)*** (or002013)" (0-06382)* (or2534)%*"
Ab —1'317 02020 1°341 -8ob
(o-03287)*** {orz427)**"
Ay 178 02553 '545
[o'0472)***

is reinserted into the equation. This procedure is
repeated at each subsequent significance level.

In general the linear equations fit the data slightly
better, as measured by R?,and of the linear equations
those incorporating income arising per capita give
better results in almost all cases. Table A2 shows the
results of linear equations only (log-log results are
available on request). The log-log equations point to
the same significant independent variables as do the
linear equations.

With personal income per capita included instead
of income arising per capita in the regressions, the
R2are only slightly lower, but the coefficients not so
significant. The one exception is the simple regres-
sion of car ownership on personal income in
Equation (A.3), which shows a high R% (80 per cent.
of the variability in car ownership being explained)
and a highly significant coefficient. The data for this
simple regression are shown in Chart Ar,

In summary, either Equation (A.2), (A.3) or (A.5)
would seem to represent the most satisfactory fit to
the data of the linear equations, the latter two
equations yielding coefficients which are very highly
significant.

Equation (A.2) shows that car ownership is
positively correlated with both personal income per

{A.13) MC=

This equation has significant coefficients of X",
(income arising per capita) and X, (proportion of
non-agricultural population in a “high” social
group). But the coefficient of X", is positive, which
is contrary to our expectations. The sign of the

(A. 7b}

capita and the proportion of total population in a
“high’’ social group. Equation (A.5) shows that car
ownership is positively correlated with both income
arising per capita and the proportion of total
population in a “high” social group, and negatively
correlated with both population density and urban-
isation,

Motor cycle ownership

A similar cross-section regression is applied to
motor cycles per 1,000 persons (MC), in Irish
counties in 1960. Although the same independent
variables are used as in the car ownership regres-
sions, the hypothesis is different. We expect that
motor cycle ownership is negatively correlated with
income per capita and with the proportion of the
population in a “high” social group, and positively
correlated with population density and urbanisation.
These a priori expectations are consistent with the
discussion of motor cycle ownership in Section

The basic data are given in Table A1. Full results
are not given (although are available on request).
Once again the linear equations give more significant
results. The following equation seems to be the best
from the statistical point of view:

—~o0-1227 40 1168X"; —03670X, R?
(001338)#*%(0'1384)*

814

coefficient of X, is negative, which is what was
expected.

The only other interesting equation is the
following:

MC=0-g103+0-09474X';+0-003032X, 52

(0-02283)***(0-0008728)**

+0'06417X 3—0'5481X,
(0r03072)* (0-1560)**

782
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CHART Ax
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In this equation the sign of the income variable
(personal income per capita) is again positive. Once
again the sign of X, is significant and negative. The
two other coefficients in this equation are both
significant, i.e. X, (population density) and Xg
(urbanisation). Both X, and X4 are positive in sign,
as was expected,

A.2 Household Car Ownership

A.2.1 Relationship between car ownership and house-
hold variables based on HBI

In this section we try to establish a relatively
simple relationship between car ownership and
variables such as household income, using the HBI
tesults. We do not test the possibility of using
discriminant analysis applied to the household cross-
section.®® Neither did we have an opportunity to test
whether a useful relationship could be established
between expenditure on car purchase (taking the net
expenditure, i.e. selling price less trade-in value)
and household income.%

Firstly, we look at Table A3 which shows car
ownership among households in various disposable
household income groups. Disposable income is
equal to gross household income (i.e. direct income

TasLE A3: CAR OWNERSHIP IN HOUSEHOLDS: HBI

DATA
Disposable Household Percentage of Households
Income per week Which Own a Care
Under £4 o3
£4 but under £7 13
L7 ] Ao 74
£]° i1 7] £IS 182
£] 5 » 2] {:20 324
£zo 5 . £2s 441
£25 4 »  £30 479
£30 . o 440 536
£40 ,, o, 450 676
Over {50 734

Note a—-It is not known what proportion of these households
own more than one car.

Source : HBI 1965-66.

®An interesting application of discriminant analysis as
applied to car ownership data is available in Meron’s work
(Meron, 1967a, 1967b). This method assigns an “index” Z
which enables every observation to be allotted to either the car-
owning or the non-car-owning household population. Variables
such as population density and household income can be
selected to determine the “index”.

#A yuseful illustration of this approach is provided by the
work of Mogridge (1967). He determines the expenditure on
car purchase at each income level, and derives a function which
states, for each income level, an average expenditure on car
purchase. He then examines the relationship between this
function of stock value, car ownership level and the structure
of the car population.

plus transfer payments) less direct taxation. It is,
therefore, not unlike the disposable personal income
variable which we used in the Irish time series
analysis.

Households with a disposable income exceeding
£20 per week have a much higher car ownership
than those below this income level. This might at
first seem to confirm the *‘threshold” hypothesis
(which Reynolds 1963 discusses), i.e. that once a
certain income level is exceeded, the propensity to
own cars increases markedly.

But the data in Table A3 are suspect for the
following reason: Income is understated in the
HBI (see report on HBI 1965-66). Total expendi-
ture from HBI is greater than total income (this can
be seen from Table C6). In addition, the degree of
understatement of income may not be uniform
between income classes (see report on HBI 1965-66
for a reference to this point).

Therefore, for these reasons, when analysing the
HBI data, we follow the usual procedure and take
total household expenditure as a proxy for income in
regression analysis. The best solution is to group the
households according to stated income, and to take
total expenditure as the independent variable in the
regression analysis. The regression coefficients may
still be slightly biased, even after this procedure.

In Table C6 the data are grouped by Disposable
Household Income and Household Size. There are
four household size groups within each of the four
disposable income groups. This gives 16 “cells”, i.e.
16 observations. Table C6, and all other tables based
on HBI in this paper which give data based on
disposable household income, do not appear in the
CSO’s Report on HBI. These data were, on request,
specially compiled by CSO for use by ESRL

Chart Az is based on Table C6 and shows the
relationship between ownership of cars and average
household income (taking average total household
expenditure as 2 proxy for income). This chart shows
no evidence of the “threshold” effect.

Regression analysis is now used. From now on, all
references to regression analysis in relation to
“income” relate in fact to the “expenditure” data
contained in the last two Columns of Table C6. We
test two different formulations. In the first formula-
tion household size®” is introduced as an explicit
variable. In the second formulation, the independent
variable is income per capita. Household size
appears implicitly in this latter form.

"When calculating household size, each member of the
household, of whatever age, is regarded as equivalent, It would
have been possible to use equivalent adults (as used by Leser,
1962 in his analysis of HBI 195152, for example). But we have
throughout the paper counted all age groups as equivalent in
calculating per ecapita figures; also equivalent adults seems
more suited to discussion of expenditure patterns rather than of
consumer durable ownership.

