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0.1

FOREWORD

The study on "Demand and supply of natural rubber" has as its objective:

"to assess replanting and new planting policies as well as other aspects of a
dynamic production policy for natural rubber and to indicate the policy that
optimally meets future demand for natural rubber”. It has been undertaken in
the hope of reducing the degree of uncertainty facing rubber producers in the
world rubber market. The primary audience for whom this study is prepared are
the natural rubber producing countries of the Association of Natural Rubber
Producing Countries (ANRPC).

The study is carried out at the Economic and Social Institute of the Free
University at aZmsterdam, commissioned by and in cooperation with the Economic
and Social Commission for Asia and the Pacific (ESCAP). Financial assistance
was given by the Netherlands Government. In completing this study, help and
advice were received from a great number of organizations, private individuals
and government officials throughout the world; the study would not have been
possible without their direct and generous help.

This paper reports that part of the study, which concerns the analysis of the
world vehicle market. Furthermore, papers will be prepared on

- World tire and rubber demand

~ World natural rubber production

- Natural and synthetic rubber: competition, complementarity and availability.
Afterwards, the various parts of the study will be integrated, thus trying to

assess future developments.

This report is partly based on earlier papers on world rubber demand. The author
is grateful for the many valuable comments received from participants during and
after various meetings of the ANCPC and the International Rubber Study Group at
which papers on the above subject were presented. Special thanks are due to my
colleagues, both at ESCAP and the Free University, in particular Drs. Maria J.

't Hooft-Welvaars and Prof.Dr. F.C. Palm, to Dr. P.W. Allen of the Malaysian
Rubber Producers' Research Association and to Dr. P.J. Watson of the Internaticnal
Rubber Study Group, whe made substantial contributions to the research on which

this paper is based.

It goes without saying that this study would not have been possible without the
accurate and stimulating work by my subsequent assistants Naree Jongwattanatum,
Erik Kroon and Maarten van Erven and the patient efforts of everybody making the

results of the study visible on paper.

-1 -
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Chapter 1. INTRQDUCTION

A study on "Demand and supply of natural rubber" is currently undertaken
for the United Nations' Economic and Social Commission for Asia and the
Pacific. It has as its objective:

- to assess replanting and new planting policies as well as other aspects
of a dynamic production policy for natural rubber and to indicate the
policy that optimally meets future demand for natural rubber, if possible
disaggregated by type.

In order to properly attain the objective of this study a division can be
made into four parts: .
1 - to analyze total demand for rubber by {(group of) end-use(s);
2 ~ to explain production (capacity) of natural rubber;
3 - to assess the share of natural rubber by (group of) end-use(s) in
relation to
(a) technical aspects;
{b) economic aspects;
{c) availability of hevea and non-hevea types of rubber;

in order to divide total demand for rubber into natural and synthetic rubber.

4 - to simulate future developments and to indicate the optimal dynamic production
policy.

Since the present paper on the world vehicle market deals with a part of the

demand side for rubber, this demand side as a whele will be briefly reviewed

in order to show the context in which this paper on the passengerr car market is

composed.l)

Demand for rubber

Demand for rubber can be divided into two broad groups of.end-uses: the tire sector
and the rest to be called the non-tire sector. In this study, we shall model the

two categories separately.

Specific end-uses in the non-tire sector number in the thousands, many of

which only consume a few tons a year. It isg very hard to obtain adequate statistical _

information on the major end-uses in this sector; especially regarding use of
rubber., Besides, there is much fluctuation in production whereas some end-
uses disappear from the rubber scene and others come in. Therefore it has been

decided to aggregate these non-tire end-uses into broad groups.

1) Special thanks are due to my colleagues, both at ESCAP and the Free University,
in particular Pref.br., F.C. Palm and Mrs. M.J. 't Hooft-Welvaars.
I am very grateful to my former assistant Naree Jongwattanatum and my present
assistant Erik P. Kroon as well for all the work they did and the comments
they gave. The usual disclaimer applies.
- 2
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Most of the attention will be paid to the tire sector. For this sector the
derivation of demand forecasts is somewhat more complex: rubber is an input - in-

to tires; tires are attached to passenger cars and commercial wehicles, either

as original equipment or for replacement; passenger cars and commercial vehicles,
be they new ones or vehicles in use, can be explained from macro-econcmic and
other variables. Changing this explanatory sequence into a causal chain by
reversing the order of the above, the main segments of the tire sector forecasting

methodology are discussed below, after some more general remarks.

Basically, the explanatory sequence underlying aggregate world rubber demand can
be described as follows:

E >p K >T .ke—}g.k 3 g ¥ > ¢ rF
j ] ij 1 1 . i
i k
where Ej = exogenous structure in country j
Djk = demand for end-use k
Tijk = net exports of end-uses k from country i to country j
k .
Qi = production of end-use k in country i
Rik = rubber disappearing in end-use k in country i
I £ R koo world rubber demand.
ikt

For the non-tire sector, international trade data are inadequate. Besides, data
on Djk are hard to obtain. Moreover, the relationship between Q.k and Rik is
very difficult to assess. Emphasis, therefore, will lie on Rik solely, in
relation to industrial production.

In the tire sector, Ej differs significantly from country to country.

It is very important to include these differences in the model, It is quite
possible to determine Djk, but data on Tijk are insufificient. International

trade in tires, be they loogse or attached to vehicles, is hard to establish. While
emphasis is on the demand structure for tires, rubber demand will be related

to the country where the tire is used and not to the country where it is produced.

The ultimate determinants of the over-all development of the vehicle, tire and

rubber industries are population size and economic growth. United Nations' Medium
Variant projections of population growth will be used, after some adjustments have
been applied, if necessary. Because future economic growth cannot be predicted at

any reasonable level of accuracy, several scenarios of economic growth will be

-3 -
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introduced in the study. This range of possibilities offers users of cur study

the opportunity of selecting the scenario they believe mogt likely.

The second segment of the model for the tire sector deals with passenger and
commercial vehicles. For the individual, to operate or not to operate a
passenger car is a decision related to a variety of factors like traffic
congestion, availability of public transport, distance between home and

work, and the like; these factors are all intimately related with and dependent
upon income. The number of passenger vehicles in use, then, is determined

by per capita income. The number of commercial vehicles, however, is more
closely associated with level of industrialization and is thus better

explained in texms of GPD. It is thus possible to project total wvehicles in
use, whether passenger or commercial and whether new or used, in terms of the

two projected variables, population and income.

The thixd segment of the model for the tire sector concerns changes in the
existing stock of vehicles. After arriving at projections of total vehicles

in use and, therefore, increases in vehicles in use, new registrations and
discards can be derived. On the one  hand, increase in vehicles in use requires
new registration of wvehicles; on the other, replacement of discarded wehicles
also requires new registration, New registration can therefore be divided into
changes in the number of wvehicles in use and replacements. Discards can be

related to new registration in past periods.

The average life of vehicles per world region will be estimated in this way
and the vehicle market will be projected using scenarios for vehicle 1life

in the future.

The fourth segment of the tire part relates to the demand for tires. After
deriving the number of vehicles newly registered, the number of tires for
original equipment can be estimated. An important but often overlooked

variable in this regard is the mumber of tires per vehicle. For passengen

cars prospects are for an increased use of "run-flat tires", thereby eliminating
the spare tire. For commercial vehicles the number of tires per vehicle has
increased in the past due to an increase in the market share of big trucks

at the expense of medium-size ones; this trend seems to be flatteming out,
however, and it can thus be anticipated that the distribution of truck sizes
will tend to remain stable in the foreseeable future. The projections will

incorporate these assumptions.



- 1.4 -

Estimating the number of tires for replacement is a complicated matter. Two
factors determine the rate of replacement of used tires: driving distance

per vehicle per year and tire distance per set of tires. To generate realistic
projections on replacement it is useful to deal with replacement rates as
probability distributions; this method will be employed in the present study.

In addition, driving distance per vehicle requires special consideration of recent
developments, For many countries a decrease has been found caﬁsed by the oill crisis
in 1973-1974 and by the economic recessicn, as well as by increasing car density
(which will have a negative jmpact on driving distance desplte the fact that

it is positively related to income, an ultimate determinant of increased rubber
demand). And tire distance, too, is being influenced by a number of changing
environmental parameters. Among the important variables are: safety regulations,
which, for instance, created a hoom in tire demand in the United Kingdom in 1968;
driving style, with reduced speed limits, becoming especially

relevant after the oil crisis; size and weight of tires; and, most important,
market penetration of radial tires, which increase tire distance by about

40-100 per cent. These variables {(and especially radials) have an important

impact on the NR-SR balance, a point which will be developed later.

The final segment in the model concerns the demand for rubber itself as an
input into the tire sector. This is essentially a direct relationship between
the number of tires demanded and the weight of rubber content per tire.
Changing tire weights and gizes and ratios of rubber content play the ¢ritical
role in this relationship, bringing us back through the sequence of
relationships again. In addition, however, it is important to recognize the
changing role of remoulds, which may be increasingly resorted to in order to
save materials, energy and other inputs getting more expensive under

inflationary pressures,

This paper

This paper will deal with part of the above:

Chapter 2 - The passenger car market: passenger cars in use.

Chapter 3 - The commercial vehicle market: commercial vehicles in use.
Chapter 4 - Discards and new registration of passenger cars and commercial

vehicles,
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Chapter 2. THE PASSENGER CAR MARKET: PASSENGER CARS IN USE

2.1 Intreduction

As was stated in Chapter 1, about two-~thirds of total rubber use goes into
tires, these tires being attached to vehicles, Because of differences in use of
particular types of vehicles and the availability of data, it is expedient

to distinguish three categories:

- passenger cars

- commeycial vehicles

- other wvehicles.

The latter category consists of such types as motorcycles, bicycles, airplanes,
earthmovers and other off-the-road wvehicles, A striking lack of appropriate
data and a low share in world rubber consumption require this

category to be treated separately and to be handled in a way which is

rather similar to the non-tire sector- This will be discussed in another paper.

The two categories, which will be treated more in detail in the following

sections and chapters,are passenger cars and commercial vehicles. In developing

models and subsequently setting up projections for rubber demand, attention

should be focussed on those factors concerning vehicles (passenger cars and

commercial wehicles) which determine tire purchase and use. Tires are bought

when attached to a new vehicle or to replace tires considexed worn-cut. Thus,

emphasis must be placed on:

- how many vehicles are purchased in order to determine the number of tires for
original equipment;

= how many vehicles have driven how many kilometres and when will they replace
their worn-out tires.

Analyzing the vehicle market as a whole for each country or region examined,

certain closely related statistics are relevant:

- production of vehicles

- inventories of wehicles

- sales of vehicles

-~ new registration of vehicles

~ total registration of vehicles (vehicles in use}

-~ discards of vehicles

- international trade in wvehicles

- trade in used vehiclesg.

Different combinations of these statistics are available for different

gountries, providing a variety of approaches teo developing models and

- 6 -



conditional projections. The relationships among these variables have to be
determined to derive a consistent and comparable set of data for model
building and projection making. To avoid overloading the model, variables with
little direct meaning in determining tire demand will be omitted unless they

are essential in modeling the vehicle market.

First, since it may be assumed that trade in used vehicles will not affect the use
of tires, this trade will not be included in the model. There may be a tendency
for old wvehicles to drive slightly less than new vehicles, thus wearing out tires
at a slower pace. However, this is too'elaborate to be included. Second,
international trade in vehicles roughly f£ills the gap between production of
vehicles per country and purchase of vehicles per country., Because tires for
replacement, as a major part of total tire consumption, is related to
registration of vehicles and driving habits per country, it is more accurate

to analyse tire usage in the country where the vehicle is purchased rather than
in its area of production. Therefore, as has already been indicated in

chapter 1,international trade in vehicles as well as in tires, either loosge

or attached to vehicles, will not play a role in this study.

Third, for the same reasons as above, production of vehicles is

not relevant in this study. Fourth, this model has to be a long-term

one in order to arrive at conclusions about new planting and replanting

of rubber trees which havé an immaturity pericd of 4 - 7 years _
,and will go on producing for some 30 years. It is therefore not necessary go
‘pay much attention to inventories of vehicles, as results of intertemporal
and interspatial discrepancies between short-term demand and supply. Fifth,
on sales of vehicles, reliable aggregate data are available for a few
countries only. A more reliable data series which can represent the same

variable is new registration.

The above considerations lead to a relation between the remaining variables:
vehicles in use, new registrations and discards. A newly registered vehicle
may be purchased for two reasons: either because a person wants one (more)
vehicle, not having one {or enough),or because he wants to replace a vehicle
he is already using. The first case reguires an increase in the "vehicle park";
the second case requires that the o0ld vehicle will be s0ld to someone wanting
to use one (more)} vehicle or to replace one he already uses. Replacement

{(the second case) goes on until the last person in line only has the option

of discarding (i.e. scrapping} his 6ld.vehiéle or'adding one more to his
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existing stock; the net result of the replacement sequence must therefore be
discards. If a vehicle is discérded without being replaced, the number of
vehicles in use will be reduced. The only problem is international trade in
used cars. This is rather minor and does not disturb the picture. Thus, new
registration can be divided into increase in the wehicle park and discards.
This fact implies that it is not appropriate to explain new registration

using a behavioural equation. Behavioural equations must be formulated for
discards and for vehicle park. Discards are related to lagged values of new
registration. A model of this relationship will be developed. The next section
deals with (aspects of] models of the passenger car market, described by other
anthors. Section 2.3 gives a presentation of our own model of the passenger
car market, as far as the number of passenger cars in use is concerned.
Projections will follow in section 2.4. Discards and new registrations will

be discussed in chaptexr 4.
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2.2 Modeling the passenger car market: a review of problems and possibilities

2.2.1 Introduction

Passenger cars have attracted quite a bit of attention from model builders

for geveral reasons:

~ automobiles have played an increasingly important role in consumer budget;
besides it has been a vast source of employment, taking a considerable share
of Gross Domestic Product; on top of this purchase and use of automobiles
has contributed in various ways to tax income of government;

— pleasant availability of data has attracted model bulldexrs to test

theoretical assumptionsand conclusions about e.g. consumer theory.

Reviewing existing models and parts of models for the passenger car market
will provide the basis for the specification of our own model of the passengexr
car market, which will be presented in sections 2.3 and 2.4. The following
subsections of section 2.2 will be

2.2.2 The automobile demand model by Chow

2.2,3 Other dynamic models of demand for consumer durables

2.2.4 Some other models for replacement and purchase of passenger cars

2.2.5 Passenger car demand, income distribution, diffusion and saturation

2.2.6 Passenger cars in use, replacement and new registration.

2.2.2 Dpemand for automobiles in the USA (1921-1941, 1947-1953} by G.C. Chow

B careful approach to derive a demand function for passenger cars is used in
the study by Chow (1957), which can be considered as the standard work on
automobiles. Chow starts with an analysis of consumer behaviour. The individual
tries to magximize his utility, in the setting where some of the goods are
durables and the others are non-durables. To obtain a workable aggregate demand
function from this micro approach, requires a series of heroic assumptions,

On the basis that prices of durable goods other than those under investigation
are given and that changes in these prices can hardly be taken into account,

a simple stochagtic demand function is chosen.
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It is presented here in the original notation.

X = 3p°1° u (2.1)
where p is a relative prices index of cars obtained by multiplying estimated
second hand retail prices of used cars of different age groups by the
corresponding stocks and dividing this by the 1937 value of the same
car stock. The stock of cars could not bé counted straight-
forwardly, owing to the theoretical framework behind the demand

function, which is different from ocur cencept of wvehicles in use.

The procedure used by Chow was to count a one year-old car as one unit while
the weight for an n-year old car is the ratio of its average price to the
price of a one-year old car at the end of 13937, the base year. In the demand
function (2.1), X is stock of cars per capita. J is a constant term. The
variable for income is either Id’ real disposable income per capita or Ie,
expected disposable income per capita; data on Ie were supplied by

M. Friedman, v is a disturbance term. Estimation of (2.l1) gives a price

elasticity of -0.95 and an elasticity of expected income of 2.03.