5t



Cuart Az: CAR OWNERSHIP? IN IRELAND, COMPARED WITH HOUSEHOLD INCOME®
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The first formulation tested 1s as follows:

where: Y = proportion of households which own a

car (%);

X, = average income per household (shillings
per week);

X, = average number of persons per house-
hold.

The second formulation is:
Y = By t+B Xgtu

where: Y = proportion of households which own

a car (%);
X3 = income per capita (shillings per week).

As well as the above linear formulations, we test
log-log formulations, where all the variables are in
logs, including persons per household.

Most of the regression analysis is based on the
grouping by Disposable Household Income and
Household Size, since Disposable Income seems to
be a more realistic variable for our purposes. As a
check, a limited number of regressions are based on
the grouping by Gross Household Income and
Household Size,

The following are the results of the regressions,
when the data are grouped by Disposable Household
Income x Household Size (basic data for the
regressions are in Table C6):

R2
(A.8) Y= —117740095X,—2761X, L
(0005 )**¥(0r 5577 )4 4* 953
(A.9) Y= —11-5240-090X, )
(0-00g)¥** 863
(Aso)  Y=r11'53+0158%, o
(0.04_4 L 2 4‘73
(A.11) log Y= —15'54+2:468 log X, —0-7916 log X, —
(03734)***  (0'3414)
(A.12) log Y= —15-37+2257 log X, 6
(04149)*** (i
(A.13)log Y= —8-81341°531 log X, 1

(0-3936)**

When the data grouped according to Gross House-
hold Income x Household Size are used, the results
are not markedly different, whether for the linear
or the log-log regressions. Therefore we concentrate
on the above results.

Equation (A.8)—in which household size is
introduced as an explicit variable—gives a much
better fit than does Equation (A.g). The two
coefficients in (A.8) are highly significant, and the
R2 of -953 is very high for a cross-section. The signs
of the coefficients in this equation are what we expect:
car ownership positively correlated with household
income and negatively correlated with household
size. The coefficient of household size means that,
leaving aside the influence of household income,
households with a higher family size tend to have
a lower car ownership.

If we ignore for the moment the problems created
by multi-car households, the Y values in the above
regressions comprise the number of cars per 100
households.®® Accepting this approximation, the

831 there were a significant number of multi-car houscholds
in the HBI sample, then the correct number of cars per 100
households would be somewhat higher.

ownership elasticity of cars per household, with
respect to household income is 1-4. This is calculated
from Equation (A.8) at the joint means (Y = 33,
X, = 494'1). This elasticity is quite near the cross-
sectional elasticities already calculated from data on
Irish counties—i.e. 1°17 in the linear equation and
1.46 in the log-log equations (both with respect to
personal income per capita).

A.2.2 Relationship between car ownership and farm
income, based on FMS

Table A4 shows car ownership on Irish farms by
acreage, and Table Ag car ownership on Irish farms
by family farm income.

Family farm income is gross output less net
expenses. It is the return to the farm labour, mana-
gerial input and capital investment. It excludes
income derived from non-farm activities, and is
therefore not an ideal measure of income.

In a relatively small number of cases, family farm
income is a negative quantity. In such a case the farm
is running at a loss, and can only exist for a certain
amount of time, e.g. by selling off stock (leaving out
of account its possible sources of non-farm income).
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Tasie A4: CAR OWNERSHIP ON IRISH FARMS BY
ACREAGE 1966/67

. Proportion of Farms
Unadjusted Acreages Owning a car

%
5—I5 o C .. 8
15—30 T W e 18
30—50 T B .. 26
50—100 . . . 55
100—150 o .. 4 7o
150—200 .. i i 2%
200—7300 o o5 e 84
Over 300 .. .. 4 72

Note: a—This acreage is not adjusted—i.e, it is not strictly
equivalent to the total effective acreage farmed.

Source : FMS 1966/67.

TapLe As: CAR OWNERSHIP ON IRISH FARMS BY
FAMILY FARM INCOME, 1966/67

. Proportion of Farms

Annual Family Farm Income Owning a Car

%
Less than fo .. .. .. 38
Loto figg .. .. .. 17
£200 to £399 ac .. 24
£400 to £599 a5 a 44
£600 to £799 . g 59
£800 to £999 .. .. 67
L1,000 to £1,209 e .. 78
L1300 to Lr,500 .. o 94
L1600 to £1,009 .. oF 93
£z,000 to £2,509 .. o 97
Over £2,600 .. o0 .. 87

Source : FMS 1966/67.

These tables show that the proportion of farms
which are car-owners becomes very large in the
higher acreage groups and the higher income groups.
There is a very high proportion of car-owning farms
in the income groups exceeding £8oo per annum.

Since the FMS does not provide data on all
sources of income from farms, it is not possible to
integrate the car ownership data from the HBI and
the FMS.

A.2.3 Projection of car ownership based on household
car ownership data

An attempt was made to project car ownership by
using ownership data related to household income.%®
This method gave unrealistically low estimates of
future car ownership, and on further examination
seemed to be basically unstable. A summary of this
approach, rather than the results, is presented here,
The basic assumptions are that:

(a) the distribution of household income remains
the same in future years;

(b) the proportion of car-owning households in
each income group remains the same in future
years.

% This method, though much less sophisticated, owes much
to the work of Faure (1959), and of Vermetten (1964).
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Therefore if assumptions are made concerning the
future level of household incomes, one can calculate
the future proportion of households in each income
group. One can thereby estimate the overall pro-
portion of car-owning households.

A common assumption with regard to income
distributions is that of lognormality. It is possible
to use an approximate graphic method to check the
Irish household income distribution for lognormality
(see Aitchison and Brown, 1957, pp. 31-33). The
cumulative distribution of disposable household
income given in Table A6 is used.

TapLe A6: CUMULATIVE DISTRIBUTION OF DIS-
POSABLE HOUSEHOLD INCOME, 1965-66

Disposable Household Proportion of Families with
Income per Week Incomes less than this income
L %o

4 6:40

7 1450

10 2223

15 4354

20 63-50

25 7561

30 84:11

40 93-84

50 9737

Source: HBI 1965-66.

The values from Table A6 are plotted on logar-
ithmic probability paper—i.e. in Chart A3. In this
chart the scale of ordinates is graduated logarith-
mically and on the abscissa the proportions are
plotted as their equivalent normal deviates. Clearly
the points on this chart lie very close to a straight
line. The straight line in Chart A3 is fitted by eye to
the points. Although this method is not a rigorous
test of lognormality, the approximation to a straight
line is so close that we deduce that household income
is lognormally distributed. It is also possible to
estimate the mean and standard deviation of the
distribution, with reasonable accuracy, from Chart
A3 (see Aitchison and Brown, 1957, p. 32). The
estimated mean of the distribution, & = log, 16-5.

Based on the income distribution in Chart A3
it is possible to estimate the likely future distribution
of household income. The resulting estimate of the
proportion of car-owning households is integrated
with an estimate for “non-HBI"” areas which is in
proportion to the estimated increase in “HBI”
ownership.

The resulting unrealistically low projection of car
ownership is probably due to the highly simplified
approach, the tenuous assumptions made and the
use of HBI data to represent the country as a whole.
Also, car ownership is likely to increase “auton-
omously” over time (i.e. independently of income
changes).



Cuart A3: DISTRIBUTION OF HOUSEHOLD DISPOSABLE INCOAIE, 19635-66

1 i 1 1 ] . J
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Proportion of households with income <y

Source: HBI 1965-66.
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A.3 Data on New Registrations and Scrappage

This method of projecting car ownership is based
on a simple identity. The addition to cars in use
each year equals new registrations less the number
of cars scrapped. Therefore, if we can project new
registrations, and deduct our projection of the
number of cars scrapped, we can derive a projection
of net annual additions to cars in use.

It is rather difficult to project the number of new
registrations particularly over the fairly long period
which we have in mind. There is no discernible
trend over time in the level of new car registrations
per 1,000 persons, as can be seen from Table Cr3.
Since 1960, new registrations per 1,000 persons have
fluctuated between g-g and a “‘high” of 15-1. The
amount of new registrations per annum is highly
susceptible to fluctuations in economic activity. A
model which would satisfactorily explain new
registrations would most likely be a set of simul-
taneous equations. It would use the relationship
between new registrations {R) and the level of car
ownership (P) or possibly lagged car ownership, and

the relationship between each of these variables and
explanatory variables such as disposable income, We
simply test single equation formulations,

We use time series analysis relating to the 1947
1966 period.™ Qur hypothesis takes the following
forms:

R = agta;D+aHP 4-a44+u
log R = By+B, log D+8,HP +-B,t+u

where: R = new registrations per 1,000 persons;

D = disposable personal income per capita
at constant prices ({);
HP = hire purchase dummy variable
= 1 for 1957 and 1966, but o for all other
years;
t = time == o at 1947.

The results of the regressions are given in Table
C7. Of these regression equations, the following
gives the most satisfactory result:

RZ d

(A.14) R=—17'94+0-1468D — 1-767HP

(0-007835)***(0-6625)*

In this equation, the coefficient of both D and
HP are significant at the 5 per cent. level and each
has the sign we expected. The equation which
incorporates both D and the time trend has a
significant coefficient for D but a non-significant
coefficient for t.

The simple regression of R or D is also satis-
factory in terms of goodness-of-fit, but the above
equation is chosen for projection purposes, due to
its higher R2.

In addition to projecting new registrations, it is
necessary to deduce the likely future pattern of car
scrappage. The scrappage rate of private cars is
estimated as follows: Let the number of private cars
at August in year t (August being the month in
which the annual count of vehicles is made) be P,
and let the number of new registrations in the twelve
months ending July of year t be R,. Then the number
of cars scrapped is equal to R,—({P,—P,~;). Table
A7 and Chart A4 show the new registrations and
scrappage of private cars in each year ended July,
since 1950.

If the number of cars scrapped in the twelve
months ending July of year t is taken as a function
of P—,, it is possible to calculate scrappage rates.
These calculations are shown in Table A7, Over the
past twelve years the scrappage rates have remained
reasonably constant, at around 7-8 per cent. per
annum,
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TasLe Ay: PRIVATE CARS IRELAND: NEW REGIS-
TRATIONS AND SCRAPPAGE, 1950-1967

New Registra-| No, of Cars Scrappage
Year tions year Scrapped year Rates %
ended July ended July
1950 17,695 4,466 621
1951 16,087 4$513 530
1952 14,005 5,819 6-02
1953 12,404 8,499 810
1954 18,764 10,109 926
1955 23,688 13,637 Ir-61
1956 19,302 10,852 8-51
1957 10,709 11,657 857
1958 19,041 10,686 791
1959 21,455 10,769 751
1960 26,534 10,907 7-08
1961 28,102 11,481 677
1962 31,177 10,313 5'54
1963 34,775 12,816 619
1964 40,056 14,687 641
1965 45,562 18,608 731
1966 37,497 22,573 8.0z
1967 39,763 21,701 7732

Source : BA: DLG Annual Census.

Equation (A.14) is used to project new registra-
tions per capita. This projection is combined with
assumptions concerning scrappage rates and a pro-
jection of car ownership results.

"We have concentrated on relatively simple formulations,
using parameters estimated over the rg47-1966 period. No
attempt has been made (as in the section on private car owner-
ship) to study the 1947-57 and 1958-66 periods or to examine
the hypothesis that a structural change in the economy since
1958 would have affected the relationship established.
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Taking Equation (A.14) as the basis, Table A3
shows the levels of new registrations associated with
alternative growth rates of disposable income.
Table A8 is drawn up on the assumption of no hire
purchase restrictions (and therefore variable HP =o).

TaBLE A8: PROJECTION OF NEW REGISTRATIONS
PER 1,000 PERSONS, ASSUMING ALTERNATIVE
GROWTH RATES OF INCOME

Average Growth of Real Disposable

Year Personal Income {per cent per annum)

2’5 3o 3's 40

1967 {actual} 14 14 14 14
1970 8% 18 19 20 20
1975 - 23 25 27 29
1980 » 28 3z 35 39
1985 o 33 40 45 51

As was done in the section on projected car
ownership, the following assumptions are made
concerning the average growth of real disposable
personal income: 40 per cent. per annum 1966—

13

1970; 3'§ per cent. per annum 1970-1980; 30 per
cent. per annum 1980-1985. It is also assumed,
based on Table A7 that the average scrappage rate
in the future will be 7 per cent. per annum. The
projection of new registrations, and of car ownership
given in Table Ag is then obtained.

The outcome of this projection is a car ownership
of 206 per capita in 1975 and 380 per capitain 1985.
This projection is considerably higher than those
which we have made earlier. It is felt to be unreliable,
partly because of the number of assumptions which
have been necessary to derive it.

TasLe Ag: PROJECTION OF NEW CAR REGISTRA-
TIONS AND OF CAR OWNERSHIP, 1967-83

New Registrations Private Cars

Year per 1,000 persons per capita
1967 (actual) .. 14 o109
1970 .. . 21 o 141
1975 .. .. 28 o200
1980 .. . 36 o287
1985 .. o0 45 o380



APPENDIX B

VARIABILITY OF LIGHT GOODS VEHICLE OWNERSHIP AMONG IRISH
COUNTIES

A cross-section of observations is taken from the
Irish counties in 1962, and we try to explain their
ownership in terms of explanatory variables such as
income per capita and characteristics of the retail
trade, Information was not yet available at the time
of writing from the Census of Distribution and
Services 1966, and it is necessary to rely on
information from the Census of Distribution 1956.