In an extension of his model Chow introduces new purchases (Xi) which equal
the difference between the total stock éxt) at the end of t and the depreciated

stock remaining from X denocted by Xt

t~1'

X, =X -X (2.2}

Defining bt as one migus the average rate of depreciation, including

scrappage, so bt = Xﬂ/X , then (2.2) can be rewritten as:

t-1

X =X =-Db

t t £ Fe-1 (2.3)

=
Because of international trade in used cars, XE does not necessarily equal

passenger cars older than one year, in use by consumers in the UEA denoted
0 0,0

by Xe- After defining bé as bt times the correction factor Xt/xt + (2.3} can
be rewritten as:
t Tt Tt Tt-l )

- 10~
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As has been done in equation (2.1), it is preferable to base the analysis on new

purchases on stocks per capita. Re-defining the X's as per capita stock rather

than total stocks, and denoting the United States population at t by n, . Chow
obtains the identity
1 1
= - 2.5
X, =X =-bl (n_,/m )X 4 (2.5}

Now xi i=s regarded as per capita new purchases of cars during period t since
the difference is merely the scrappage of less-than-one-year-old cars per
capita which is negligable. Substitute kt for the product bé (nt_l/nt). This kt
is rather stable during the sample period (1921-1941, 1947-1953), averaging
0.745 and ranging from 0.700 to 0.775, Assuming kt to be constant (k) and
substituting a linear form of (2.1) for Xt,a demand equation for new cars can
be obtained

xl=J+ap+bIe-kX (2.6)

t t-1

where k is given. This is the first demand function estimated by Chow. An

alternative is the second demand function which results from interpreting

the argument in the individual utility functions as purchases rathexr than

quantities consumed. Xl is assumed to be a linear function of the relative
price of new cars pl and income Ie'

X, = J + apl -l-'bIe . (2.7)

1
t
The third demand function includes demand for cold cars and introduces pl as
well as po, the relative price of old cars, in both the demand function for
new cars and for old cars. On the basis of certain assumptions, demand for

new cars is derived, which is rather similar to (2.6) but dces not include the
hypothegig that k is fixed, and uses p1 as price variable:

xl =J+ apl + bIe - kX (2.8)

t t-1

Treatment of kxt-l in (2.6) and (2.B) is an indication of the assumptions 15
on substitutability between new cars and old cars, If k = 0 {as is supposed in
{2.7)) rthere is no substitution between new and old cars. The first demand
function is based on perfect substitution and the third demand function allows
for imperfect substitution between new and o0ld cars. From his empirical
analysis Chow concludes that there is an almost perfect substitution between
new and old cars, which is not surprising taking into account the method of

counting old cars not as units but as fractions of units.
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Further dynam zation of the nodel is introduced in a way which is rather simlar
to partial adjustment, where the desired |level of stock of cars cannot be
attained fully within one period. Due to inadequate specification of this
theory in the nodel, it is not clear whether this approach provides

much inprovenent. Finally, total savings are included as an expl anatory
variable. It is defined as disposable incone nmnus a fixed

proportion of expected incone. The negative role that expected incone

plays in savings is reduced by the positive influence which expected incorne
shoul d have on car purchase. The dynamc theory conbined with the theory of
saving has explained a larger part of the observed variance of X than any
other theory discussed by Chow He concludes that it is better to derive an
equation for X on the basis of the best equation for X rather than
explaining X separately.

Ina foll owup anal ysis Chow (1960) concludes that in its application

to short-run forecasting, his nmodel can be used nmerely to tracé the parti al
effects of a very fewvariables while |eaving a sizeable margin for error.
However, this short-termnodel proved to give rather good |ong-term projection
results, which is as such not a indication of the quality of the nodel.

Reviewi ng this nodel, a series of aspects of passenger car nodel building
cones to the fore. These are partly discussed and studi ed by other authors

and will be presented in the foll ow ng sub-sections.

2.2.3 Qher dynamc nodel s of denmand for consurer durabl es

A Standard nodel on dynam c denmand functions is devel oped by Stone and Rowe in

a series of articles: Stone and Rowe (1957, 1958). Conpared to the studies by

Chow (1957, 1960), as described above, they pay nore attention to:

- what does the consurmer consider the desired or equilibrium|evel of the
stock of a durabl e consuner good?

- how does the consurer adjust the actual level to the desired |evel of stock,
because equilibriumw Il not always be reached i nstantaneously?

- how does stock depreciate and how do consuners replace it?

Ve will give a brief review of the nodel.

Stone and Rowe start fromthe supposition that for any durabl e good, purchases
ina period, g, nay be regarded as the sumof two conponents: an anount u,

of consunption (or depreciation) during the period and an anmount, v, of net

i nvest nent .



g=u-+yv (2.9
using s for opening stock and E as an operator such that E (x ) = x(t+0), '-.len
s(tH) or Es, is

Es =s +v (2.10)
Assune that consunption is a certain proportion, X/n, of« t he openi ng stock, plus
an equal or smaller proportion /mof the purchases during the period

u=- + 7 (2.11)
n m

The opening stock may be expressed as a weighted sumof all past purchases

s =B<27) - f TN g Og (2.12)
mn-1) oA n J
The average stock during a period, s, can be derived

s =- Es HIl - "As (2.13)

m I ml
The essential dynamc character of the nodel derives froma distinction between the
actual levels of stock and the desired or equilibriumlevel of stocks where r is

the adjustnent factor
S - s=r(s*-5s) (2.14)

or f = r (2.15)

Substituting s from (2.13) into (2.15) and afterwards the resulting v into (2.9)
to (2.11) and substituting finally

s* = ap® (o/TT)C e?" (2. 16)
where p. = real incone, pir =relative price and t =linear trend, it is derived that
, br . .cr gt 1-r e oy
u=a p (pir) e* s (2.17)
where a8 = — rra . Hrem nandr are assumed to be known

n(ml)
Paraneters a, b, ¢ and g are esti mat ed.
In a comment Nerlove (1960) suggests to also estinmate m n and r statistically,
together with the other parameters and to use a linear equation for (2.16) and thus

(2.14) instead of (2.15). This amounts to net investnent q
q=4da +b (p-Bil E'p), cK/TT)- 2.0 EXp/Tr)J

+ gl t+BZZ£ E'I (2. | 8)

T AL
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2

Indicating f ="'

r1(m1|%) , then b' =Dbf, ¢ = cf ’&ﬁ = £ f

n
wtha ,b, ¢c, g mnandr as in (2.17). Stinulated by Nerlove' &comrent,
Sone and Rowe (1960) have changed their nodel. Gonbining (2.9), (2.10) and
(2.11)

u-+yv (2.9)
- +"N +Es - s (2.19)
n m
m ES _ 2/\ S (220)
m1 n
=Kk[l + (n-1)A Bs = ki Es (2.21)

when A =1 - E~\> k = 3 and 2=1+ (n-1)A

m
n(m1
Miltiplying (2.21) with A

Ag = k(I + (n-1)AVv = kiv (2.22)
Adjustnent of net investnent v to a new equilibriumlevel s* will norrmally take
nore than one peri od

V =r(s*-s) (2.23)

An equilibriumlevel of stocks s* inplies an equilibriumlevel of new purchases
g* which are related on the basis of (2.21) with Es* = s*

s =t£ (2. 24)
k

Now it is assunmed that the equilibrium|evel of new purchases g* linearly depends
on real income and relative price.

g =a + bp + P/TT) (2. 25)

Wsing (2.22) and substituting successively v from (2.23), s* from (2.24), g*
from (2.25) and E q = kfis from (2.21) gives

Ag =ra +rbQ + rcft(p/ir) - rE~q (2.26)
or in conventional notation, with q as dependent variable
g=ra+rb(pt (n-1)Ap) +re(pff + (n-1)Ap/ir)) + (I-r)q (2.27)

-14 -
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Estinating parameters in this type of equations creates many probl ens: where to
introducé a disturbance term in (2.27) or in (2.25); howto apply (iterative)
estimati on met hods; howto include constraints on paraneters etc. Besides, nany
guesti ons about assunptions behind the nmodel need to be answered; is the definition
of equilibriumdermand (in (2.24) and (2.25)) appropriate; is the description of the
adj ustment process (in (2.23)) sufficiént; howto deternine replacenent in perhaps
a nore realistic way than in (2.19); what is the relationship between depreciation,
repl acenent and scrappage or discards and how shoul d this be nodel | ed; what is the
role of the second-hand narket and the prices of second-hand cars; do such factors
as income distribution and nulticar-famlies have to be included in the nodel etc.
The next section will be devoted to a description of nodel s devel oped

especially for the passenger car narket.

2.2.4 Mdels for the passenger car narket

In one formor another, the type of nodel presented above dom nates a najor nart pf
recent and current work on demand for durabl e qoods and specifically the demand for
cars, although consuner demand for passenger cars has sone specific properties which
mght or should be inserted in the nodel. |In this section we shall discuss sone
nodel s, which are drawn up al ong the same lines as the nodel by Stone and Rowe
described above in (2.2.3) paying attention to one or nmore of the follow ng three
aspects of the passenger car market

1. stocks of cars, cars in use, total registration, net investnents

2. replacenents, depreciation, discards, scrapping

3. new purchases, newregistrations.

Not all of these aspects are (adequately) covered in each of the nodels.

e of the ol dest studies on autonobile demand is the work by Roos and Szel i sky
(1939), al so described by Chow (1957) in Chapter VII. Roos and Szelisky separate
new car sales into new owner sales S and replacenent sales S . They introducé |ong
run equilibrium stock(or maxi mum ownership |evel), X ,dependi ng upon i nconeper capita
and unit price of new cars divided by average life. New owner sales S are assuned to
be a variable c times the difference between X and the existing old car stock, X.

S =c¢(x - X ) (2.28)

n t t-1
This variabl e of adjustrment c depends upon such variables as new car price, the
ratio of used car price to new car price, per capita incone and the existing car
stock. Conpared to the nodels by Stone and Rowe and by Chow, the assunption of a
variable c rather than a constant r as in (2.14) and (2.23) is a rel axati on but
creates nore problens in estinating the paraneters of the final equatione Thiswill
be shown bel ow.

" 15
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(bserved repl acenent sales S are assuned to be a function of theoretical
scrapping S, using the same variable ¢ with the sane coefficients for the explan-
atory variabl es,new car price etc. as in (2.28).

Sr = ac Sy (2 29)

where a is constant and Sg is estimated applying a shifted nortality curve to the
age distribution of passenger cars. Substitution of all ingredients gives the
demand function for new cars

S = J(pY " Ap pYH) B Y jxe_1 ef (t)(pd/d)"AEX 1 + X Sgj (2. 30)

1 0
where p =newcar price, p =used car price, | =incone per capita, f(t) = nunber
of famlies, d = average car life.
Deriving a priori values for sonme of the coefficients,the authors afterwards present
an estimated denand function for new cars sales (Chow (1957))

S =320l )-°-% 30,0254 Xi_1MMs - X;_i\ + 0.65 Sg| (2.31)

where J = constant and M is defined as
M =X =f(t).(0.500 + 0.000544 I*)d°‘3 (2.32)

with I* = sone measure of per capita incone. |In one of the follow ng sections we
shal | pay nore attention to problens associated to (2.32) such as |ong-run denand,
maxi mum owner ship per famly or per capita, and saturation |levels. |n our opinion,
using nortality tables or simlar types of techniques to arrive at neasure for
repl acement is preferable to an approach using a constant proportion of previous
years' stock, as is done by Sone and Rowe and by Chow

Anot her paper on denmand for new aut onobil es, presented in 1958, was the one
by Suits (1957), alnost contenporary to the studies by Chow and by Sone and Rowe.
Suits assunes 4 equations expl ai ni ng successively denand for new cars, supply of new
cars, supply of used cars and demand for used cars. Substitution and elimnation
gi ves one conposite new car denand relation, which is estinated in first differences
to avoid autocorrelation of the residuals

AR = 0.106AY - 0.234Afl A - 0.507AS - 0.827AX + 0.115
W (2.3
(0.011)  (0.088) (0.086)  (0.261)

16
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where R = new car sales, Y =real disposable income, P =real price of new cars,
M = average credit terns, S = stock of used cars and X = dummy shift vari abl e.
AX = +1 in 1941 and 1952, AX = -11in 1953, AX =0 in all other; years. Interesting
about this apparently short-term study is the negative effect of the level of the
stock of used cars, which is inline with the studies by Chow and Stone and Rowe.
Focussing on the variable repl acenent sales in Roos and Szelisky, this variable
shoul d have a positive effect on new car sales. S nce replacenent sales will be
"proportional " to stock of used cars using nortality tables, one woul d expect a
positive coéfficiént for ASin (2.33). Qher inportant aspects are the constant
(tine trend) and the role of Mwhich appears to be a necessary denomnator for P
inorder to make this variable significant.

Inthe late fifties a study for the autonobile rmarket of France was carried out,
Morice (1957) anal yses car stock and car purchases for France. Equations have
been presented concerning net denmand for new cars

Xi = 6,350 Xp-1- 033 Xgl*70® (2.34)

and total denmand for new cars

Y, =1,601.6 X -°' %12 X O 405 (2. 35)

where X =real price of cars and X real inconme. The sanple period was 1921-1931
for (2.34) and 1931-1938 for (2.35). Data and nethodol ogy do not permt a thorough
analysis of the results. Price elasticity roughly equals -1 but inconme elasticity
heavi | y depends upon the equation used. An interesting result is the incone el as-
ticity of 1.7 fromequation (2.34).

A study for the Federal Republic of Gerrmany was carried out by Lehbert (1962).
He di stinguishes two types of nodel s

- stock denand nodel

- purchase nodel .

The stock demand nodel is of the Sone and Rowe type. Conparable to Chow s
net hodol ogy, used cars are neasured in new car equivalents, using arate
constantly declining over time.

Bt = "2 (Bt o« Pkt >N (21 36)

Lx 1.1,

- FrhodB. RPN N (2.37)

_ 17
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NE = -Ztir- | (2.38)
"B, t-I

wher e th = stock of cars per capita in new car equival ents, >§t =ditto for
d 1

long-run equilibrium E =real disposable incone per capita, P =relative
price index for passenger cars, N = other exogenous variables. Substitution gives
the fol l owing denand equati on

yr A=, E; ) 7P.*A e ° x4 ., (2.39)
Bt o' J VKl v B
It proved to be inpossible to arrive at reasonably significant estimates of the
eoefficients. The sanpling period was 1951-1961. Attached to this nodel, purchase
of new cars X, may be obtained by adding net investnent and repl acenent denand

V. ("Bt "XBt-l) ("B, t-1 Y AN, t) (20 40)
where Xg, = stock of cars, d =rate of reduction of values, and r = repl acenent
rate

ro= Bl YeBU N/ (2.41)

Bt-1

Aternatively, it is possible to derive a separate nodel for the demand for new
cars, a separate purchase nodel. Lehbert assunmes equations for demand for new
cars, and for demand for used cars X,

u, t
Nt T8 (Bt PNt PGt >N (21 H2)
Gt ='9 <A «PFGt >PNt oM (2_43)
where P = price of newcars and F - price of used cars. Further
Nt TGt T (2.
xG,t:(l"S) XB,t'I (2v 45)

where s = scrappage rate. Substituting (2.45) into (2.43) gives an equation
explaining P, , . Substituting this P_ . into (2.42), leads to the equation for
b, X b, X
"N, t
- 18 -
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lE \ 0,8331 / \ 0, 4988

Introduction of E/P was caused by statistical estination problens and was
justified by the S utsky-H cks definitipn that for a superior good the follow ng
statement can be nade: if a good has no inportant substitute or conpl enent, the
absol ute value of the price elasticity equal s incone elasticity.

Lebbert shows two types of extensions of the nodel:

- disaggregating cars and incone according to type of incone, e.g.
wage and sal ary earners, conpanies, etc.
- long-termprojections using signoid curves and saturation | evel s.

The latter subject will be discussed by us in a separate section.

For the Uhited Kingdoma nodel was presented in D cks-Mreaux and others
(1961)and revised by OHerlihy (1965). H s nodel is constructed al ong the sane
line as the nodel by Sone and Rowe. 0 Herlihy al so uses the concept of new car
equivalents for old cars (see section 2.2.1.) and the concept of an annual
rate of depreciation (I/n). S nce n=3 corresponda to an average car |life of around
10 years, while for h =2 and n = 4 the average life will be about 6 and 14 years
respectively, n should be around 3 because average car life of around 10 is nost
likely. The equilibriumor long-termlevel of stock per head is linearly rel ated
to real incone per head and relative new car price, while adjustnent
to the equilibriumlevel follows a constant proportion. An inportant
element is a so-called "supply factor", a proxy for this is the index
of supply (1), which is defined as the ratio of a used car. price index
to a newcar price index. Smlar to section 2.2.3. the final form
is derived. (cf. 2.27).

g=r(f +a) +rb[l +(n- DAp +rdl + (n- [)Ap
0
+rg[l +(n- DAI+ (1-r)g.s (2.47)

where r =rate of adjustnent, p = income, p = new car price,
g =new car sales and a, b, d, f, g are paraneters.

Best results seemto be obtained by also including a trend, hiré purchase H
and business incone B assuning n = 2.
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q =-2484 + 1.120(1 + Ap - 0.401(1 + Ap + 0.452(1 + A)l + 0.066(1 + At

+ 0.113(1 + AH + 1.496(1 + AB - 0.372 q_y (2. 48)

It is strange that 1 - r =-0.372, which gives a rate of adjastnent of

1. 372, meani ng over - adj ust nent .

The treatment of disturbance term and autocorrelation unfortunately has not
been clarified. The concept, used above, of defining demand for new cars q as
new registration per head expressed in terns of "new snall cars" using the
price differentials of 1959 to wei ght medi umand large cars, seens

quest i onabl e.