We test whether there is any cross-substitution
between light commercial vehicle ownership and car
ownership, by including car ownership as an

"'The year 1960 (for which county income figures are avail-
able) or the Census of Population vear of 1961 would have been
more appropriate years. This was the earliest year for which
information on the ownership, by county, of light commercial
vehicles was available.

independent variable. We also test, as in the
passenger cars regressions, whether ownership of
“light vans” is related to either population density
or urbanisation (proportion of population in urban
districts).

The dependent variable is the number of light
commercial vehicles per 1,000 persons’ owned in
each county (Y). This is taken as either the number
of commercial vehicles of 1 ton unladen weight or
under per 1,000 persons (Y,), or the number or
commercial vehicles of 1} tons unladen weight or
under per 1,000 persons (Y,).

#Each county’s population in 1962 is estimated by linear
extrapolation from CP 1961 and CP 1966.

TaeLe Bi: OWNERSHIP OF LIGHT COMMERCIAL VEHICLES, AND CERTAIN ECONOMIC VARIABLES,
IRISH COUNTIES 1962

Commercial goods vehicles per 1,000
persons, 1962

Private cars per Sales per retail Percentage at

1 ton unladen 1% tons unladen 1,000 persons trade establishment | work in tertiary

County weight or under weight or under 1962 X, 1956 4’000 sector 1961 Xg

1 2

(1) () (3) 4) {(s) (6)
Carlow 81 91 8o'7 76 35.0
Cavan 98 10°9 627 53 251
Clare 96 10°3 584 30 26'5
Cork 12°4 14'3 8oz 59 403
Donegal .. 67 81 527 4'8 291
Dublin g0 o 832 154 6o'g
Galway 65 71 52-6 5°4 280
Kerry 6-6 7-8 592 39 306
Kildare 78 88 82-3 73 414
Kilkenny 61 69 78-6 60 37
Laoighis .. 60 7% 85-7 62 29°4
Leitrim 76 83 68-2 19 208
Limerick 82 o8 733 57 426
Longford 56 10°1 731 53 271
Louth 98 111 731 8z 41°0
Mayo 4'0 60 451 41 231
Meath 114 12:6 874 56 301
Monaghan 112 12-9 64°3 64 204
Offaly 64 77 710 63 293
Roscommon 56 63 517 40 216
Sligo 9-8 1007 547 50 304
Tipperary 81 9z 88-2 51 32°3
Waterford 90 109 766 72 427
Westmeath 69 78 74'9 5'9 399
Wexford .. 114 12°6 758 73 363
Wicklow 13°0 142 768 73 43'9

Source: cols. (2), (3):

Information from DLG; CP 1966 Vol. I Table IIL

col. (4): SA.
col. (5): Census of Distribution 1956, Table 2B.
col. (6): CP 1961 Vol. IV Fable 4.



The hypothesis takes the following forms:

linear :
Y = ot X tagXot+. . +a, X, +u

double logarithmic :
logY = Bo+Blog X +Blog Xo+ .. . +B,log X, +u

where: Y = number of light commercial vehicles
per 1,000 persons in 1962.

X, = income per capita (£) in 1960.

X,y = private cars per 1,000 persons in 1962.

X5 = population density (persons per 1,000
acres) in 1g62.

X, = percentage of population in urban
districts in 1961,

X5 = total sales (fooo) per retail trade
establishment in 1956.

X = percentage of persons at work in the
tertiary sector (building and con-
struction are excluded but com-
merce and other services are
included) in 1961.

and where u is an error term.

Once again it is possible to use personal income or
income arising as our income measure. The regres-
sions are tested with firstly personal income per
capita (X';) and secondly income arising per capita
(X"")) included as the income variable.

The data (except for values of explanatory
variables already given in Table Ar) are outlined in
Table B, and the results of the regressions are
givenin Tables B2 and B3. The step-wise regression
programme described in Appendix A is again used.

In the regressions which have Y, as dependent
variable, the results are quite poor: no coefficient is
significant at the § per cent level, and only 29 per
cent. of the variability in light commercial vehicle
ownership is explained. Equation (B.2) is similarly
unsatisfactory.

The regressions with Y, as dependent variable are
more satisfactory. The best overall equations are
(B.4) and (B.9g). Equation (B.g) explains 46 per cent.
of the variability in light commercial vehicle owner-
ship and all the coefficients are significant at the g
per cent. level. This equation shows that “light vans”
ownership is negatively correlated with personal
income per capita, and positively correlated with
both private car ownership and urbanisation. The
coefficient of car ownership (i.e. the cross-substitu-
tion term) is the opposite to what had been expected.

In summary, the results do not conform very well
with our expectations. It had been expected that the
ownership of light commercial vehicles would be
positively correlated with variables such as retail
sales, and that it would be negatively correlated with
car ownership. Neither of these postulates is
confirmed by the regressions.

TapLe B2: REGRESSION OF LIGHT COMMERCIAL. VEHICLE OWNERSHIP ON SETS OF INDEPENDENT
VARIABLES: IRISH COUNTIES: LINEAR EQUATIONS

Equa- | Dependent|Constant Coefficient
tion Variable Term R?
Number X’ X X, X, X, Xg Xe
B.1 7414 | —0-06136 o183 | —0'0006388 o-03027 — 0005473 o'1390
v (o03781) (006868) | (o001722)| (0'03415) {o'5204) | (0-1036}| 344
B.z ' 4010 —0'030900 007183 | oeoor147 004005 001058 01347
(003778) | (00bs512)| (0'001920)| (0-03696) (o5507) | (0'1r30) | -293
B.3 1002 |—0 00011 01579 | —o-0003861 ©'03376 | —0'00009529 01549
{0r03569)* (0-06433)* | (croo1625) | (0'03223) (0°4997) | (o09971) | 466
B.g4 Y. 1950 | —0 08913 o 1527 01635
(0-03507)* {o-05948)* (0-05983)*| 402
B.5 5.403 —0'07153 01202 | 00000843 0'05200 003721 01635
(o-03613) | (0-06229) | (0-001836) | (0'03535) (0-5268) (o'1081) |-408

Tasie B3: REGRESSION OF LIGHT COMMERCIAL VEHICLE OWNERSHIP ON SETS OF INDEPENDENT
VARIABLES: JRISH COUNTIES: LOG-LOG EQUATIONS

Equa- ; Dependent| Constant Coefficient
tion Variable Term Rt

Number log X', log X°, log X, log X, log X, log X; log ¥,

B.6 4053 —1°436 09016 —0r62712 0°01342 —0'0490 05627
log Y, {0-8267) (o-4970) (¢'1270) | (v'o1057) (03304} | (0°3990) |-379