In a study on net investnent in passenger cars in the United States,
Juster and Vachtel (1972) anend the type of nodel s suggested by Chow,
Suits and Sone and Rowe.

Net investnent (addition to stock) is viewed as having a "permanent” or ,
"pl anned" conponent (AS") and al so an "unforeseen" or "transitory"
conponent (AST). Desired stock (S*) is a function of expected

values (Z ) of a set of economie variables Z which are included linearly
(eg. incone and prices)

s = 2% (2. 49)
which are formed by an adapti ve expectation nodel .

Z° - 7, = p(Z-Z®) (2.50)

No W AS” = 3(S* - S
where S = actual stock and AST is a function T of transitory variables such
as unenpl oynent and the difference between actual and pernanent i ncorre.

AST =T (2.51)

thus AS ASP + ST (2.53)

with as reduced form
AS=P3Z-pgS;:+(1- P(l - BA +T- (1- pT (2.54)
Afterwards, gross investnent in cars, G is defined using a depreciation

rate -
G =0S +As (2.55)

with reduced form using (2.54)
G=pgZ+ (6- PB)S + (1- P(l - 3)AS;

+T-{1-p)T (2. 56)

20
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Using quarterly data, the coéfficiénts of both (2.54) and (2.56)

are estimated. Qedit; changes are significant but coéfficiénts of prices are
sonewhat unst abl e. Transitory incorae is always highly significant, where-

as pernmanent incone is not. However, permanent incone coéfficiénts are hi ghér

in (2.56) than in (2.54). Transitory incone seens to affect only net investnent
and net repl acenent since the coéfficiénts are unchanged in (2.54) and (2.56).
The | ong-run pernanent incone elasticities are all about unity, but the
equilibriumprice elasticities all exceed unity. According to Juster and

Wachtel, this suggests that the relatively large secular growh. in stocks has been
largely due to their relative cheapening.

However, in our opinion, not including sone kind of a proxy for the denonstration
effects, causing an increase in the stock of cars, may cause a bias in the

above derivations and concl usi ons. Juster and Wachtel afterwards conpose a

sinpl e three-variabl e equati on expl ai ning purchase using anticipatory data

about consuner expectations. This sinple nodel explains purchasi ng behavi our

as well as the above conplicated nodel. For our'purpose of arriving at |ong-term
projections, this kind of nodel is not appropriate.

Revi ewi ng the nodel results obtained so far make it clear that apart from

estimation aspects, a series of problens arise. It was al so concl uded by

Willianms (1972) that introduci ng another way of nodelling stock depletion

may give better results than the systemof using a constant fraction of |ast

year's stock. Besides, better modelling of equilibriumlevels nay inprove

the predictive power of the above nodels specifically in the [ong run.

This brings us to two series of subjects to be discussed in the foll ow ng

sub-section and in chapter 4.

2.25 - long run denand for stocks of cars is influenced by incone, incone
distribution, denonstrati on effects, fashi on .ad saturation. -

Ch.4 - depreciation, replacenment, deregistration and scrappage are rel ated
to the existing stock and its age distribution as well as to such
econom e factors as incone devel oprments: purchase of new
cars and newregistration aeto be explained fromstock denand and
repl acenment derand.

21
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2.2.5 Passenger cars in use :

In the previous sub-sections, a series of nodel s has been di scussed
describing demand for stocks of cars and purchase of new cars. In
this sub-section we will deal nore in detail with some aspects of
the stock dermand nodel which in our opinion nust be treated nore
adequat el y.
They nay be listed as foll ows:

- income, incone distribution and diffusion

- saturation and other |ong termdevel oprents.

By nowit is clear that there is sone rel ationship between the nunber
of cars in use and incone. How to specify this relationship is the
crucial natter. Fauré (1959) devel oped a so-called "diffusion nodel "
where ownership-rates are expressed as a function of incore. A

these variables are neasured on a per famly basis. Summation or inte-
gration of ownership-rates multiplied by incone distribution gives
the aggregat e ownership-rate.

Behind this analysis is the assunption that for the individual famly
i to have or not to have a car is a sinple stepfunction with valueO
if actual incone Yy is less than threshol d incone Yo and wi th val ue

1ify. >y. . Aggregating these individual Engel curves for groups of
famlies in sonme incone class gives the percentage of famlies owning
a car. For very small incone bracket the thus devel oped "conti nuous”
curve resenbl es a cumul ative normal or |ognornal distribution.

Wher eas Engel curves represent a rel ationship between yearly expenditure
on a consunergood (nornally non-durable) and incone | evel, the above
functions are referred to as Quasi-Engel curves, relating the fraction
of actual owners to incone |evel, or, originally,the stocks of durable
goods to net worth or total wealth (cf. Qramer (1958, 1969) and Bonus
(1973)).

Application of the above approach requires series of data on income

di stribution and ownershi p-rates per inconme group, be they cross-sections
or time series. In a study on the Netherlands' stock of cars, Vermetten
(1964) introduces certain conditions, to transformthe nodel into a form
suitable for tine series analysis. Sonme of these conditions may be a bit
too strong to retain a realistic nodel. Application of this approach

also requires estination of a saturation |evel, the maxi mum nunber of
cars per famly, which could not be done because of data-limtations.
This subject will be treated nore in detail later on in this section
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A thorough analysis of the diffusion process and the resulting devel opnent
inthe stock of cars has been done by Bonus for Wst Gernmany (1973)

He divides diffusion into two stages. The first stage is vertical

di ffusion, the underlying |earning process: the househol d becones
sufficiently anare of the coomodity to desire its ownership. They becone
potential owners. However, if critical incone for buying the commudity

is above their actual incone, they will not yet becone actual owners.!
The second stage is horizontal diffusion: their critical income nmay be
reduced because their desire to own the good is intensified.

A nodel explaining the logits of ownership within incone group g from
incone in group g is used: ,
th j

fg‘t = fraction of owners within g inconme group
F = fraction of potential owiers anong all househol ds
log -zS — = 1logits of ownership
gt
fl F*
l°g 1 _'p' /ZF» ~ conditional logits of ownership (2.57)
gt'Ft

vhi ch- are expl ai ned as

P9 2P0 TottBiv t v
gt t

X . =logarithmof average income in g income group

Now, the nodel is specified as fol | ows

Fe=7 771 =
and, substituting (2.58) into (2. 57(

! gt

|09(1+e-P-nV| _ft:\ +etht+V /\2_59)

fromwhich p, n, a and g are to be estinated.

Basically, it is possible to distinguish between three types of growth
in car ownership:

type | - growth caused by an increase in F* the fraction of potential
owners; above this was referred to as vertical diffusion.

type I'l1- growth caused by a decrease in the critical incone |evel; this
was referred to as horizontal diffusion, although we may add to
this such factors as relative price decrease, better supply
conditions and quality inprovenents; in the above equation (2.59)

this is represented by an increase inf ~ while F* and x are
23 - gt t gt
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constant; F* can only be constant over time, if it has

reached its asynptotic level of unity. In his study, Bonus
showed that for such commdities as autonobiles, refrigerators,
vaculm cl eaners and cameras B (in (2.59)) was constant over

tine. Therefore, changes in f can only occur if a changes
ox X
over time; this was valid e.g. in case of autonobil es.

type IIl- growth caused by incone increase; incone elasticity B nay act
as an indicator of the degree of |uxury; cars were ranking at
the top position (B = 2.2), whereas for television B feil from
2.3 in 1958 to 1.0 in 1966.

Bonus then derives the formof aggregate growh curves for the above types
of growth. If inconme (on average) increases at a rate g per year (typelll),
whereas the variance of the incone distribution is constant, then the resul -
ting growth curve is normal. The cumul ated normal and the logistic growth
curve are indistingul shable. For type Il growh,reduction in median critical
income at a constant rate, creates a normal growh curve as well. This
growth curve is steeper than the above one for type Il1.
Finally, conbining a logistic growth in the fraction of potential owners
F (type |) with type Il and type II1l growh, the resulting growh curve
will, in general, be skewed.
It can now be concluded that a logistic or "nornmal" growh curve, be it
skewed or not,can be caused by

- incone increase

- vertical diffusion (Iearning)

- horizontal diffusion (shift in critical income)

- nore attractiveness because of prices, supply and quality
but presumably by a mxture of all these factors. The | earni ng aspect
i ntroduces skewness. D stinguishing between incone effects and diffusion
requires at |least one cross-section in addition to the time series data.

In a study on consurer denmand for cars in the USA, Snmith (1975) sets off
with the observation that incone is the nmajor variable explaining car
ownership. Selling prices of cars can not be expected to be significant,
because in total running cost, the capital outlay may be of mnor inpor-
tance. Moreover, it is possible to buy a cheaper car, if price is abottle
neck for car purchase. Denographic, geographic and socio-cultural factors
are inportant for cross-sections over regions etc. but rather uninportant
for time series anal ysis and, besides, hard to predict.
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In order to separate trend and incone effects, Snth uses a tine series
of cross-section anal yses..The approach is rather sinmlar to the one by
Bonus. The major difference is the assunption by Smth that a and B
in (2.59) are linear functions of time, thus pooling time series and
cross-sections. Besides, anal yses are carried out separately, one for
car-ownership and one for miltiple car-ownership. The results are
(i) car-ownership
a =-6.254 - 0.116 t
6 0.826 + 0.01495 t

(ii) mltiple car-ownership
a =-6.025 - 0.184 t
= 0.534 + 0.02596 t

Snith draws the follow ng concl usi ons:

- between 1952 and 1969 roughly hal f the growh in stock arose froman
i ncrease in the nunber of househol ds, thirty percent fromthe trend and
twenty percent fromthe increase in incormre;

- nost of the trend effect in the post-war period can be attributed to
second car owner ship.

In our opinion the observations by Snith and Bonus are very relevant and will

also formel enents of the set of assunptions underlying our own nodel .

Ve will nowturn our attentioh to aspects of saturation and long term
devel opnent s.

In the studies by Bonus, Snith a.o. saturation |evels have been fixed
exogenously, in nost cases equaling unity: each famly a car, or nore than
unity in case miltiple car-ownership was not treated separately. Mny

other studies, trying to estimate denand equations for cars, including a
saturation | evel, used car-ownership per capita or for instance per 1000
per sons.

As early as in 1938 De VWl ff(1938) published an article presenting the
results of an examnation of the factors which determned the denand for
notor cars in the USA' Demand for replacement and denand for first purchase
is treated separately. Denmand for first purchase is anal yzed using figures
for 1905 - 1934. The logistic curve is chosen to explain the nunber of cars
(not corrected for popul ation size) as a function of time. The estinated
saturation level of 22.8 nillion roughly neans 1 car per famly if popul a-
tion size and famly size of the thirties are used. The current figure of
over 100 mllion cars partly nay be explained from such factors as nmultiple
car famlies, increase in population and reduction in fanmly size.
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A study on a logistic approach to the demand for private cars for the
Net her | ands was done by Bos (1970). The | ogistic curve

. 2 60
"t TTT ! (2_60)
1 +me
with saturationlevel k, suffers from a fewdi sadvant ages:

- it isonly a function of tine

- it is "symetrie": levelling of f shows t he same shape as the begi nning
phase

- it isvery hard to obtain reasonably accurate estinmates of the paranmeters,
in particular the saturation |evel k, unless devel opnents are far beyond
the point of inflexion

The above objections h.ave not been satisfactoirily elinminated by Bos by

introducing a fixed kernel y , without any econonie significance

y =Yy + i A~ (2.61)
"t
or by introducing incone I andprices P
(2_62)

yt =yo " 7-—bt+cT..p,
1+me t ot

Paraneter estimates are extremely sensitive to the length of the sanple
period: "howlong is thelinear part".

A better fit than the logistic offers, may be given by t he Gonpertz-curve
(cf. Davis (1941)) and Nowi cki (1969)

X
Y, =k & ! (2.63).

with k = saturation level and x is some variable e.g. incone. This may
be skew and nay include incone as explanatory variable. Yet, the Gonpertz-
curve is less popular than the logistic curve.

In the next section we will discuss our own nmodel explaining long term
devel opment in the world car market, focusing on stocks of cars
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2.3 Passenger cars in use; the nodel
2.3.1 Introduction

As the purpose of the over-all study is to draw concl usi ons about nunber
of tires and their rubber content, it will be clear fromthe above
el aborations on the passenger car nmarket, that two aspects nust be focussed
upon:
- howmany cars are in use,
- how rmany new cars are registered and how nany cars are di scarded
(deregi stered).

In this section, discussions will be confined to the first aspect: how nany

cars are in use whereas the question of newregistrations and di scards wil |

be treated in chapter 4. First, in subsection 2.3.2, sone historical back-

ground information will be given using data and graphs for a few countries

and sone conclusions will be drawn fromthese data and graphs concerning

net hods used by other authors as well as the approach appropriate for our

study. Thiswill lead to two parts of the nodel:

- what can be said about saturation |evel : subsection 2.3.3;

- how can past devel oprments be expl ained and i n which way is ownership going
to approach the saturation |evel : subsection 2.3.4.

2*3.2 Historical devel opments and nmodel specification

Car ownership is distributed extrenely unevenly between countries. S nce
this study deals with the world as a whole, it will be interesting to obtain
sore information about this distribution. In order not to overload the reader
with very lengthy tables, throughout this study, in general only aggregates
per (sub)region are presented, obtained by adding up country infornation,
data or projections.

A list of countries classified by region is shown in table 2.1

Level s of car ownership for 5-year periods from 1950 onwards are subseguently
presented in table 2.2 as nuch as possible or relevant on a country | evel.

It goes without saying that popul ation growth is one of the basic reasons of
growth in the nunber of cars in use. Ohe has to choose between popul ati on or
nunber of households in order to introducé popul ati on aspects into the nodel .
In other words: which concept to use, cars per 1.000 habitants or cars per
famly or househol d. It has been decided to use the forner one because
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- the nunber of households or fanmlies may be npre inaccurate than
popul ati on si ze;

- it may be hard to nake projections about the nunber of househol ds or
famlies;

- the concept of househol d may be different between countries and changi ng
over tine.

In the follow ng, the concept to be enployed is cars in use per 1.000

habi tant s.

Many aut hors have used this concept of the nunber of cars per 1.000 habitants,
in studyi ng devel opnents. A major part of these studies foeusses on the

| ogistic curve. However, it is beconming nore and nore clear that the
proporties of the logistic, a point of inflexion and two "symetrie

parts", are not very realistic.

A graph representing the nunber of cars per thousand inhabitants
over time, shows the follow ng three phases (figure2.1).

an increasingly upward cars per 1.000
oriented » phase (t < ty) | nhabi tants
alinear part (t; <t <t,)
a levelling off phase
(t > ty)

Fieure 2.1
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Table 2.1 Countries and regi ons

\

VI,

North Anerica

1. United States
2. Canada

. Asia, devel oped

3. Japan

il. Cceani a, devel oped

4, Australia
5. New Zeal and

Nort h- st Eur ope

6. Germany F.R

7. France

8. Lhited Ki ngdom
9. Net herl ands

10. Bel gi um + Luxenbur g
11. Denmark

12. Icel and

13. Sweden

14. Switzerland

15. Irel and

16. Norway

17. Finland

18. Austria

Sout h- Vst Eur ope

19. Italy

20. Spain

21. Portugal

22. Qeece

23. Turkey

24. Yugosl avi a

25. G her Wst Europe

East ern Europe

26. USSR

27. Csechosl ovaki a

28. Germany, DR

29. Hungary

30. Pol and

31. Romani a

32. G her Eastern Europe

Lati n Anrerica + Cari bbean

33. Brazil
34. Argentina
35. Mexico
36. Ohers

2,24 -

VIIX. Asiva, Centrally Plajined

37.
38,

China
Others

I X. *South.'ASia

Xl %

X1

«

39.
40.
41.
42.
43.

India

Bangl adesh

Paki st an

Sri Lanka

QG hers (Nepal, Burna, Bhutan)

Sout h- East + East Asi a

44,
45,
46.
47.
48.
49,
50.
51.
52.

| ndonesi a

Mal aysi a

Phi | i ppi nes

Thai | and

Si ngapor e

Hong Kong

Kor ea

Q her Cceani a

Qher Asia (excl. Mddl e East)

M ddl e East + North Africa

53.
54.
55.

Iran a)
Q her pil producing + Israél
Qhers *

Gher Africa

56.
57.
58.

N geria
South Africa
Gher Africa

Note: a). Algeria, Bahrain, Iraq, Israél, Kuwait, Libyan Arab Jamahiriya, Qman,

Qatar, Saudi Arabia, Uhited Arab Emrates

b) Cyprus, Egypt, Jordan, Lebanon, Morocco, Spani sh Sahara, Syrian Arab

Republ i ¢, Tunesia, Yenen.
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Table 2.2 Passenger cars in use. per 1.0QQ inhabitants

o,

o N O

11.
12.
13.
14.