B.7 05865 —o4569 0-4873 003467 001173 —~0'1083 05023
(0°6464) | (0-4644) (01438) | (oro1118) (0'3488) | (o-4437) |-208

B.8 5.770 | —1'952 1.187 000290 001595 00007486 o-4806
(0-6333) {03807)**| (0'09727)} [(0-008100) (02531} | (0-3056) |'561
B.g 4556 — 1448 [.241 002213 456

(0-6000)* (or3867)** {o-007705)

B.io .. log Y, 1'goI — 1072 o8155 ©'1174 | 001397 0-063533 o'5183
(o-5149) | (0-3690)* (o1145) |(0008g03) (02778) | (0°3534) {404

B.n 1230 —0-8504 06243 07737
(0'4570) | (0'3302) (0r2998)*| 375

B.rz .. ©'5549 o-4850
(0-1739)* 245

6o



APPENDIX C
STATISTICAL TABLES

TasLe Cr: NUMBER OF MECHANCIALLY-PROPELLED VEHICLES IN IRELAND 1947-1967 (AT 10 AUGUST

EACH YEAR)
Public Service Road Locomotives, Exempt
Private Vehicles Commer- | Motor Tractors, etc. Motor from Other Total
Year cars | | cial Goods Cycles | Road Tax | Vehicles | Vehicles
6 seats over | Vehicles General Agricul-
or under 6 seats I including | Haulage tural
dumpers Haulage
() (2) 3) (4) (s) (6) )] (8) {9) (10) (11)
1947 | 52,187 5,399 816 18,838 311 5,682 4,645 2,496 == 99,374
1948 60,453 6,753 933 22,806 786 8,425 5,004 2,842 — 108,002
1949 | 71,911 7,013 1,174 23,698 68g 9714 5,291 3,046 — 122,536
1950 | 85,140 6,759 1,231 24,726 515§ 11,255 5,801 2,707 . 138,134
195t | 96,714 6,835 1,229 20,721 524 14,165 6,403 3,339 = 155,982
1952 | 104,900 6,719 1,230 28,315 500 15,956 7,980 2,198 = 167,798
1953 | 108,805 5,688 1,224 33,196 495 18,426 11,317 3,466 536 183,153
1954 | 117,460 5,343 1,245 37,090 654 22,755 15,052 3,880 553 204,032
1955 | 127,511 5,013 1,301 40,175 631 26,448 21,436 3,858 625 226,998
1956 | 135,961 4,472 1,372 41,880 653 27,887 26,539 3,643 637 243,044
1957 | 135,013 5,188 1,377 43,233 472 34,397 28,571 3,970 857 253,078
1958 | 143,368 4,841 1,388 43,433 423 33,547 30,568 4,264 843 262,675
1959 | 154,054 4,367 1,426 43,634 506 35,295 34,059 4,183 945 278,469
1960 | 169,681 4,096 1,436 43,330 520 36,970 41,467 4,189 878 302,767
1961 | 186,302 3,868 1,466 43,838 582 39,723 45,594 4337 931 326,641
1962 | 207,166 3,823 1,478 44,874 658 43,123 48,268 4,563 952 334,905
1963 | 229,125 3,649 1,514 45,433 675 46,253 49,520 4,741 1,119 382,038
1964 | 254,494 3,426 1,562 46,928 736 49,890 52,173 4,791 | 1,263 415,263
1965 | 281,448 3411 1,608 48,276 813 §2,098 51,968 5157 | 5,448 447,129
1966 | 296,372 3,562 1,636 46,922 Ba1 53,503 47,091 5,327 | 1,545 458,779
1967 | 314,434 4,134 1,777 45,980 B34 55,908 45,668 5,645 | 1,666 476,046

Source: SA: DLG, Annual Census.

TasLe C.2: MACRO-ECONOMIC DATA FOR IRELAND

1947-1966
Real Disposable GNP per capita at
Year personal income congtant (1958)
per capita market prices
(r) (2) (3)
£ £

1947 137°0 168-4
1948 144'1 1761
1949 1554 1854
1950 1585 1876
1951 157°9 1906
1952 1585 1964
1953 164°5 2028
1954 164'7 205°3
1955 17173 210'9
1956 1689 2090
1957 170'2 z12'1
1058 167:3 2107
1959 177'9 222°3
1960 1860 232'§
1961 1976 2443
196z 202'3 2501
1963 206:6 2566
1964 221'L 26G+6
1965 2217 2738
1966 2236 2774

Source: col. (2) NIE 1966 Tables A7, By;
RVS 1965 Table 1; CP 1966, Table III

col. (3) NIE 1966 Tables A4, B6;
RVS 1965 Table 1; CP 1966, Table III.
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TasLe C3: CAR OWNERSHIP, PER CAPITA GDP
AND POPULATION DENSITY IN 58 COUNTRIES,

1964
Private cars | Per capita Population
Country per 000 GDP at density
population factor cost? {persons

1964 1964 per square

kilometre)
1964

$
Austria .. 50 97 1,033 86
Belgium ac 124 1,462 307
Cyprus .. .. 6o 591 63
Denmark 00 143 1,684 110
Finland .. 82 0923 14
France .. .. 182 1,579 88
Germany (F.R.) 143 1,766 226
Grecce .. a6 9 450 65
[reland .. .. 91 895 41
Italy .. .. 91 1,032 170
Luxembourg .. 170 1,737 127
Malta & Gozo .. 63 388 1,024
Netherlands .. 87 1,431 361
Norway . 1z 1,882 11
Portugal .. 21 418 99
Spain .. a0 20 545 62
Sweden . 217 2,605 17
Switzerland .. 143 2,071 142
Turkey . . ag 3 209 39
United Kingdom 156 1,608 222
Australia o 243 1,807 1
Canada .. ¥ 261 2,100 z
U.S.A, .. .. 373 3,002 21
Argentina .. 33 61z 8
Barbados .. 45 375 503
British Guiana 14 3279 3
Chile .. .. 11 456 I
Costa Rica .. 14 270 27
Dominican

Republic .. 8 206 72
Ecuador .. 3 194 17
Guatemala . 6 295 40
Jamaica .. 29 528 159
Mexico .. .. 17 428 20
Nicaragua ‘e 8 229 11
Panama . 21 483 16
Peru .. o 11 240 9
Puerto Rica .. 87 963 290
Trinidad and

Tobago a0 54 617 183
Venezuela oG 42 702 g
Ceylon .. 5¢ 8 142 167
Japan .. .. 17 718 262
Korea, Rep. of = 143 281
Philippines e 4 129 104
Vietnam, Republic

of .. . 2 74 92
Congo, Dem.

Republic of .. 3 73 7
Ghana .. . 4 204 32
Ivory Coast 7 142 1z
Kenya .. o8 7 95 6
Libya .. 80 22 109 H
Mauritius .- 17 216 387
Morocco .. 12 153 29
Senegal . 8 124 17
South Africa .. 58 700 L4
Southern Rhodesia 23 268 11
Tanzania? . 3 82 11
Tunisia 50 11 209 28
Uganda 58 4 78 31
Zambia . . .. 10 264 5

Notes : a—In U.S. dollars calculated at parity rate.
b-—Data for former Tanganyika only are available.

Source; U.N. Statistical Yearbook 1965, Table 154;
U.N. Demographic Yearbook 1965, Table 2;
U.N. Yearbook of National Accounts Statistics
1965, Table gB.



TasLe C4: CAR OWNERSHIP IN IRISH COUNTIES AND COUNTY BOROUGHS, 1g951-1966

Private cars per capita, average in Private Growth rate of private cars per capita,
. i each period® cars per average 1n each period
Administrative Area capita
19664
1951 — 1956 — 1961 — 1951 = 1956 — 1961 —
1956 1961 1966 1956 1961 1966
Yo Yo A

Carlow .. .. .. ‘044 ‘oba ‘090 ‘109 7'5 6.9 80
Cavan .. .. . ‘028 ‘043 ‘075 '0QQ 75 116 11.7
Clare .. ok e ‘024 ‘040 ‘ob8 ‘090 103 10§ 12°0
Cotk C.C.and C.B. .. ‘042 -obo 089 ‘110 74 76 3-8
Donegal 0o o ‘023 038 ob1 ‘078 12°0 9'4 10°7
Dublin C.C. and C.B. ‘052 066 092 II2 3'9 5'9 81
Galway .. 00 o5 026 ‘040 ‘obI 078 10°5 78 10°2
Kerry .. v .. ‘024 ‘041 ‘0b7 087 12°9 95 ic-8
Kildare .. . .. ‘046 ‘oby7 093 3 & 10°4 52 83
Kilkenny .. .. ‘044 -0bz -o8g ‘Ito 84 5'0 88
Laoghis .. .. ‘044 -ob7 ‘003 111 109 65 73
Leitrim .. o6 ‘026 046 068 077 136 108 51
Limerick C.C. .. . 037 059 088 “I1I 1230 6-g7 97
Limerick C.B. .. .. ‘036 ‘048 068 086 6-26 510 9-3
Longford .. . ‘035 ‘053 ‘083 ‘106 90 86 1073
Louth .. .. .. ‘041 ‘057 086 ‘LIl 65 69 10°0
Mayo .. . ac 020 ‘032 -obo -0b8 116 83 -8
Meath .. .. .. ‘052 068 ‘099 ‘126 59 5'4 10°1
Monaghan ac ac ‘034 ‘040 ‘074 004 72 7'2 1072
Offaly .. . .. ‘038 ‘056 ‘081 009 94 70 84
Roscommon .. o 026 ‘040 obg 087 112 72 12.6
Sligo .. .. S 028 ‘041 066 086 81 80 11-§
Tipperary N.R. . ‘049 ‘072 ‘101 ‘123 10-64 567 82
Tipperary S.R. .- ‘047 -068 004 ‘K13 919 5'74 77
Waterford C.C. ¥ ‘045 063 ‘0go 112 7°29 ‘21 89
Waterford C.B. o 037 053 076 -086 494 980 5%
Westmeath .. g ‘042 ‘059 084 100 74 70 74
Wexford . T ‘040 ‘057 080 Iz 89 62 112
Wicklow .. i ‘041 ‘057 ‘088 ‘114 65 72 109

Notes : a—Data exclude government-owned cars.
C.C.=County Council,
C.B.=County Borough.

Source : Information from CSO;
CP 1956 Table 6;
CP 1961 Vol. 1 Table 1115
CP 1966 Preliminary Report.
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Tasie Cs: CAR OWNERSHIP IN USA AND IN SWEDEN 1920-1966, TOGETHER WITH CALCULATED
OWNERSHIP DERIVED FROM FITTED LOGISTIC CURVES

USA: cars per 1,000 persons Sweder : cats per 1,000 persons
Calculated ownership Calculated ownership
Year
Actual Assuming Assuming Actual Assuming Assuming
ownership uniform proportional ownership uniform proportional
error error error error
(1) (2) (a) @ (s) (6) (7)

1920 . 76 135 122
1921 .. 8s 138 125
1922 .. 97 141 128
1923 50 118 143 132 6 4 8
1924 30 135 146 135 8 5 9
1925 o 151 149 1319 10 5 9
1926 . 164 153 143 12 6 10
1927 .- 169 156 147 13 7 11
1928 .. 177 159 150 15 3 12
1929 ‘e 189 163 154 16 10 13
1930 . 187 166 159 17 11 14
1931 . 180 170 103 17 12 16
1932 T 167 173 167 16 14 17
1933 o6 164 177 171 6 ) 19
1034 o 170 181 176 16 18 21
1935 . 177 185 181 18 21 22
1936 a0 188 189 185 19 24 25
1937 .. 197 193 190 21 27 27
1038 .. 194 198 195 25 30 30
1939 .. 200 202 200 29 34 3z
1940 o0 207 207 205
1941 o0 221 212 211
1942 o0 207 216 216
1943 50 192 222, 222
1944 .. 190 227 227
1945 .. 193 232 233
1946 .. 200 238 239
1947 .. 214 243 245 24 38 36
1948 a0 227 249 252 26 43 39
1949 a6 244 256 258 28 48 43
1950 o0 266 262 2635 36 53 4%
19571 .. 277 268 271 43 6o 52
1952 a6 280 275 278 50 66 57
1953 ae 202 282 285 59 74 64
1954 .. 300 290 292 77 82 70
1955 .. 316 207 300 QI 91 78
1956 a8 323 305 307 100 101 87
1957 .. 327 313 315 116 112 97
1958 .. 327 322 322 132 123 108
1959 - 335 330 33c 145 136 122
1960 . 341 339 338 159 150 137
1961 a5 344 349 347 172 165 155
1962 .. 353 359 355 189 181 177
1963 96 364 369 364 204 198 203
1964 - 374 380 172 217 217 234
1965 a5 387 391 381 233 238 273
1966 . 308 403 391 244 260 323

Source: Col. (2)—U.S. Department of Commerce, Highway Statistics Summary to 1953 Table MV—-200; Bureau of Public
Roads, Highway Statistics (annual); Bureau of the Census, Statistical Abstract of the United States
(annual),

Col. (5)—The Association of Swedish Automobile Manufacturers and Wholesalers, Motor Traffic in Sweden
1967, p. 19.