15.
16.
17.
18.

19.

20.
21.

22.

23.
24.
25.

26-32.

33.
34.
35.
36.

37- 38.

39.

40. -43.
41.
42.

P wbdpE

United States
Canada

Japan
Australié""*

New Zeal and

Germany, Fed. Rep. of
France
Uni ted Ki ngdom

Net her | ands
Bel gi um + Luxenbur g

Dennar k

| cel and
Sneden
Switzerl and

Ireland
Nor way

Fi nl and
Austria

Italy

Spai n

Por t ugal

G eece

Tur key

Yugosl avi a

ot her Vst ern Europe

Eastern Europe and USSR

Brazi |

Argentina

Mexi co

CGher Latin Arerica

+ Cari bbean

Asia, Centrally M anned

I ndi a

South Asia, excl. India
Pakistan
Sri Lanka

1950

265. 4
139.2
0.5
93.4

125.3

corRr~NwW N NO
RorRrEPLrw w A~

'—\
© o o »
o 01 o1 w

0.4

O

1955

314.3
186. 9

17
146. 4

179.5

34.6
69.7
71.3

24.8
54.8

50.0
62.0
87.3
54.2

45.5
35.9
19.8
20.4

18.2
4.5

35 35
rO®O orN R
~NWwWo o

[N
oo o ©

0.5

oco:
~N ~

1960

341.3
229.3

4.9
196. 6

215.0

78.3
121.4
108.1

45.4
83.2

88.7
86.9
159.2
94.3

62.1
62.5
41.6
57.7

39.7

9.3
18.0
5.2
1.7
2.9

56.6
4.2

8.8
.23.0
13.1
13.7

1965

387.6
268.0

22.3
254.0

275.4

152.1
196.7
170.0

103.5
143.1

155.2
147.4
233.0
153.2

98.3
125.7
98.9
108.4

105.4

25.3
31.7
12.1
2.8
9.7

78.3

7.5

16.0
41.2
17.8
17.5

1970

435.5
310.0

84.7
309.4

318.2

222.6
253.9
215.8

173.7
215.5

220.1
200.0
286.1
223.1

135.9
191.5
151.5
161.8

189.6

70.6
65.8
25.7
3.9
35.3
130.8

14.5

25.1
,60.8
24.5
23.1

2.25 -

1975

499.6
390.7
154.4
363.2

376.8



44,
45.
46.
47.
48.
49.
50.

53.
53+54.

55.
56.

57.
56- 58.

I ndonesi a

Mal aysi a

Phi | i ppi nes

Thai | and

Si ngapor e

Hong Kong

Republ i ¢ of Korea

I ran

Iran, G her oil producing
+ |sraél

G her-Mddl e East .

+ North Africa L.

N geria
South Africa
Gher Africa

Note: a) own estinates.

1950

msﬂ.\l.o!\).#.o
TP DNDA

0.9

1955

OO NEFEN©O
WooNpDF, MADMO©

15

1960

=

= B
cCokRFPWWE
gaNOOONNDE

1965

=

= Ol
cCu~NNOPR
o A~ANOANO

55

12.5
8.1
1.0

61. 4
7.9

a)

a)

1970

N

N~
PROOI~NON

OCoooNP~oO

- 2.26 -

1975

w

N O
NDOODON
ADNWPOpNO®

23.8

28. 8%

12.2%

2.6
85.8

io;8a)
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As an illustration of this fact, graphs for a few countries are
presented bel ow

st
- Mexico : has the 1 phase already ended? (cf. figure 2 2a).;
- Netherlands : transition fromphase 1 to phase 2 was in the early

sixties at a degree of ownership of about 80 cars per
thousand inhabitants; the 2 phase is still continui ng
(cf. figure 2.2b);
- United States: the period '51-'77 nust be considered as fully bel ongi ng
to phase 2; the sanple period does not show the begi nning or
the end of phase 2 (cf. figure 2.2c>;
- UnitedKi ngdcm consi dering 1951-1970 as sanpl e peri od one shoul d expect
a nice logistic curve; however, the early seventies did
not show a continuing levelling off tendency, whereas,
from 1974 onwards, the change in direction, at |east
partly, nmust be attributed to the oilcrisis (cf. figure 2 2d).;
- ltaly . arather snooth devel opnent; transition fromphase 1to
phase 2 inthe early sixties and about 10 year |ater
transition fromphase 2 to phase 3 (cf. figure 2.2e).
Sone i npression about the period of transition fromons phase to

the next, is given intable 2.3 for many of the relevant countries
(colums 1-5). Fromthis table' we nmay draw the fol | ow ng concl usi ons:

- sone countries nmay be called early starters: a level of over 100 cars
per 1.000 inhabitants back in 1951 and phase 2 stretching frombefore
1951 till beyond 1977; this group consists of USA, Canada, Australia
and New Zeal and.

- nost European countries started phase 2 in the early sixties; exceptions
are early starter Saeden and sone sout hern European countri es.

- Japan is a special case: a spectacular growth from1 car per 1.000
persons in the early fifties, to 10 cars in the early sixties, 100 cars
inthe early seventies and 200 cars in the late seventi es.
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1950
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Figure 2.2 passenger cars in use
per 1000 persons
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Table 2.3 Development in car ownership

- 2.29 -

level transition 12 transitioa 2-»3 change change

1951 year(s) level vyear(s)' level 1974  1974-1977

(D (2) (3) (4) (5) (6) (7)
Argentina 19 '61-'637? 307 >'77 0.63 1.16
Australia 105 <'51 >'77 1.33 0.98
Austria 9  »60-'62 50 >'77 1.01 1.16
Belgium + Luxemburg 35 '63-'66 130 >'77 1.00 0.98
Brazil 5 '68-'707? 25? >'77 0.53 0.85
Canada 150 <'51 >'77 1.86 1.23
Denmark 28 '60-'61 100 '70-'71? 2257 -0.23 0.71
Finland 9 '64-*66 100 >'77 0.69 0.73
France*) 38 '63 160 '63 160 0.77 «1.00
Greece 1 >'77 >'77 0.82 2.06
Ireland 35 '59-'60 60 >'77 0.53 1.09
Italy 9 '62-'64 70 '73 240 0.75 0.59
Japan 81 '69-'70 80 >'77 0.52 0.60
Mexico 8 ? ? 1.84 1.23
Netherlands 15 '63-'64 80 >'77 0.86 0.90
New Zealand 135 <'51 >'77 1.82 0.38
Norway 21 '61-»62 80 >'77 1.39 1.94
Portugal 8 '69-'71 70 >'77 1.16 0.83
Spain 3 '72-'74 110 >'77 1.13 1.11
Sweden 44  '52-'54 50 '64-'66 230 1.37 0.80
Switzerland 36 '59-'62 100 >'77 0.83 0.92
United Kingdom 50 '63-'67 170 '63-'67 170 0.28 0.23
United States 276 <'51 >'77 0.74 0.73
Germany Fed. Rep. 16 '59-'61 80 >'77 0.25 1.09
Y ugoslavia 0 '69-'70 30 >'77 1.33 1.31
Note:
(1): nuriber of cars per 1.000 inhabitants in 1951
(2) and (3): year(s) and approximate | evel of car ownership (cf. (1)) for

transition fromphase 1 to phase 2.

(4) and (5): ditto for transition fromphase 2 to phase 3

(6): increase in degree of car ownership in 1974 conpared to the average of

1968- 1973

(7): ditto for average 1974-1977 compared to average 1968-1973

*) e thusfar.

< 34 -

France is the only country where phase» 2 ssgniR tn hs absent.
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Inplications of the above considerations are:

- it isinpossible to estinate saturation levels fromtinme series data;

- it isirrealistic to apply such nodels as sinple |ogistic curves or
logits as functions of tine only;

- it isnot appropriate for the long termto apply a specification in
which no saturation level is included, unless the country or region
is at a very lowlevel of car ownership per 1.000 inhabitants.

Wil e discussing the graph for the United Kingdom (cf. figure 2.2d) it was
suggested that the oil crisis in 1973-1974 nmi ght have affected car ownership
from 1974 onward. Sone countries do not show any significant direct effect
e.g. Mexico (cf. figure 2.2a), Netherlands (cf. figure 2.2b). In sone case,
e.g. Italy (cf. figure 2.2c), it is not clear whether the shape of the graph
is "normal" or affected by the oil crisis (cf. figure 2.2c for the United
States). Quite a fewcountries were affected significantly, either for

1 year only (cf. Gernany, figure 2.3a) or for all years since 1974 (cf.
Japan, figure 2.3b).

Figure 2.3 Passenger cars- in -usé per 10.@peraqgna,

1950 1974 1950 1974
a. Cermany b. Japan
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Sone statistics on this phenonenon are put together in the |ast two
colums of table 2. 3:
(Z = nunber of cars per 1.000 persons)

‘1974 41973

- achange in direction in 1974:
(71973 " ?1968)'°

-(71977 " 719743

- a change in direction from 1974 onwar ds:
(21973 " ?1968)'°

It is clear that the nunber of cars in nmany countries was not affected
significantly. O course, in explaining car ownership, attention shoul d
be paid to this aspect.

Many aut hors introducé per capita income as the nmain (or only) deterninant

for car ownership (cf. section 2.2). To check the validity of this assunption,
scatter diagrans for the countries for which the graphs for cars per 1.000

i nhabitants (cf. figures 2.2 and 2.3) have been shown are presented in

figure 2. 4.

Figure "2.4 Scatter diagram passenger cars per 1QU persqgns (p.c. per 1QXpers,L
and CGDP per capita in 1975 prices, in 1975 U.S. $ (x 1000)
(Q@P per cap, 1.
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The nai n concl usions to be drawn are:

- the relationship is not |inear over a |ong period of tine.

- the graphs of car ovnership (figure 2.2 to 2.8) are snoot her than
the scatter diagrans with P per capita, indicating a larger variation
around the trend for CDP per capita than for car ovmership.

- reduction in (P per capita in or since 1974 hardly had any effects
on car ovnership; although this may be explained froma possibly
| arger decrease in profit incone than in personal incone, still this
nay be considered as one of the pillars of the hypothesis« there
i S an aut onormous novenent in car ovmership.

- no significant levelling off tendency can be observed if car ovnership
is related to CDP per capita.

The next sub-section is devoted to the two parts of our nmodel for the
nunber of passenger cars in use per thousand:
2.3.3 - determnation of saturation |evels
2.3.4 - relationship between car ownership, incone per capita and
aut ononous rovenent s.
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2.3.3 Determnation of saturation |evels

In previous sub-sections (2.2.5and 2.3.2) it was concluded that a possible
saturation level nay play a very inportant role in long run projections of

car ownership. Athough historical developments in the sixties and seventies
show rather linear functions for the relationshi ps between car ownership and tine
and income per capita, it is intuitively clear that the linear relationship does
not hold for increasing income (per capita) and that some kind of |evelling off

nust be envi saged, due to other influences than those included in the specification.
Determnation of saturation levels fromtine series data was concluded to

be extremely dangerous and irrealistic if not bluntly inpossible. Therefore

a nethod had to be developed in order to arrive at a saturation |evel

for each country. It is clear that the assunption of differences in saturation
| evel s between countries cannot be onitted, e.g. because of differences in
denogr aphi ¢, geographi ¢ and other characteristics.

Some denographi ¢ factors on which data can be obtai ned and which are rel evant
to car ownership are discussed first. A very inportant factor is the nunber

of people basically able to drive a car. This nay be indicated by the

percent age of people of age 19 and ol der. Data for countries with a reasonably

high rate of car ownershi pl)

in 1975 show a range from 59. 9%for New Zeal and
to 72.5%for Sweden. Assumng a naxi mum of 1 car per person, reducing this
with a few percentages points for people who will never drive a car and
adding a few for such cars as business cars and taxis, we may derive proxies
for "absolute saturation |evels" per 1.000 persons of about 625 for New

Zeal and and 750 for Sweden at this juncture.

Qning to chaijge in popul ation conposition,, these absol ute saturation |evels
nay change over tine. An indicator which nmay be used for simlar purposes
i s average househol d si ze. Popul ation conposition and househol d size are
strongly correlatedi in a cross section for 1975 1) (r =-.79). However,
average househol d size may al so include sone other aspects related to car
owner shi p, such as the social role- of the fanily. Data on househol dsi ze in
1975 show rather high figures for Ireland, Spain, Portugal, Iceland,

Net her | ands, Japan and New Zeal and, ranging from 3.8 down to 3. 3.

The lowest figure is 25 for Sweden.

1) Australia, Austria, Bel giumand Luxenbourg, Canada, Denmark, Finland,
France, Iceland, Ireland, Italy, Japan, Netherl ands, New Zeal and,
Norway, Portugal, Spain, Sweden, Switzerland, United Kingdom Unhited States,
and West-CGernmany are the countries included in the anal ysis.
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A soci odenogr aphi ¢ phenonenon, whi ch m ght put pressure on car ownership is
denand for cars by women worki ng outside the househol d. An indicator for
this nay be fenal e participation rate. This variabl e ranges from around

19 %for Spain and Italy to above 40 %for Denmark, Sweden and Finland in
1975.

Movi ng from demographi ¢ to geographi ¢ factors, possibly influencing the
saturation |level, there is popul ation density, highest for the Netherlands
(366) and |l owest for Australia (1). On the one hand this will affect
availability of land for road-construction, on the other hand availability

of public transport will be much better. Both factors nay have a depressi ng
i nfluence on the saturation level. Availability of land for living and road
construction may be reduced by nountai neous areas, |akes, desserts etc. Thus,
the percentage of inhabitable area m ght be included. This percentage is very
lowfor Finland (23.5 %), Japan and Sweden (32.5 % and very high for Irel and
(94.9 % and the Wnited Kingdom (90.5 % .

Correctihg popul ation density for the percentage of inhabitable area, an
extrenely high figure for Japan (920) is obtained, foliowed by Bel gi umand
Luxenbourg (412), the Netherlands (401) and Vést-Gernany (359). Australia still
has the | owest figure: 2 persons per square kil oeter of inhabitable area.

It is not only popul ation density but al so concentration of people in a snall
area whi ch may reduce possible long termincrease in car ownership. Thus,
urbani zati on may play an inportant rol e. Wbanization in general does not
need to reduce car ownership |levels. Besides, owing to differences in
definition, no data which are conparabl e between countries are avail abl e.
Therefore it is better to use as an indicator the percentage of urban

popul ation in cities of over 500,000 peopl e, being very high for the USA

(75 % and Australia (68 % and rather |low for Sweden, Switzerland, Belgium
and Finland (from22 % to 27 % in 1975.

Finally, turning to factors nore directly related to cars one may suggest tax
i nci dence on cars and their usage. Wsing various types of taxes bearing on
car ownershi p and use, an indicator is arrived at which shows very | ow
figures for New Zeal and, Canada, USA, Australia, Portugal and Spai n, whereas
very high tax |evels were derived for such countries as |cel and, Finland,
Norway, Switzerland and Irel and.

1) taxes on acquisition (inport, purchase, registration), taxes on ownership,
driving license fees and taxes on use (fuel, tires, road taxes);
Source: Wrld Road Statistics by the International Road Federati on,
Geneva, Véashi ngt on.
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The last factor, called in as a variable possibly explanatory to car ownership in
a country is car production, which may reflect the role the passenger car is

playing in a country and the |evel of acceptance it is enjoying.

In order to estimate the saturation level for various countries we start fromthe
observation that it has nowhere been reached as yet. The main reason for this is

i nsufficiént income per capita. As it is not possible to derive a saturation |eve
fromtine series data, whereas a relationship between inconme and car ownershi p nust
be based on time series, a two-stage procedure has been devel oped. In this section

saturation levels will be derived, while in 2.3.4 car ownership will be explained

We may fornulate the follow ng nodels, using a log linear specification, which

is nmore appropriate in case of cross-sections

Z a u. Z
-i-=a, Y. el with”r <1 (2. 64)
i X
wher e i = country nunber
Z. = passenger cars in use per 1,000 persons
S. = saturation |level, expressed in nunber of cars per 1,000 persons
Y. = income per capita
Uy, = di sturbance term

Basically this is a sinplified and restricted version of the rel ationships
which will be specified in 2.3.4.

Havi ng postul ated a nmodel for Z/S., we may now formul ate an equation for S

J 3
S. =eo li XJ (2. 65)
j=l

where X . are variables explaining the saturation level in country i.

They have been di scussed above and may be listed as foll ows:

- percentage of people of age 19 and ol der (X .)

- househol d size (X, )
2X
- fermale participation rate (X .)
- popul ation density -i-)
- percentage of inhabitable area (X%.)
5x
- popul ation density corrected for percentage inhabitable area (X )
6
- urbanisation (X..)
- taxes related to car ownership (X,.)
8x
- production of passenger cars (Xq-» X )
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Z.
The constraint — <1 can be net for each country by moving 3

O course, only a part of these variables may be included in (2.65)
Since we have no data on S.., we substitute (2.65) into 2.64)
- ol 22 2 1 x
z, = (3539 Y; D7 X2 @ (2. 66)
Estimation gives (ag3 ), 0", ap, 3. (j =1, ..., J) .

Now S. can be derived except for a constant factor because (cxa3,) cannot
1 ~ « 00

be split into e and 3, ¢ This nmeans that this result can be used to fix
the ratios of the S.. An exogenously given saturation level S for country Kk,

determ nes the saturation levels for the other countries, because now 3 can
o}
be deri ved.

The anal ysis has been done using data for 1975. In the sixties nany countries
showed such a | ow density of car ownership, that an anal ysis aimng at
estimation of saturation |evels, was not appropriate for these countries.

Not including these countries in the sanple (cf. footnote on page 2-37),

gave too large a reduction in sanple size, to make the anal ysis feasible.

In the first set of anal yses, production of passenger cars has not been
i ncl uded as explanatory vari abl e.

Regressi on anal ysis provides as- result:

» _ »0.5201+ -0.6819 -0.06659  ,0.2838 -0. 2581 2.370 v 0y

il 2i i 5i 8i
(0.11+34)  (0.5136)  (0.02476) (0.1136) (0.0938) (1.777)

with Standard errors in brackets and R = 0.807
Z. = nunber of passenger cars in use per 1000 persons
Y. = income per capita
X_2i = average househol d size
Xuy. = population density
Xgi = percentage of inhabitable area
Xt. = taxes related to car ownership

country nunber.
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Sorme of the nore general concl usions are:

I
[
t

popul ation structure (X ) cannot be included simltaneously wth house-

hol d size (X,) and does not show any reasonabl e i nfluence, perhaps

partly owng to nulticollinearity with incone per capita (Y) and partly to
very |low (even negative correlation with cars per 1000 persons (Z2);

fenale [abour participation rate (X) shows very little relationship to car
ownership, although it has a rather high correlation with GDP per capita;
conbi ni ng popul ation density (X ) and percentage inhabitable area (x)

to adjusted popul ati on density (X ) shows very poor results.

ncl usion of the percentage of population living in cities of over 0.5 mllion
nhabitants (X.) does not show any appropriate significant influence at
hi s st age.

Usi ng possi bl e saturation levels in the USA as basis to conpute B in (2.65),

saturation levels for other countries can be cal cul ated using variables X, .,

X, X5>'< and X8i and their coefficients from (2.67). Results are presented

4i
n table 2. 4.
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Table 2.4 Estimation of saturation |evels of passenger cars per 1000 persons,
based on (2.67).

ratio S USA = 600 S USA = 650 S USA = 700

saturation

| evel s satur. ratio satur. ratio satur. ratio
| evel act . | evel act . | evel act .

. USA 1. 000 600 0.83 650 0.77 700 0.71
Canada 1. 079 647 0. 60 701 0. 56 755 0.52
Japan 0.621 372 0.41 404 0. 38 435 0.35
Australia 1.162 697 0.52 755 0. 48 813 0. 45
New Zeal and 1. 238 743 0.51 805 0. 47 867 0.44
W Ger many 0.784 470 0. 62 509 0.57 549 0.53
France 0.779 467 0. 62 506 0.57 545 0.53
Uni t ed Ki ngdom 0. 848 508 0.50 551 0. 46 593 0.43
Net her | ands 0. 668 401 0. 62 434 0.57 468 0.53
Bel gi um +
Luxenbour g 0. 783 470 0. 57 509 0.53 548 0.49
Denmar k 0. 841 505 0.51 547 0.47 589 0.43
I cel and 0. 818 491 0. 59 532 0.55 572 0.51

, Sweden 0. 749 449 0.75 487 0. 69 524 0.64

. Switzerl and 0. 720 432 0. 65 468 0. 60 504 0. 56
I rel and 0. 689 413 0. 40 448 0. 37 482 0.34
Nor way 0. 808 484 0.49 525 0. 46 565 0.42
Fi nl and 0. 569 341 0. 62 370 0. 57 398 0.53
Austria 0. 828 497 0. 46 538 0.43 580 0.39
Italy 0. 760 456 0. 59 494 0.55 532 0.51
Spai n 0.767 460 0.29 499 0. 27 537 0.25
Por t ugal 0.735 441 0.26 478 0.24 515 0.22

Not e:

Ist colum: estinated ratio of saturation |evel per country and
saturation |evel of the USA
2nd, 4th, 6th colum: estinmated saturation |evel per country
3rd, 5th, 7th colum: ratio of actual |evel of car ownership and
estinated saturation | evel.
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Passenger car production as J&n expl anatory vari abl e can be i ncl uded
invarious ways. It is not clear, apriori, whether car

production (X.) assuch, or car production per capita (x ./N) nust be
included into (2.67). Inserting

VA7) G AN o (2.68)

2_
into (2.67) gives as estimation results y; ° Yo <i R = 0.854

AN

<\IW? by i>= frvV

Replacing

results in

., _vQ4672 05555 -0.07426 02762  -0.1423 - 006039 18715
T 2i 4 5i 8i gi.
(0.1360)  (0.481Q) (QQ2332) (0.1054) (0.1069)  (0.03249) (1.6687)

(2.69)
R® = 0.845 .

Estination results of saturation |levels are presented in table 2.5.

" 45 °
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Table 2.5 Estination of saturation |evels of passenger cars per 1000 persons,
based on (2.69).

ratio _ S USA = 600 S USA = 650 S USA = 700

saturation

| evel s satur. ratio satur. ratio satur. ratio

| evel act. | evel act. | evel act.

USA 1. 000 600 0.83 650 0.77 700 0.71
Canada 1.024 615 0.64 666 0. 59 717 0.55
Japan 0. 549 329 0.72 357 0.43 384 0. 40
Australia 1. 086 652 0. 56 706 0.51 760 0. 48
New Zeal and 1. 051 631 0. 60 683 0.56 736 0.51
W Ger many 0. 796 478 0.61 517 0. 56 557 0.52
France 0.779 467 0.62 506 0.57 545 0.53
Uni t ed Ki ngdom 0. 829 497 0.51 539 0. 47 580 0.44
Net her | ands 0.578 347 0.72 376 0. 66 405 0.61
Bel gi um +
Luxenbour g 0. 654 392 0.51 425 0.63 457 0.59
Dennar k 0. 741 445 0.53 482 0.53 519 0. 49
| cel and 0. 898 539 0.54 584 0.50 628 0. 46
Sineden 0.716 430 0.78 465 0.72 501 0. 67
Swi t zerl and 0. 648 389 0.72 421 0.67 453 0. 62
Ireland 0. 660 396 0.42 429 0.39 462 0.36
Nor way 0.764 458 0.52 496 0.48 535 0. 45
Fi nl and 0. 543 326 0.65 353 0.60 380 0. 56
Austria 0.721 433 0.53 469 0. 49 505 0. 46
Italy 0.735 441 0.61 478 0.57 514 0.50
Spai n 0. 674 404 0.33 438 0.31 472 0.29
Por t ugal 0. 613 368 0.31 399 0.29 429 0. 27
Not e: 1st colum: estinmated ratio of saturation |evel per country and

saturation | evel of the USA
2nd, 4th, 6th colum: estimated saturation |evel per country
3rd, 5th, 7th colum: ratio of actual |evel of car ownership and
estinated saturation | evel.
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Estimation results are:

0.4767 , 0.5195 0. 07650 0. 3062
Yi *2j X4i X5j
(0.1402) (0.4965) (0.02419) (0. 1195)

+
|

0.09622 _ -0.1676 “y 0.08214  2.0074
n X7I X8 _ 9| S ( 2 70)
(0.1645)  (0.1178) (0.04989) (1.7251)

R> = 0.849

On the basis of the above equation it is again possible to estimate saturation
levels for different basic saturation levels for the USA (cf. table 2.6).

It can be concluded that very high saturation levels are expected to prevail
in such countries as New Zeal and, Australia, Canada and the USA whereas |ow

| evel s can be expected for Japan and the Netherlands. The USA, Sweden and the
Net her| ands have al ready progressed rather far on the way to saturation.

After inclusion of X ,or » ,it is possible to introducé urbanization X_,

0. X 7'
whi ch now obt ai ns proper sign (negative) and increases the coefficients
of X considerably. However it is not significant.
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Table 2.6 Estijnation of saturation |levels, 1975, based on (2.7Q.

ratio S USA = 600 S WSA = 650 S USA = 700
?g\t/glréati " satur. ratio satur. ratio satur. ratio
| evel act . | evel act . | evel act .

USA 1. 000 600 0.83 650 0.77 700 0.71
Canada 1.010 606 0. 65 657 0. 60 707 0.55
Japan 0. 537 322 0. 48 349 0.44 376 0.41
Australia 1. 040 624 0.58 676 0.54 728 0.50
New Zeal and 1. 080 648 0. 58 702 0.54 756 0.50
W Gerraany 0. 790 474 0.61 514 0. 56 553 0.52
France 0. 798 479 0.61 519 0. 56 558 0.52
Uni ted Ki ngdom 0. 804 483 0.53 523 0.49 563 0.45
Net her | ands 0.575 345 0.72 374 0. 66 403 0.62
Bel gi um +
Luxenbour g 0. 656 393 0.68 426 0.63 459 0.58
Dennar k 0.717 430 0.59 466 0.55 502 0.51
| cel and 0. 962 577 0.50 625 0. 46 673 0.43
Sweden 0.716 430 0.78 466 0.72 501 0.72
Swit zerl and 0.720 401 0.70 435 0. 67 468 0.67
Ireland 0. 652 391 0.42 424 0.39 457 0.36
Nor way 0.774 465 0.51 503 0. 47 542 0.44
Fi nl and 0. 535 321 0. 66 348 0.61 374 0.57
Austria 0.722 433 0.53 469 0.49 506 0.45
Italy 0.733 440 0.61 477 0.57 513 0.53
Spai n 0. 666 399 0.34 433 0.31 466 0.29
Por t ugal 0. 649 390 0.29 422 0.27 454 0.25
Not e: st colum: estimated ratio of saturation |evel per country

and saturation |level of the USA
2nd, 4th, 6th colum: estimated saturation |evel per country
3rd, 5th, 7th colum: ratio of actual |evel of car ownership and
estinmated saturation | evel.
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Two renarks nmust be nade. The first is that the tables are based on information
about variabl es as valid in 1975. Most of the variables will hardly change
over time, but sone adjustnments mght be made for the future. This is particularly
relevant for the indicator for taxes, which nay be used as a policy variabl e

to influence car park.

Secondly, paraneter estinmations are based on a cross section in 1975. V& have
no reason to assume dramati ¢ changes over time in the paraneters 3. in 2.65.
Trying to estinmate these changes by using a tine series of cross sections
encounters the fol | owi ng obj ecti ons:
- it isonly since a fewyears that Z is large enough for sufficiént countries
to make the anal ysis feasibl e;
- alnost all X . hardly change over tine;
- if atime series of Z., Y. etc. is used, the incone elasticity becomes
a mxture of a static (cross section) and a dynamc (tine series) income
el asticity;
- besides, other specifications for the relationship between Z. and Y. nust then
be included as will be seen in the follow ng section.
For the above reasons we have decided to use this nethod and apply sensitivity
analysis for a final test.
VW may now conclude to three scenarios for future saturation in the passenger
car market, related to perspective saturation levels in the USA: 600, 650 and
700. The (rounded) results are given intable 2.7.



Table 2.7 Saturatlon levels for three scenarios, expressed
i n passenger cars per 1000 persons.

Saturation |evels

Scenari o Scenari o Scenari o

S S2 3
USA 600 650 700
Canada 610 660 710
Japan 320 350 380
Australia 620 680 730
New Zeal and 650 700 760
W Ger many 470 510 550
France 480 520 560
Uni t ed Ki ngdom 480 520 560
Net her | ands 350 370 400
Bel gi um +
Luxenbour g 390 430 460
Dennar k 430 470 500
| cel and 580 630 670
Sweden 430 470 500
Swit zerl and 400 440 470
Ireland 390 420 460
Nor way 470 500 540
Fi nl and 320 350 370
Austria 430 470 510
Italy 440 480 510
Spai n 400 430 470
Por t ugal 390 420 450

- B0 -
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2.3.4 Devel opnents in car ownership

In the previous sections we have arrived at a series of conclusions concerning

past and perspective devel opments in car ownership. They nmay be briefly

reviewed as foll ows:

- there has been, is or will be a diffusion process, a | earning process,;

- this diffusion process is rather autononous over tie;

- nore attractiveness of cars because of changes in prices, supply, quality,
etc. is indistinguishable fromdiffusion aspects;

- the diffusion aspect of growth in car ownership nay very well followa
| ogistic or cumul ative nornal distribution function of tine;

- there will be a saturation level; scenarios for the saturation |evel have
be drawn up in 2.3.3;

- it is better for our purpose to use cars in use per 1.000 persons than per
househol d or fanily;

- at alater stage growh in car ownership will become nore inconme dependent.

Inviewof this it is clear that a different approach is needed for:

- countries with arelatively high level of cars per 1.000 persons and with
a reasonabl e size of popul ati on;

- countries which have a relatively Iow level of car ownership or are
relatively snall

The first group is the sane group of countries which have been used in the

analysis for the saturation level in 2.3.3. It consists of the countries

where the level of car ownership is at least 125 per 1.000 persons in 1975

ofthus excluding Portugal). Relatively small countries such as Malta (= other Véstern

Europe), Iceland, Kuwait and Lybi an Arab Jamahiriya have been excl uded.

2.3.4.1 Car ownership in larger countries with high car density

Above it has been concluded that for any country in this group the nunber of cars
per 1.000 persons (Z) is related to incorme per capita (Y ), time (t) as a proxy

for diffusion and ot her autononous influences and a saturation |level S

Z =f{Y,t, 9 (2.71)

This function should followthe path of the logistic function, the cunul ative
nornal distribution function or the cumul ative | ognornal distribution function.
As it is very hard to distinguish between these functions, on the basis of
avail abl e data, we have chosen the |ogistic function because it is easier to
handl e.
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A possible specification is

Zf ¢ £, Vi " OA (2.72)

1+ ae
1

There are at |east two objections against (2.72): During nost of the sanple
period income per capita is strongly linearly correlated with time. Therefore
multicollinearity creates a lot of estination problems and we night as well
use a sinple logistic function of time only. However, because of its shape,
the sinple logistic function is unsuitable in case of car ownership.
Secondly, Y and t nust have their major inpact at different points intine.
This can only be realized if two separate logistic functions for inconme and
tine act as explanatory conponents

Y t

; = 5 + £ (2.73)
t - aZYt - a4t
1+a e Ha- e

1 1
Y t Y
under the constraint that S=S + S . This may be wittenas S =y S and
S = (l-y)Swith0< YE£ 1

Equation (2.73) contains five paraneters to be estinated a. , a,, a_, a. and V.
This is too much for a non-linear estinmation method, given the nunber of
observations. It becones even nore conplicated because of the specification of
the function and the strong correlation between Y and t. Applying |east squares
after adding a disturbance termleaves us with a generally rather flat function
to be mni mzed.

The first step for inprovement is the inclusion of sone assunptions about
S, SY and St. This boils down to the foll owi ng questi ons:
- which saturation level must be applied to past data: S, S, or S according

to the scenarios of table 2.7 or perhaps another S?
Y t

- to which saturation level nust S and S be rel ated?

Qur analysis leads us to the follow ng concl usi ons:

In the past, | evels of car ownership were rather |ow conpared to any reasonabl e
saturation level.Changing the saturation | evel fromyear to year while estinating

(2.73) will not have any effect. The part of the total saturation |evel
to be attributed to S should not be too big. O the other hand, future

scenarios for S S or S should not affect St because the diffusion process
has al nost expired for many countries and because higher saturation |evels

than S, can only be realistic if incone allows for these devel opnents.
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Finally, the overall estimation results are not affected dramatically if S

isrelated to S, or S rather thanto S, and estination results are rather
t t t
robust with respect toS =04S,S =05S or S =Q6 S.

Taking all above consideration into account the foll ow ng approach has been used
for the estimation part

S¢- 0.5 g~ (2.74)
SI n SI n S
and for projection purposes

Sfc

0.5 S, (2.75)

S =S - S°for k=1, 2, 3

This is feasible because, for the time bei ng, the discrepancy between Z and
S,S or S istoohigtostrongly influence estimation results.
A change from SY to SY will affect a and a, in the incone dependent part in
(2.73) . The following restrictions for the |ast observation before the introduction
of the change in saturation |evel are used:
- the nunber of passenger cars as expl ained by the income dependent part (Z)
nust not be changed
- the direction of the income dependent curve (C) nust not be changed.
The coefficients a and d, can then be adjusted toa and a according to the
foll owing formul as

c
a2 fj~2 (2. 79)
ZS -Z
ok o
and
— z
a; = e Yo (;— -1 (2.77)
0
where Y = incone per capita at the |ast observation.
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Turning to the estimation part, (2.73) and (2.74) lead us to the foll ow ng
equat i on

0.5 S 0.5 S
Z4. = . + =——co
t -0Y -ag t
1+a e 1+a. e

(2.78)

Estimation results using non-linear estinmation nmethods are presented in table
2.8. In some cases it proved to be better not to assune an i mredi ate effect
of (DP but to use a noving average i nstead.