TasLe C6: CAR AND MOTOR CYCLE OWNERSHIP, INCOME AND OTHER VARIABLES IN IRISH HOUSE-
HOLDS: DATA GROUPED ACCORDING TO DISPOSABLE HOUSEHOLD INCOME x HOUSEHOLD SIZE<

Income (shillings per week) Household Size Proportion | Proportion | Household Expenditure
(average number of house- of house- {shillings per week)
Disposable Gross of persons) holds holds which
which own | own motor Average per
Group Average Average Group Average cars cycles household capita
% %

Under zoo 105791 108-07 I or2 1'44 3 2 140-08 9728
142°29 14481 329 6 2 22471 63-30

155'83 15835 5'29 5 2 25389 47'99

156°34 15768 2-40 ) o 21982 2971

200 but under 400 28172 30537 | 3or4 1-82 26 5 326-67 179°49
301°94 314:60 348 27 8 3180-82 10943

304°35 311°41 546 24 6 382:70 70'09

312:97 319'72 837 17 9 39618 4733

400 but under 6oo 47380 54966 sorb 1-84 48 3 boo-68 32646
48548 525-80 358 54 5 579°39 161-84

491:38 51265 542 47 6 57793 10663

495'23 50090 897 30 10 575°05 65-57

600 and over 944'74 1,135°1¢ | 7 or more 1'92 62 4 72392 37704
82115 95648 362 63 7 79584 219-85

79314 87339 546 65 11 839:40 153'74

84616 goz+72 874 49 14 888-56 101-67

Note: a—The 16 observations given are obtained from the 4 X 4 grouping Disposable Household Income X Houschold Size.

Source : HBI 1965-66.

TasLe C7: REGRESSIONS OF NEW CAR REGISTRA-
TIONS (R) ON SETS OF INDEPENDENT VARIABLES

R? d
DA AR s T L R R
RS | e
R= 17-:8+(g:;6+§;_‘1?)_" ‘935 | 160
TR G | o] ve
log R=—14's64 3197 log D 904 | 76
R= 1665 -Qg:;g;g;;, 869 | 116
R= ]6.91-*-(3:;1328]3)"2‘ 783 | 100
log R=—I3'I°+(§:gigsl?§_9—l 814 | 118
B 7ot | vot
A R=o-1084-lig:;§;§SD 146 | 197
AlogR=—o-ors37-|Eg:fgg)A log D ‘142 | 188
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TasLe C8: GOODS VEHICLES IN IRELAND CLASSIFIED BY UNLADEN WEIGHT 1947-1967

Year 1 ton 1-2 tons 23 tons 3—4 tons 43 tons 57 tonsb over Total
and under = tonsd
1947 .. 5,987 5,213 6,809 441 236 42 8 18,733
1948 .. 8,770 5,444 7.477 535 313 102 21 22,662
1949 .. 10,132 4,976 7,316 614 317 139 28 23,522
1950 .. 11,107 4,591 7,611 665 327 152 ar 24,544
1951 .. 12,185 4,376 8,409 856 385 257 52 26,520
1952 .. 13,168 4,002 8,307 1,023 361 297 56 27,254
1953 .. 18,598 3,757 8,329 1,538 408 179 144 32,953
1954 .. 21,168 4,357 8,518 1,847 500 264 166 36,829
1955 .. 24,418 3,637 8,731 2,104 540 265 171 39,866
1956 .. 26,400 3,437 8,203 2,364 602 308 184 41,597
1957 .. 28,180 3,376 7,772 2,465 693 114 173 42,973
1958 .. 28,563 3,225 7,256 2,879 538 358 235 43,054
1959 .. 28,725 3,352 6,764 3,289 556 350 206 43,242
1960 .. 27,611 4,016 5,078 4,246 1,154 676 370 43,151
b .. 25,233 5,750 4,472 4,958 1,729 851 441 43,434
196z .. 24,836 6,203 4,331 5,389 1,983 1,071 489 44,302
1963 .. 24,386 6,494 4,239 5,516 2,407 1,198 503 44,743
1964 .. 24,8353 7,16 4,161 5,483 2,768 1,243 520 46,177
196y .. 25,008 7,641 4,215 5,527 3,088 1,410 541 47,430
1966 .. 23,308 8,037 4,133 5,393 3,176 1,436 350 46,033
1967 .. 21,058 8,545 3,985 5,232 3,739 1,754 728 45,041

Notes: a—Exclude steam-driven and electrically-propelled vehicles.
b—Estimated figures for period 1947-1951.

Source: DLG Annual Census.

TasLe Cg: ESTIMATED AVERAGE ANNUAL MILE- TasLE Cio: ESTIMATED AVERAGE LOAD PER
AGE PER GOODS VEHICLE: IRELAND (1g64) AND GOODS VEHICLE: IRELAND {1964) AND GREAT
GREAT BRITAIN (rosz, 1958 AND 1962) BRITAIN (1952, 1958 AND 1962)

Average Annual Mileage (to
nearest hundred)

Unladen Weight Average Load (tons)

(tons) Irelznd Great Britain Unlac;::ngeiﬂ“ Ireland Great Britain
1904 6
1952 1958 1962 Ton4 1952 1958 1962
(1} (2} (3) (4} (s5)
Quer Not Over
1 3,800 9,100 8,500 5,800 (1) (2) (2) (4} (s}
1 2 9,100 0,900 | 10,200 2,400
2 3 11,900 | 15,800 | 10,200 :g,soo
3 5 19,200 | 21,500 | 23,300 | 18,500
5 .. | 27,400 | 28,000 | 31,500 | 25,400 Over  Not olv" o024 oaa
ToTaL .. g,000 | 12,700 | 12,500 9,900 z 050 0.‘4-5 ol-é-; 047
3 S 1-65 213 1'59 1-88

389 364 365 3-69
6-10 708 722 6-8s
2-52 264 312 2'39

L
(%]

Note: 'The figures given in col, (2) differ slightly from the
corresponding figures in Sexton (1966-67) where the divisor ToTaL
was the total number of “‘relevant” vehicles, i.e. where vehicles
not included in the transport of goods had been excluded
without making any difference to the total vehicle miles
involved.

Source: Col. (2): SSRF, Table z.
Source : Col. (2)}: SSRF Table 2.

Col. (3): Glover and Miller (1934), Tables 1, 10, 20.
Col. (3): Glover and Miller (1954), Tables 1, 10.