Substituting
Yyr=,2 Y. . (2.79)
t k=0 t-k
into (2 78) gives
0.5 S 0.5 S (2. 80)
2 = > —+ + .
t 32 ?t -a4t
l+a"e 1+a e

gives estinmation results which are presented in table 2.9. In all cases, we
have used t = year - 1950.

It is useful to conpare the results presented intables 2.8 and 2.9 with
ordinary linear regression results:

Zt=ai Yt+a2t+a3 (2 81)

or

Zt aI Yt + a2 t o+ 33 (2_ 82)
Results are shown in tables 2.10 and 2.11 respectively.

In general equation (2.78) and possibly (2.80) provide slightly better
estimation results than the relations (2.81) and (2.82).

Log linear versions of 2.81 and 2.82 give very poor results.



Table 2.8 Estimation results of equation (2.78)

10.

11.

13.

14.

15.

16.

17.

18.

19.

20

USA
Canada
Japan
Australia
New Zeal and
Germany F. R
France
United Ki ngdom
Net her | ands
Bel gi um +
Luxenbur g
Denmar k
Sneden
Swi t zerl and
Irel and
Nor way
Fi nl and
Austria

Italy

Spai n

s

600

610

320

620

650

470

480

480

350

390

430

430

400

390

470

320

430

440

400

a
1378. 4

(2.37)
5503. 4

(1.63)

11725.
(2.22)

664. 04
(0. 96)

32558.
(0. 48)

33121.
(0. 96)

37. 606
(2.04)

73868.
(1.68)

160. 97
(1.08)

20. 970
(3.41)

46. 197
(4.43)

2083. 8
(1.53)

16029.
(0. 80)

101447,
(0. 48)

4555. 5
(0. 66)

372.72
(1.01)

49346.
(0.91)

188. 04
(1.56)

224. 12
(13. 41)

a2 a3 a4
1.0984 0.56467 0.32064
(17.89) (1.03)  (1.76)

1.1172 1.2434 0.12096
(13.25) (30.23) (20.39)

1.6072 1674.2 0.37115*
(16.03) (11.71)

0.84567 2.4666 0.12107
5.72) (18.55) (20.03)

.2428 1.6503 0. 10798
4.72) (18.48) (11.08)

.3292 19.250 0.22647
9.47) (12.07) (27.81)

.40913 11.826 0.21478
5.45) ( 6.77) (31.56)

(

2

(

1

(

0

(

0.095218 16.719 0. 19840
( 0.59) ( 5.19) (17.82)
0

(

0

(

0

.89740 50.516 0.21534

4.96) ( 1.38) ( 5.59)

.47930 29.598 0.21258
9.16) ( 3.63) (14.24)

. 42684 19.044 0.21632
(12.36) (11.30) (47.85)

0.93769 6.0431 0. 25467
(11.65) (12.12) (17.89)

1.0819  6.6370 0.17206*
( 7.14) ( 4.50)

3.4126  6.8649 0. 12843+
( 4.32) (17.94)

0.92497 17.923 0.19599
( 4.74) (13.22) (27.60)

0.98227 32.232 0.22871
( 5.91) ( 5.62) (24.53)

1.7930 24.606 0.21286
( 8.92) (15.37) (40.40)

1.4688 79.618 0.24434
( 7.08) ( 3.05) (15.20)

0. 90203* 403.55 0.26088*
(18. 01)

2.50

R DW
0.990 0.33
0.997 2.81
1.000 0.72
0.998 0.99
0.992 0.75
0.998 1.76
0.998 1.22
0.998 0.84
0.996 0.61
0.998 0.81
1. 000 1.53
0.997 0.66
0.974 0.44
0.994 0.35
0.997 0.84
0.997 0.54
0.999 1.27
0.999 1.18
1.000 0.62

been used

Estimates of point of inflexion, applying grid nethods, have
to estinmate this paraneter

t - values in brackets
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Table 2.9 Estimation results of equation (2.80)

10.
11.
13.
14.
15.
16.
17.
18.
19.

20.

* Estinates of point of inflexion, applying grid methods, have been used

US A

. Canada

Japan
Australia

New Zeal and

Germany F. R
France
Uhi t ed Ki ngdom

Net her | ands
Bel gi um +
Luxenbur g
Denmar k
Sweden

Swi t zer| and
I rel and

Nor way

Fi nl and

Austria

Italy

Spai n

S,

600

610

320

620

650

470

480

480

350

390

430

430

400

390

470

320

430

440

400

a,

1828. 8
(2. 34)

1386. 0
(1. 74)

1245. 3
(2.48)

213.75
(0. 75)

525. 44
(0. 64)

9134. 1
(0. 94)

18. 035
(1.87)

18. 569
(0.58)

248. 71
(1. 20)

11. 957
(4. 62)

21. 942
(3.03)

838. 17
(2.49)

21645.
(1. 56)

166. 018
(0.43)

407324
(0. 49)

114. 46
(2. 24)

4461. 2
(1.21)

409. 20
(1. 55)

396. 35
(14. 27)

to estimate this paraneter.

t

- values in brackets

a

1. 0930
(18. 05)

0. 98420
(12. 36)

1. 1804
(11. 89)

0. 70194
(3.71)

1. 4102
(4.54)

1. 2069
(8.03)

0. 31932
(3.75)

0. 30741
(0.73)

0. 97362
(7.06)

0. 40835
(10. 30)

0. 32458
( 6.27)

0. 85855
(17. 00)

1. 1436
(15. 03)

3. 6211
(3.92)

1. 6333
(5. 65)

0. 82566
(10. 30)

1. 4556
(9. 17)

1. 7409
(8.77)

1. 1965*

a

0. 33170
(5.12)

1. 2853
(18.92)

2002. 6
(8.37)

2.8230
( 10. 40)

1. 6651
(5. 83)

21. 005
(10. 23)

14. 423
(5. 13)

14. 057
(2. 85)

44. 373
(2. 95)

50. 974
(4.34)
25.134
(6. 66)

6. 8198
(11. 20)

7. 6936
(6. 56)

8. 2833
(17.90)

21. 425
(10. 62)

46. 356
(6.73)

22. 470
(18.82)

66. 366
(8. 06)

337. 03
(22. 66)

0. 29384
(3. 50)

0. 11362
(12. 89)

0. 38011*

0. 12494
(12. 68)

0. 073591
(5. 70)

0. 23203
(22. 88)

0. 21929
(27. 90)

0. 19582
(14.93)

0. 22880
(17. 24)

0. 24097
(20. 64)

0. 23092
(33.21)

0. 26332
(19. 00)

0. 18549*
0. 14095*

0. 21368
(29. 00)

0. 24378
(35. 85)

0. 20349
(40. 73)

0. 24849
(51. 40)

0. 25305*

. 989

. 997

. 000

. 997

. 996

. 998

. 997

. 997

. 998

. 999

. 999

. 998

. 993

. 996

. 997

. 999

. 999

.000

.000

2.51 -
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Table 2.10 Regressxon results for Z =a Y +a t +d_

a.

1. US A 28. 802 5. 9998 129. 98
(6.25) (0.81) (26. 84)
2. Canada 20. 710 6. 7066 66. 775
(5.21) (0.77) (17.03)

3. Japan 27.088 5.8766 -121.35
(17. 35) (3.77) (17.87)
4, Australia 14. 709 8. 8938 43. 404
(4. 25) (0. 56) (13. 50)
5. New Zeal and 29. 304 8. 0041 49. 003
(15.09) (1.01) (37.90)
6. Germany F.R 13. 597 9. 9164 -61. 546
(20. 44) (4.02) (47.67)

7. France 62. 986 -101. 13
(2. 35) (10. 84)
8. Lhited Ki ngdom 3.4126 10.439 - 17.853
(7.50) (1. 26) (35. 60)

9. Net herl ands 71. 443 -198. 43

(2.16) (9.71)

10. Bel gium+ 42. 809 3.8076 -100.71
Luxenbur g (5.20) (0.85) (12.01)

11. Dennark 44, 884 3.0865 -118.75
(6.34) (1. 06) (16. 69)

13. Sweden 10. 424  10. 359 - 4.8330

(9.49) (1.82) (34.64)
14. Switzerland 3.4126 10.439 - 17. 853
(7.50) (1. 26) (35. 60)
15. Irel and 73.729 1.6619 - 70.051

(7.86) (0.47) (8.89)

16. Norway 38. 084 3.4491 -114.52
(4.76) (0. 85) (12. 30)

17. Finland 48. 877 1.6389 -107.84
(6.72) (1. 04) (11. 16)

18. Austria 57.921 1.5615 -108.19
(9. 30) (1.38) (12. 69)

19. Italy 134. 78 -183. 72
(5.48) (12. 80)
20. Spain 43. 085 4.1041 - 99. 367

(45.51)  (4.58) (17. 13)

wher e Z = cars in use per 1.000 persons
Y = P per capita
t =tinme

Standard errors in brackets
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R

. 991

. 989

. 973

. 998

. 991

. 983

. 967

. 986

. 978

. 993

. 996

. 993

. 986

. 995

. 993

. 988

. 992

. 960

. 933



Table 2.11 Regression results for Z - a

1. US A 43. 405
(7.73)
2. Canada 33. 113
(5. 84)
3. Japan 54. 898
(1.29)
4, Australia 2.5188
(6.03)
5. New Zeal and 85. 391
(44. 36)
6. Gernmany F.R 22.482
(18. 66)
7. France 61. 904
(3.13)
8. Lhited Ki ngdom 69. 861
(60. 59)
9. Net her| ands 76. 997
(8.73)
10. Bel gium+ 27.907
Luxenbur g (6.93)
11. Dennark 23. 601
(16. 14)
13. Sweden 59. 760
(1.85)
14. Switzerl and 15. 968
(9.17)
15. Irel and 46. 561
(9.81)
16. Norway 24. 250
(6. 65)
17. Finland 38. 239
(6.30)
18. Austria 47.118
(6.61)
19. Italy 149. 97
(3.21)
20. Spain 98. 008
(3.44)
wher e Z =
Yt = kh Yk,
t =time

|
4. 4387
(1.02)

5. 1616
(0. 88)

10. 700

(0. 82)

4. 4941
(1.17)

9. 2996
(3. 69)

4. 5766
(4.41)

0. 37740
(1. 35)

7. 1449
(1. 16)

6. 9745
(2.81)

9. 0803
(1.62)

3. 7595
(0. 61)

6. 9574
(1.18)

4. 2529
(1. 00)

4.1311
(0. 97)

Y + at

L
74. 363
(30. 32)

34. 186
(16.77)

-78.677
(3.93)

78.478
(17.08)

-84. 494
(44.37)

- 95. 094
(35. 88)

-71. 401
(14.21)

-132. 66
(131. 55)

-210. 89
(16.78)

- 75. 528
(13. 13)

- 62. 608
(34. 64)

-144. 71
(11.92)

- 86. 209
(38. 90)

-43. 467
(9.43)

-90. 050
(14. 43)

-97. 184
(8.03)

-97. 327
(7.05)

-198. 98
(7.41)

-127.12
(7. 25)

cars in use per 1.000 persons

Standard errors in brackets
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Y_ = OGP per carpita

. 993

. 991

. 992

. 998

. 995

. 995

. 949

. 986

. 995

. 992

. 989

. 980

. 996

. 996

. 993

. 994

. 997

. 990

. 994

2.53

.23

.81

.27

.14

.10

.50

.15

.22

.35

.30

.21

.20

.38

.61

. 65

.32

. 49

.16
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2.3.4.2 Car ownership in other countries

The 20 countries described in the previous sub-section represented 85 %of

world car park in 1977. The remai ning 15 %was distributed as fol | ows

G her Anrerica 55 %
G her Asia, Africa + Cceani a 4.0 %
C her Europe 55 %

t is inpossible to do a simlar elaborated anal ysis for several reasons:
quality of the data,
length of tine series,
| ess systenatic devel oprent.

Besi des, the contribution of the countries, focussed upon in this sub-section,

does not require as detailed an anal ysis as was done for the countries

studi ed in the previous sub-section.

Many types of equati ons have been used to anal yze devel oprents in the nunber

of

ears in use per 1.000 persons over tinme. W shall refrain fromgiving

details on all estimation results and confine oursel ves to indicating which

equation specification proved to be useful. The foll owing specifications

were applicable in at |east one case

Z_=d, +a Y (2.83a)

t 1 z t

Z =—a +a t+ay (2. 83h)
Inz» =a, +a, In¥Y (2.83c)

t 1 2. t

In Z a +a t+a Iny (2. 83d)

noa Y
Zic = a - ase 3 (2. 83e)

where again Z = cars in use per 1.000 persons

Y

i ncorme per capita

Table 2.12 gives a list of (groups of) countries and the specifications which
| ooked useful for each country or group of countries. China and the other
Asian Centrally Planned Econony Countries nust be treated separately, because
the current situation is not yet covered by sufficiént data.

- 59 -



- 2.55 -

Table 2.12 Specification chosen for the relation between
cars per 1QQ persons and income per capita.

nunber country (group) speci fication 1)
12 I cel and e
21 Por t ugal b
22 Q eece c
23 Tur key c
24 Yugosl avi a b
25 G her W Europe e
26- 32 USSR + E Eur ope a
33 Brazi | b
34 Argentina b
35 Mexi co c
36 QG her Latin Anerica c
39 I ndi a b
40- 43 Gher S Asia a
44 I ndonesi a d
45 Mal aysi a d
46 Phi | i ppi nes d
47 Thai | and d
48 Si ngapor e e
49 Hong Kong e
50- 52 Korea etc. d
53- 54 Gl prod. ME + NA c
55 Qher ME + NA b
56- 58 Gher Africa b

1) specification code a, b, c, d, erefer to equations
2.83a, b, c, d, e respectively.
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2.4 Projections of passenger cars in use

In Appendi X A scenarios G, & and G3 for ip have heen detailed and in section
2.3.3 scenarios for saturation levels SI, S2 and S3 were described. Together with
one scenario for popul ation projections, the basis has been laid for projections
of passenger cars in use. The energy aspect however - E-scenarios - still has
to be fitted in. The three GP growt h scenari os have al ready taken energy
aspects into account, in the sense that El does not allow for nmore growth than
A, or possibly G2, whilst E2 would allow for higher growth rates, i.e. & or
G3. The energy situation may al so affect the saturation |evel.

The nmain el enents of the passenger car market, which are influenced by the
energy situation are

- car ownership, and

- driving distance which possibly affects car life.

The common opinion is that to reduce (growh in) car ownership, energy

avail ability should becone extrenely limted. Most people will keep their
(aspirations for having a) car but drive less. Driving distance is el ement of
anot her paper and car life will be discussed in chapter 4. Besides, in sone
countries sone people nay switch to snaller cars.

The scenarios for GDP growth and saturation |evel can now be conbined vi a
assunptions about the E-scenarios. Although in theory, with G, E- and &
scenarios 3 x 2 x 3 = 18 conbinations all feasible, their interrelationship

makes sone of these conbinations practically inpossibie, as is shown in table 2. 13

Table 2.13 Relationship between G, E- and S scenari os.

scenari o saturation |evels scenari o comjinat,jon of

for Sl 2 3

gromth 4 E - - a a E Sl

in @ = E2 - or b (e El S

P &S - B2 B2 C (e B2 Y
d &3 E2 2
e G3 E2 S3

The first conbination: A, H and Sl is called the Standard scenario. Projections
for passenger cars per 1000 persons are presented in detail in Smt (1981).
In this paper, projections by broad regions are presented in table 2.14.
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Table 2.14  Projections of passenger cars per 1000 persons, by broad regi ons,

for 5 scenarios (see text).

scenari o 1985 1990

Nort h Anerica a 537.1 545.4

b 551.0 575.4

c 561.0 597.8

d 571.0 618.8

e 575.1 637.9

. Asi a, devel oped a 246.1 294.3
b 253.1 307.1

c 246.0 317.6

d 252.1 329.8

e 255.6 351.0

[, Qceani a, devel oped a. 446.4 501.8
b 456.4 537.2

c 456.0 547.7

d 465.2 578.9

e 466.9 594.6

IV. Nor t h- st Eur ope a 350.5 370.1
b 354.9 378.6

c 361.3 392.8

d 365.7 400.1

e 372.4 415.7

Sout h- st  Eur ope a 181.5 195.0

b 186.3 208.4

c 187.2 213.3

d 191.8 224.7

e 192.6 229.4

V. East ern Eur ope a 37.6 45.4
b 39.6 51.9

c 39.6 51.9

d 41.4 57.2

e 41.4 57.2

V. Latin Amrerica + a 49.8 58.8
Car i bbean b 53.6 71.2

c 53.6 71.2

d 57.2 82.4

e 57.2 82.4

I X Sout h Asi a a 2.3 2.8
b 2.4 3.1

c 2.4 3.1

d 2.4 3.3

e 2.4 3.3

_62 _

1995

562.2
592.9
630.4
644.0
682.2

315.7
319.3
346.8
349.1
378.6

553.4
594.2
629.4
655.4
694.3

382.1
393.4
412.2
421.8
442.1

205.3
223.8
232.5
247.9
255.7

55.1
68.0
68.0
78.7
78.7

71.1
97.5
97.5
123.1
123.1

Pahbho
omoo N

2000

572.5
598.6
643.7
649.7
696.4

319.5
320.0
349.9
350.0
380.0

584.9
614.7
665.5
676.3
725.3

389.9
403.8
426.3
438.1
462.4

211.0
235.4
245.0
268.4
276.8

o 0 O
© o0
A DMNO

105.0
105.0

85.2
132.8
132.8
183.6
183.6

oo oA
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Tabl e2«14, (cont.)

scenari o 1985 1990 1995 2000

X Sout h- East  + a 12.8 18.2 26.4 38.7
East Asia b 13.3 20.0 31.0 48.5

c 13.3 20.0 31.0 48.5

d 13.7 21.5 34.8 57.0

e 13.7 21.5 34.8 57.0

X . M ddl e East + a 36.0 39.1 42.9 46. 6
North Africa b 37.8 44. 5 53.1 62. 8

c 37.8 44.5 53.1 62.8

d 39.1 48. 7 61.7 77. 4

e 39.1 48. 7 61.7 77.4

XIl. CQher Africa a 13.2 14. 7 16.2 17.6
b 13. 4 15. 2 16.9 18. 7

c 13. 4 15. 2 16.9 18.7

d 13.5 15. 6 17.6 19. 6

e 13.5 15. 6 17.6 19. 6

It can be concluded that many devel oped countries will already be approachi ng
the saturation |evels by the year 2000. The effects of different (DP scenari o0s,
however, are very pronounced in those cases where saturation levels are not (yet)
about to be reached or where saturation levels are not yet relevant e.g. Eastern
Europe, Latin Arerica and the Mddl e East.

In order to obtain projections of passenger cars in use, projections of passenger
cars per 1000 persons are multiplied with population (in thousands) on a country
level. Results are summarized in table 2. 3.



Tabl e 2. 15-Proj ections of passenger cars in use hy broad regions,

VI

VI,

for 5 scenarios (see text)

North Anerica

Asi a, devel oped

Cceani a,
devel oped

Nor t h- Vst
Eur ope

Sout h- Vst
Eur ope

East er n Eur ope

Latin Anerica +
Car i bbean

scenari o

DO OT oD Do OT W OO T PO T D DO OT D DO T O

DO OT D

1985

138, 389
141, 971
144, 551
147, 115
148, 179

29, 709
30, 554
29, 698
30, 436
30, 859

8, 255
8, 440
8, 432
8, 603
8, 634

82, 466
83, 503
84, 988
86, 026
87, 606

35, 085
36, 016
36, 195
37,072
37, 237

14, 826
15, 619
15, 619
16, 347
16, 347

20,778
22,341
22,341
23, 829
23, 829

199Q

146, 377
154, 440
160, 441
166, 077
171, 196

36, 253
37,832
39, 133
40, 637
43, 246

9, 612
10, 290
10, 492
11, 090
11, 389

87,522
89, 530
92, 888
94, 608
98, 306

39, 927
42, 662
43, 666
46, 003
46, 962

18, 582
21,234
21,234
23,410
23,410

27,952
33,874
33,874
39, 208
39, 208

64

1995

155, 649
164, 142
174,528
178, 281
188, 867

39, 537
39, 983
43, 436
43, 717
47, 408

10, 895
11, 699
12, 392
12, 904
13, 670

90, 701
93, 392
97, 836
100, 115
104, 934

44, 362
48, 372
50, 256
53, 582
55, 258

23,234
28, 672
28,672
33,199
33,199

38, 380
52, 616
52, 616
66, 407
66, 407

20QD

162, 784
170, 216
183, 047
184, 757
198, 041

40, 646
40, 705
44, 506
44, 522
48, 337

11, 776
12, 376
13, 400
13, 617
14, 603

92, 698
96, 016
101, 349
104, 172
109, 934

47,842
53, 388
55, 554
60, 871
62, 759

28, 222
37, 537
37, 537
45, 598
45, 598

51, 787
80, 716
80, 716
111, 633
111, 633
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Table 2.15 (cont.)

IX SouthAsia

X Sout h- East +
East Asi a

Xl. Mddl e-East +
North Africa

Xil. GGher Africa

VWorl d, excl. Asian
Centrally P anned
Econom es

scenari o

DO T W OO T D D QA0 T OO T oW

OQ0O T

1985

2,253
2,349
2,349
2,437
2,437

4,721
4, 889
4, 889
5,042
5,042

6, 122
6, 428
6, 428
6, 656
6, 656

5, 668
5,752
5,752
5, 830
5, 830

348, 271
357, 862
361, 244
369, 394
372, 657

65

1990

3,051
3, 395
3,395
3,676
3,676

7,403
8, 140
8, 140
8, 747
8, 747

7,539
8, 589
8, 589
9, 406
9, 406

7,341
7,594
7,594
7,801
7,801

391, 558
417,578
429, 445
450, 663
463, 348

1995

4,074
4, 828
4, 828
5,454
5,454

11, 773
13,791
13, 791
15, 490
15, 490

9, 316
11,531
11,531
13, 388
13, 388

9, 439
9, 904
9, 904
10, 293
10, 293

437, 361
478, 929
499, 789
532, 829
554, 368

20QD

5, 264
6, 643
6, 643
7,834
7,834

18, 615
23, 290
23, 290
27,413
27,413

11, 251
15, 143
15, 143
18, 670
18, 670

11, 962
12, 678
12, 678
13, 301
13, 301

482, 845
548, 710
573, 863
632, 387
658, 122
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Chapter 3. THE COWERO AL VKH CLE MARKET; OCOMWERA AL VEH CLES | N USE

3.1 [Introduction

Wien devel opi ng nmodel s and subsequently setting up projections for rubber

demand, attention should be focussed on those factors concerni ng commerci a

vehi cl es whi ch deternine tire purchase and use. Tires are bought when

attached to a newvehicle or to replace worn-out tires. Thus, enphasis

nust be pl aced on:

- how many new vehicles are purchased in order to determne the nunber of
tires for original equipnent;

- how nany vehicl es have driven how nany kil ometres and when will their
tires be consi dered worn-out.

The concl usions fromthe remarks about the passenger car market in section

2.1 are as relevant for comrercial vehicles as they are for passenger cars.

Abrief revieww Il suffice

Anal yzing the vehicle market as a whol e for each country or regi on exani ned,
certain closely related statistics are rel evant:

- production of vehicles

- inventories of vehicles

- sales of vehicles

- newregistration of vehicles

- total registration of vehicles (vehicles in use)

- discards of vehicles

- international trade in vehicles

- trade in used vehicl es.

Smlarly to the case of passenger cars in section 2.1, one nay argue for

commer ci al vehi cl es t hat

- trade in used vehicles will not affect use of tires;

- international trade in comrercial vehicles can be omtted, as we focus
on tire usage in the country of registration;
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- for the sane reason, production of commercial vehicles per country is
not inportant;
- inventories of conmmercial vehicles need not be included, as the node
is along termone;
- data on newregistration are nore reliable than data on sales and will
therefore be used instead.
This brings us to the relation between the remaining variabl es: comerci a
vehicles in use, newregistrations and di scards. A newy registered vehicle
may be purchased for two reasons: either because a subject wants one
(nore) vehicle, not having one (or enough) or because it wants to repl ace
a vehicle it is already using. The first case requires an increase in the
"vehicl e park"; the second case requires that the old vehicle will be sold
to a subject wanting to use one (nore) vehicle or to replace one it
al ready uses. Replacenent (the second case) goes on until the |ast subject
inline only has the option of discarding (i.e. scrapping) its old vehicle or
adding one nore to its existing stock; the net result of the repl acenent
sequence nmust therefore be discards. If a vehicle is discarded w thout
bei ng repl aced, the nunber of vehicles in use will be reduced. The only
problemis international trade in used cars. This is rather mnor and does
not disturb the picture. Thus, new registration can be divided into increase
in the vehicle park and discards. This fact inplies that it is not
appropriate to explain new registration using a behavioural equation
because it consists of a mx of elenents with changing content. D scards can
be related to |lagged val ues of new registration.

3.2 Modeling conmercial vehicles in use

The nunber of studies on this subject is renarkably snaller than in the case of

are

passenger cars. The e reasons for this presumably | ess accessi bl e data
and nore conplex reality. The inportant variabl es are:
- comrercial vehicles in use: X
- road transport in ton-kilometer: X_
- average capacity of vehicles: X_
- average degree of capacity utilization: X
- average nil eage: X_
The relation between these given variables is:
X —X, XXX (3.1

So, ideally X should be explained by

- X9
I " Xo. X . Xe (3.2
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The main problemin enpiricizing this equation is the data base. Data on
the nunber of commercial vehicles in use (X,) are available
and are of reasonable quality, although sone nodifications had
to be introduced. Figures on road transport (X,) are available for only
a fewcountries (see table 3.1). Even nore difficult to obtain is reliable
information for nost countries on the variables X, X. and X.

3 4 5
Wth regard to | oading capacity (X ), some statistics for sone countries are
shown in table 3.2. Because of international transport by coamercial vehicles
(cv.) it is useful to calculate the average for these three countries on the
Eur opean continent; these do not show any significant systenmatic change
during 1963-1974. For the WUnited Kingdom data represent gross vehicle
weight (GV.W) instead of |oading capacity, as for the other countries. As
these data are not conpletely conparable to those of the other European
countries they must be treated separately. They show an increase up to 1970
and a decrease afterwards. However, the differences are not big and for the
vehicle park as a whole this will not have nuch effect. A consistent series
of figures for the United States over the period 1962-1974 was not avail abl e
,The figures for 1970-1974 are lower than the figures for 1962-1970, possibly
because buses have been excl uded; there appears to be no over-all trend.
Fi gures for Canada show a trend, but mxing this into United States figures
elimnates its significance.

For alnost all countries of the world, data on capacity utilization (X)
and average driving distance (X ) are too poor to permt any time series
analysis. In other cases they do not vary over time.

Al this neans that there is no proper basis for an anal ysis of the
relationship between commercial vehicles in use, X and road transport, X,.
Since the elements of the denomnator of relationship (3.2) do not seemto
fluctuate much over tine and their changes m ght even cancel out, these
vari abl es have not been used.

(nh the other hand, road transport is clearly related to the volune of over-al
production, in this case represented by GDP. Taking all these aspects into
account it has been decided to relate the nunber of vehicles in use directly
to GDP.



Table 3.1 Road transport in ton-kilonetre for sonme countries

USA W Ger nany France United Ki ngdom

Tot al Per CV. Tot al Per CV. Tot al Per CV. Tot al Per C

ton-km ton-km ton-km ton-km

(mll.) (ton-km (mll.) (ton-km (mll.) (ton-km (mll.) (ton
1963 541,047 39,451 28,700 32,800 37, 100 34, 448 57, 000 33, 27
1964 573,395 39,969 30,345 31,708 41, 698 36, 259 62, 954 35, 66
1965 578,061 38, 498 32,627 37,719 46, 857 38, 629 67, 000 37,40
1966 612,983 38,684 33,648 37,304 52, 486 41, 005 67, 800 38, 43
1967 625,212 37,820 33,878 37,980 53, 684 40, 003 70, 300 38, 58
1968 637,763 36, 758 37,800 41,584 55, 783 39, 367 71, 900 40, 66
1969 650,158 35, 626 39,900 42,222 64, 900 42,923 72, 800 41, 22
1970 663,032 34,665 41,900 41,816 66, 900 41, 424 83, 067 47,3
1971 691,999 34, 308 44,500 42,421 - - 85, 029 48, 39
1972 756,370 34,906 49,200 45,725 72,8009 39, 934 84, 000 47,13
1973 812,696 34, 468 55,900 50, 634 92, 000°! 46, 629 91, 610 49, 17
1974 796,603 31, 806 58,500 53,182 - - 90, 000 47, 26
1975 712,920 28,703 - - - - 86, 800 45, 42

Sources: United Nations, Annual Bulletin of Transport Statistics for Europe.
Mot or Vehi cl e Manuf acturers Associ ation, Mtor Vehicles Facts and Figures, 1975 and

Notes : a) Geat Britain.
b) Long di stance transport only.This refers to operations by vehicles authorized to c
to or frompoints nore than 50 kns from the place where the vehicle is normally
c) Excluding traffic by vehicles whose carrying capacity is less than 1 ton.

cv. = comercial vehicle.
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Table 3..2 Capacity of conmercia

1961
1962
1963
1964
1965
1966
. 1967
1968
1969
3.970
L1971
1972
1973
1974
1975

Sour ce:

(
Italy

1)

average
| oadi ng

capac[ty

Cv.
use

4.3
4.0
4.2
3.6
2.8
3.1
3.4
3.5
3.3
3.4
3.4
3.3
3.4
3.7

In

(2)

Italy-
aver age

| aden

wei ght

CV.
use

7.9
7.5
7.7
6.8
5.1
5.5
6.1
6.3
5.9
6.1
5.8
5.6
6.0
6.5

© ©O 0o oo o 0o 90 9o 9o oo

(3)
Italy-
ratio
(1)/
(2)

54
53
95
53
55
56

. 56

56
56
56
59
59
57
57

vehicl es

(4)

Franc

e-

aver age

| aden

wei ght

CV.
use

W w W www kP,
© ® ® m W O F O

W oW ow W
N M 01N

in

(intons)

(5)

W Ger ma-

ny

rage |aden

ave-

wei ght
cCv. in

use

4.8
4.8
4.9
5.2
5.5
5.8
5.6
5.6
5.8
6.3
6.6
6.1
6.4
7.4

(6)
Average
of France,
W Ger many
& Italy

(2) (4 (5)

e R
© o U oW U A O A

LN SN
o A~ O

Cal culated from World Mtor Vehicle Statistics and
Facts and Fi gures, Mdtor Vehicle Manufacturers Assi

CVv.

GV.W
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3.3 Historical devel opnents and nodel speclfjcation

Usage of commercial vehicles is distributed extrenely unevenly between
countries. Qbvious reasons for this phenonenon are size of thé econony
and | evel of econonie activity. Some information on ownership of commercia

vehicles is shown in table 3.3. Countries are listed as in table 2.1.

An imrediate feature coning forward fromthis table, is the pronounced role
the US A is playing in the world vehicle market, although its share is
declining fromabout 55 %in the early fifties to about 40 %in the late
seventies. The second country, as far as commercial vehicles ownership in
1975 is concerned, is Japan. Its developnent in the |ast decades to one of
the | eading industrial nations has been acconpani ed by a huge increase in
commerci al vehicle park. Gowh rates are 18.6 %annually in the 1950s and
20.2 %in the 1960s.

Most countries, however, show average growth rates between 1950 and 1975
ranging from 3.5 to 6 % Apart from Japan, countries with nmore than 6 %
growth in comercial vehicle park are France, Austria, npst Southern European
countries and nost devel oping countries. Countries with a |ower |evel of
gromh than 3.5 %are Sweden, the United Ki ngdom and Irel and

In 3.2 it was concluded that relationships should be specified between the
nunber of commercial vehicles in use and GDP. Scatter-diagrans, as shown in
figure 3.1 may illustrate this. Mdst of the countries show a rather straight-
forward rel ati onship between commercial vehicles in use and total GDP
The reaction to the oil crisis is very interesting. Three patterns can be
di sti ngui shed:
a) negative or lowgrowh in GDP and hardly any change in the pattern
of the number of commercial vehicles in use, cf. United States, Canada,
United Kingdom Switzerland, Italy and Spain;
b) hardly any growh, both in GDP and the nunber of conmmercial vehicles
in use, cf. Japan and France;
c) no change in pattern of devel opnent both in GDP and conmercial vehicles

in use, cf. Australia.