Col. {4): Ministry of Transport and Civil Aviation Col. (4): %\;Iinis)tryrzgl'fsra?sgugt and Civil Aviation
(1959), Tables 1, 6. 9594 SRS

Col. (5): I\%inistry of Transport (1964a), Tables 3, Col. (5): Mingstry of Transport (19644), Tables
18. 3, 18, 20,
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TasLe Cir: ESTIMATED AVERAGE CARRYING TABLE Ci3: OTHER DATA ON VEHICLES IN

CAPACITY PER GOODS VEHICLE: IRELAND (1964) IRELAND 1947-1967:
AND GREAT BRITAIN (1952, 1958 AND 1962) (@) NEW PRIVATE CAR REGISTRATIONS
(6) TOTAL VEHICLE OWNERSHIP
Average Carrying Capacity (tons)
Unladen Weight Private Cars: New Total Vehicles
(tons) [reland Great Britain Year Registrations per per capita
1964 1,000 Persons
1952 1958 1962
(1) (2) (&3]
(1) (2) (3) &Y (s)
1947 2-8 ‘030
Under 1 .. . 0'54 045 ©43 o'52 1948 43 ‘036
1 — 2 .. 00 1-08 1°35 1'13 o78 1949 51 ‘041
2 — 3 . . 396 345 412 | 318 1950 59 047
3—-4 o .| 75 . . 573 1951 52 ‘053
4 =5 .. .| Bgb 658 ip 668 7‘43 1952 4 057
5 — 7 o e oo | 1022 . . 1074 1953 4 -0bz
Over 7 .. .. | 1350 11-06 12719 | 1369 1954 71 obg
1955 81 ‘078
1956 51 ‘084
Source : Col. (2): SSRF, Table 45. 1957 47 088
Col. (3): Glover and Miller (1954), Tables 1, 3. 1958 g'!' :°9§
Col. (4}: Ministry of ‘Transport and Civil Aviation :g_gg _I ‘?g
(1959), Tables 1, 2. 1361 Ig.? ‘”g
Col. (5): Ministry of Transport (1g964a), Tables 1962 113 ‘123
35 1963 .. 00 13-0 ‘134
1964 .. o 14°4 ‘145
1965 .. .. 151 ‘156
TaBLE Ciz: MOTOR CYCLE OWNERSHIP, NATIONAL 1966 .. ae 137 159
INCOME PER CAPITA AND POPULATION DENSITY 1967 .. . 136 ‘165
IN 20 COUNTRIES 1965
Seurce: Col. (2): SA; Information from CSO.
Motor National Population Col. (3): 5A; DLG, Annual Census.
cycles per | income Density
1,000 per capila (persor_xs per
Country persons | 1965 | square kilometre)  pypip Cr4: PRIVATE CARS CLASSIFIED BY HORSE
1905 1994 POWER: 1958, 1961 AND 1966
(r) (2) (3) (4) i
e - 28 . 87 Horse power 1958 1961 1966
Belfium e 15 1,406 310
Finland .. 16 1,399 14
France .. . 8 1,436 89 207 S
Germany 86 10 1,447 229
Great Britain .. 21 1,451 231 3 Ig gg,}sS3 76’6fg [:4’89-§
Greece .. . 6 566 635 153 744 117,59
Ireland . :8 583 e 10 12 20,401 24,785 31,471
Ttaly - 55 883 171 e I4 1’327 5:365 25,080
Luxembourg .. 26 1,498 128 ;g ;g 2 62 :’zél :’972
Netherlands .. 11 1,265 366 20 'g‘: O Z ’52
Norway . 16 1,453 I 24 0 9 ,gz :,g 4
Por'tugal . 3 351 100 S 317 93 33
?“Ll:;eg::;a o Ig z,?gg x‘:‘j ToTaL .| 143,368 | 186,302 | 296,372
%alawi . o 18 33
So‘:xrt%cx)frica ;, ;Zg 3? Source : DLG, Annual Census.
Uganda® I 77 12
Brazi(li 3 317 10
S ; 2303 . TasLe C1s: ESTIMATED  AVERAGE  ANNUAL
Ceylon .. 4 ’xso 171 MILEAGE FOR EACH CLASS OF VEHICLE IN
India o g6 59 GREAT BRITAIN, 1960, 1963 AND 1967
Iraqe I 193 18
}:as::iiltana l‘? "°gg :Z; . Annual Mileage per Vehicle
Australia 6 1,620 I Class of Vehicle
New Zealand 1 1,706 10 1960 1963 1967
Private cars and private
Notes: a—1964. Al;rans s o0 7,500 7,600 8,000
motor cycles .. 3,500 2,700 2,400
b—1966 for motor cycle stock. Buses and coaches .. | 30,500 29,600 30,500
Source: Col. (2): International Road\?‘ederation, Statistical All goods vehicles s 12,700 12,800 13,700
Data 1965, Table IV. All Motor Vehicle 8 oo 8,300
Col. (3): U.N. Yearbook of National Accounts otor e 7,500 S =
Statistics 1966.
Col. (4): U.N. Demographic Yearbook 1966, Source : Highway Statistics 1067, Table 21.
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TaprLe C16: ESTIMATED AVERAGE ANNUAL
MILEAGE PER PRIVATE CAR IN CERTAIN
COUNTRIES

Average

Country Year Annual

Mileage
Belgium 1966 8,100
Denmarka 1666 9,800
France .. 1905/66 6,200
West Germany? 1966 9,800
‘The Netherlandse 1963 11,200
Norwayb . 1966 7,100
U.S.A. 1965 9,300

Notes : a—Includes taxis.

b—Includes the mileage performed outside the
country concerned.

¢—This figure probably overestimates the actual
annual average mileage, since the mileage of cars
which are in use for less than one year 1s grossed
up to a yearly average. This figure also includes
the mileage performed outside the Netherlands.

Institut National de Statistique, Bruxelles;
Denmarks Statistik; Danish Statistical Yearbook
1968; Annuaire Statistique de la France, 1966;
Statistisches Bundesamt; Netherlands Central
Bureau of Statistics; Central Bureau of Statistics
of Norway; U.S. Department of Transportation
(1967), Highway Statistics 1965.

Source:

TasLe C.17: WEEKLY MILEAGE PER VEHICLE IN FULLY PRODUCTIVE HOUSEHOLDS IN BRITAIN, 19657

Type of Householdd
Household
Income Three-person | Three-person | Four-person | Five or more All
Per Week Single-person | Two-person with one or all being 16 persons Households
more under | years or older
age 16
Under £17 106 77 96 94 8o 77 84
L18=L27 155 13 127 112 12 105 114
£2B-£37 a0 208 140 154 150 140 128 144
£38-La7 .. 88 151 147 159 167 144 153
£:48 or more 346 143 157 140 132 140 143
All Incomes .. 143 115 128 129 121 114 121

Notes : a—This table includes vehicles which are household registered (whether or not they are used regularly in course
of work), employer registered, registered by other household, and hired or borrowed for whole week of recording
period. It includes cars, vans and motorcycles.

b—Households with unknown gross income are excluded,

Source : N'TS, 1965,
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