Table 3.3 Commer ci a
1 United States
2 Canada
3 Japan
4 Australia
5 New Zeal and
6 CGerroany, Fed. Rep. of
7 France
8 United Ki ngdom
9-10 Benel ux
11 Dennar k
12 I cel and
13 Sweden
14 Swi t zer | and
15 Irel and
16 Nor way
17 Fi nl and
18 Austria
19 Italy
20 Spai n
21 Por t uga
22 Greece
23 Tur key
24 Yugosl avi a
25 O her Western Europe
26- 32 Eastern Europe + USSR
33 Brazi |
34 Argentina
35 Mexi co
36 Qther Latin Anerica
37-38 Asia, Centrally Pl anned
39 I ndi a
40- 43 South Asia, excl. India
41 Paki st an
42 Sri Lanka
44 I ndonesi a
45 Mal aysi a
46 Phi | i ppi nes
47 Thai | and
48 Si ngapor e
49 Hong Kong
50 Korea, Rep. of
53 Iran
53-54 G | producing Arab.
55 Oher ME. + N Africa
56 Ni geri a
57 South Africa
56- 58 O her Africa
Note; a) Omn estimates.

vehi cl es in uae,

+ |sraé

.-(i" t housands

195Q

1,828

650
251

499
82

552
406

n.a

-72

230
61
86
40
27
52

33
a7

229
83
29
21
19

100
239
130
325

n. a.

113

n. a.

14
14
29
15
55

>
h =
AN W

Seo35>
PP PP

1955

10, 558
977
710
650
115

635
662
1, 208
252
103

108
54
42
85
55

121

367
102
40
27
41
13

n. a.

181
260
242
563

n. a.

157

n. a.

20
22
55
22
63
28
11

11
24

n. a.
n. a.
n. a.

146

n. a.

1960

12, 210
1,117
1,383

838
125

728
909
1,519
362
170
6
115
61
46
113
73
204

459
149
50
37
68
39
5

3,520

335
390
315
644

n. a.
246
176
30
31
92
34
75
50
15
10
19
44
152
2129
20

198

6759

a)

a)

1965 1970 1975
15,015 19,127 26,243
1,345 1,738 2, 54i
4. 298 8,740 10,315
874 972 1,200

159 182 206

865 1,002 1,341
1,213 1,615 2,134
1,791 1,754 1,911

482 573 647

244 257 239

6 6 7
141 159 171
93 141 179
51 53 58

132 152 147
88 111 137
299 408 446

666 930 1,140
387 741 1,040
89 132 193

73 117 211
101 160 271
67 122 179

7 11 13
4,220 5,270 6,150
517 696 1,063
571 755 874
389 589 888
898 n. a. n. a.
n. a. n. a. n. a.
376 414 434
2348 2843 3329
45 64 70
36 45 49
103 126 232
52 73 114
130 179 272
76 163 234
23 38 46
20 29 44
25 65 100
48 74 189
2508 4118 7119
2508 314®) 411
26 40 86
315 428 800
0753 1 434% 1 g36?)



36.

Figure 3.1 Scatterdiagrans bgt\/\een comrercial vehicles (cv., * 10 ) and
incone (@P, * 10 in 1975 prices, in 1975 U. S. $.
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3.4 Model specification, paraneter estinmation and commercial vehicle

proj ecti ons.

In section 3.2 it has been concluded that the nunber of commercial vehicles
inuse may be related to GDP. It is clear that fluctuations in GP w |l not
imedi ately affect the nunber of conmercial vehicles, but will to a large
extent influence the degree of capacity utilization and average mleage. Oly
in the subsequent years adjustment to nore appropriate |evels of comrercial
vehi cl e ownershi p nmay occur

A nmodel which has these characteristics is the partial adjustnment nodel.
It is based on the assunption that at a given level of GDP, Y , there is a
desirable |level of coomercial vehicles inuse Z* . Adjustnent to this

desirable level is not immediately realized; the fraction is Y- The node
now i s described as

Zt) noa + a;

0 Yi (3.3)

Zt n VI =Y (z% n Vll + Ut (3_4)

Substitution of the unknown Z from (3.3) into (3.4) gives

Zg =aqgY+a YY + (1.Y) Zp _q + U (3,5a)

For one country, amltiplicative approach to (3.3) and (3,4) proved
nore useful, resulting in

InZ =ay+ajYlny +(1-Y) InZ + Use (3.5b)

In sone cases it was not possible to include y? !e This leaves us with

Zt:ao+a| Yt +Ut (3_5C)
or
InZ, = ag + ax In Yic + U (3. 5d)

For a few countries, a linear trend (+ c*t) has been sunnlenmented. A review of
the nmodel specification per country or group of countries is given in table 3.3
Estination results for nost countries are based on the period 1950-1974, thus
avoi ding conplications due to the oil crisis.

- 75 -
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Table 3.3 Specification and paraneter estimates of equation 3.5 per region

Uhited Sates
Canada

Japan
Australia
New Zeal and
Germany, F.R
Fr ance

Uni t ed Ki ngdom
Benel ux
Denmar k

| cel and
Sweden
Switzerl and
Irel and

Nor way

Fi nl and
Austria

Italy

Spai n

: Portugal

Q eece

Tur key

Yugosl avi a

Q her W Europe
E. Europe

Brazi |
Argentina

Mexi co

. Gher Latin Arerica

I ndi a
Gher S Asia
E. + SE Asia

Speci fication

code

ME. + N Africa, oil

code a, b, c, d refer to equati

Z =41,25 (Y - 37.13)

. ME + NAfrica, others
. Gher Africa

O Y YD®OTO

O00O0ODVY DDOOLDODO OO

0. 5938

Par anet er esti mates

1
0. 3217
1
0. 3299
0. 3442
0. 6031
0. 4650
1

N
~
~
~

. 3920
. 3255
. 3309
. 6014

COrPOOROROROROOOOD
W
o
oo
O

PRPRPRPRRRLOO

3.5a, b, c, d
no nodel fromthis famly coul.d be appliedf the
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0. 3143
26. 638
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Regarding the specification of thé above model, ai|fewquestions may be raised.
First, the assumed reversibility or even symmetry in equation (3.4): yis
supposed not to be affected by a desired increase or decrease in Z conpared
to Z . One m ght, however, argue that a decrease inY will not cause Z

to decrease conparably: response may be slower. Inthis respect it is rather
unfortunate that the number of years for which this m ght be tested isto

small to allow for this kind of analysis.

More el aborate anal yses have been tried. Inparticular for the USA and Japan
results inTable 3.3 seemrather meagre. As a more general specification

(3.6) may be a starting point

(1 - p Ll Zsc« <xo+ 0x (1- P,D Y, (3.6)
where L = | ag operator. Estimation of therewitten equation (3.6)
2t =90"q \ *2 Vvl *a v Y% (31

for the period 1951-1978 gives for the Lhited States + Canada, using
ordinary |east squares (Q.9

Z =- 784.8+ 4.454Y - 4212 Y + 1.069 Z (3.8)
(1. 051) (1.117) (0. 0240)

R2 = 1.000, DW= 0.85

or,assumng first order autocorrelation in u and using generalized
| east squares (A9

Z =-847.4+5453Y - 5001Y + 1055 Z (3.9)
(0. 890) (0. 960) (0. 026)

R2 = 1.000, bw= 1.57

with Standard errors in brackets.

Thus, for (3.6) p; equals 1.07 or 1.06 and p = ""2 and thus p_ equal s

0.95 or 0.92 respectively for the two estimation methods as represented in

(3.7) and (3.8). Both p and p are not significantly different fromunity.

An alternative specification as presented above in (3.5a) gives for 1951-1978
using .S

Z =-928.2 +0.7511 Y + 1.0498 Z (3. 10)
(1.4672)  (0.0245)

R2 = 0.999, DW= 1.72



The point estimate of y is negative, which is in contradiction to the

assunption

For Japan,

(3.9) are

«

under | yi ng t he nodel .
sinlar conclusions can be drawn. The anal ogues of (3.8) and
86.27Q + 20.79 Y - 20.61Y +0.9820 zZ (3.11)
(4.9101 (5.451) (0.1057)
R* = 0.997, DN= 1.02
63.38 + 15.66 Y - 14.27 Y + 0.9440 Z (3.12)
(4.6471 * (4.587) (0. 1248)

R?> - 0.996, DW= 1.78

and,thus, p, equals Q98 or Q94 and p, equals 0.99 or 0.91, all of which
are not significantly different fromunity. The anal ogue of (3.10) is

Z =258.4+ Q5908 Y + 1.0Q43Z (3.13)

(3.3280)  (0.1373)

2
R = 0.994, DW= 0.61

whi ch, again, is not useful.

Another matter which may be raised, is the aspect of saturation of the

comrercial vehicle market, in particular in devel oped countries. It seens

very hard,

e would expect for devel oped countries a declining incone elasticity
for commercial vehicles for the projection period. Table 3.5 shows that, indeed,
for devel oped countries with an income elasticity greater than unity, the
incone elasticity is projected to decline.

- 78 -
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if not inpossible, to do a sinlar analysis as for passenger cars.



Table 3.5 Estimated conmpound gréwth rates and el

V.

V.

A
VIT.

I X
X

Xl .

X1,

vehi cl é proj éctions

North Anerica
Asi a,
devel oped

Cceani a,
devel oped

Nor t h- Vést
Eur ope

Sout h- Vst
Eur ope

East ern Europe

Latin Arerica +
Cari bbean

Sout h Asi a

Sout h East +
East Asi a

M ddl e East +
North Africa

Gher Africa

Esti mat ed conpound growth rates (%

Conmer ci a

vehi cl es

€] &

85-90 95-00
2.12 4,23
5.19 6.91
1. 67 4,33
2.20 4.20
2.34 4.65
2.43 3.33
3.64 6.14
4.91 7.15
6. 60 8.52
7.26 8.19
2.52 4. 69

@P

d
85-90

1.6

4.5

3.3

2.9

2.5
4.0

4.6
5.5

6.3

4.0
1.8

G3

95-00

3.6

6.5

53

5.0

4.6
6.1

6.9
7.5

8.4

6.2
3.9

asticities for comrercial

Hasticities

d
85-90

1.33

1.15

0.51

0.76

0.94
0.61

0.79
0.89

1.05

1.82
1. 40

&S
95- 00

1.18

1.06

0.81

0.84

1.01
0.55

0.89
0.95

0.98

1.32
1.20

3.14

Further, one nmight argue that e.g. Western Europe shoul d be aggregated in the

anal ysi s because of international

transport. This has been tried, but the

resulting aggregate data are too snmooth to allow for appropriate nodel ling.

-475.4 + 5,899 Y

(0.062) !

QLS gi ves
7 =
but
AZ

whi |l e the anal ogues of (3.7),

= 229.3 + 1.54Q AY

(32.31 (0.595)

R

(3

Q 997, DW= 0.78

0.211, DW= 1.47
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(3. 14)

(3. 15)

8) and (3.9) do not yield proper results.
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The last topic to be touchsd upon is the oil crisis,

In his master thesis, Hul s (1980} tests structural changes in the relationship

bet ween commerci al vehicles in use and GP since 1974. He concludes that for a few
countries only changes are significant. However, the nunber of observations
israther linmted. Apart fromadjustments in the constant termto cope with

possi bl e changes, we shall not change the structural parameters. A najor part of
the long run effects of the energy crisis will affect ownership of conmercial

vehi cl es through devel opnents in GDP.

For projections, simlar to the case of passenger cars, calculations are based
on the scenarios for (OP as have been drawn up in Appendi x A, without separately
paying attention to energy aspects for the reasons mentioned above. Projection
results for the three econome scenarios are sumarized for broad regions in
table 3. 4.
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Table 3.4 Projectians of commercial yehicles in use (inthousands), for
3 econom e scenari 0s.

scenari o 1985 1990 1995 2000

North Aneri ca 36, 344 40, 354 44,716 47, 968
39, 261 47, 757 57,711 67, 390
41, 298 53, 233 67, 891 83, 524
I1. Asia, devel oped 17, 866 23,004 29, 407 36, 430
18, 785 26, 155 36, 017 47, 996
19, 628 28, 739 41, 517 57, 995
I1l1. Cceani a, devel oped 1, 770 1,923 2,114 2,309
1, 810 2,082 2,453 2, 886
1, 847 2,214 2,735 3, 380
V. North-Vest Europe 8,871 9, 893 11, 099 12, 264
9,174 10, 861 13, 002 15, 356
9, 433 11, 646 14, 568 18, 004
V. Sout h- Wést Eur ope 4,325 4, 855 5, 482 6, 083
4, 493 5,416 6, 595 . 7,887
4, 645 5, 881 7,522 9, 443
VI. Eastern Europe 8, 389 9, 459 10, 635 11, 851
8, 484 9, 777 11, 287 12, 969
8,571 10, 038 11, 830 13, 936

Vil. Latin America +
Cari bbean

6,191 7,403 8, 975 10, 797
6, 372 8, 082 10, 466 13, 469
6, 533 8, 644 11, 702 15, 760
X South Asia 1,473 1,872 2,395 3, 009
1,530 2,078 2, 846 3, 837
1, 583 2,247 3,222 4, 551

X Sout h East +
East Asia

2, 465 3,393 4, 662 6, 245
2,577 3,811 5, 617 8,073
2,679 4,152 6, 410 9, 647

XI. Mddl e East +
North Africa

2, 865 4, 068 5, 620 7,408
3, 055 4,737 7,059 9, 998
3,219 5,272 8, 240 12, 214
XiI. Gher Africa 2,239 2,536 2,870 3,144
2, 386 2,978 3, 685 4, 399
2,521 3,342 4, 366 5,490

Worl d, excl. Asian
Centrally Pl anned
Econom es

92,798 108,759 127,975 147,506
97,925 123,734 156,738 194, 260
101,956 135,408 180,003 233,944

BRA QR QR WKL QR BRL WKL B8R QR KR KYR¥L gRa
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CHAPTER 4. DI SCARDS AND NEW REQ STRATI ONS

4,1 Introduction

In the introduction in chapter 1, it was stated that, for the purpose of
deriving projections of rubber denmand, it is necessary to anal yze the
vehi cl e market, both for passenger cars and commercial vehicles. In the
introductions to chapters 2 and 3, the role of aspects of the vehicle
nmarket in determning tire denand and thus part of rubber demand has been
el abor at ed upon.

It has been concluded that it is necessary to know and nmake projections of
the nunber of vehicles in use. These are the determnants for the nunbers
of tires required for replacement of worn-out tires. Next to this, one
needs to know the nunber of new vehicles comng into use because this is
where tires for original equipnent come to the fore. These newvehi cl es,
bei ng represented by new registrations, may function as repl acenent of
vehi cl es or extension of the vehicles park.

Wil e extension of the vehicle park has been discussed in chapters 2 and 3,
inthis chapter, enphasis will be on discards and new registration of
vehicles. First, sone remarks will be made about nodels in this area,

devel oped by other authors (section 4.2). Afterwards, our own nodel will

be devel oped and projections will be presented.

4.2 D scards and new registration of passenger cars, sone existing nodel s

Virtually all nodel s about the vehicle narket describe the case of passenger
cars. Specification of equations for replacenent is a subject which has been
dealt with in nany different ways. In this section we shall first discuss
sonme of the approaches applied in other studies.

Probably the nost sinple approach is to assune that replacenent is a fixed
percent age of existing stock of durable consumer goods or in our case,
passenger cars. This is the nmethod, used e.g. by Chow (1957). In Chow s
study it is mxed with the nethod of counting an old car only partially

in determning total stock. Sone refinenent is introduced by Stone and

Rowe (1957, 1958).They assune repl acement to equal a certain percentage

of the opening stock of a certain period plus an equal or sraller proportion
of purchases during that period.
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Thi s approach, also applied by OHerlihy (1965), may be cailed the method

of reducing (or radioactive) depreciation. Basically, replacerment is related
to past sal es where depreciation of an n year old car with a depreciation
rate of d equals (1-d) . This resenbles a distributed lag schene wth
geonetrically declining weights. As was pointed out by Smith (1975) , this
type of dynanmic nodel tends to provide very rapid depreciation. This resulted
from such studi es as done by Chow (1957), WIlians (1971) and O Herlihy
(1965). Besides this kind of nodel cannot allow for waves of repl acenent
generated by fluctuations in purchase.

Alternatively, one may use the scrappi ng or "sudden deat h" approach. A very
sinple exanple is the method used by Brens (1956), where scrapping in year t
equal s purchases in year t-L (L= average life of a car). A refinenent is

to provide a distribution in the lag and to apply distributed |ags and/ or
nortality curves. Sone of the studies along these lines will be presented first.
One of the first studies, back in the 1930s, is the study by De Wl ff (1938).
The anal ysis is based on data about percentages of cars still in use after

n years. Thus, the expected nunber of discarded cars may be cal cul ated. The

di fference between actual and cal cul ated scrappage was expl ai ned usi ng

busi ness cycle indicators e.g. non workers' incone. It is interesting to

note that average life was estinated at about 7.5 years based on the sanpl e
period 19. 21- 1934,

Sudies for the Netherlands on |ife, scrappage, sales and stock of cars were done
by Gramer (1966, 1968), for the period 1950-1964. A nortality table is used; average
life is about 11 years. Application of nortality tables to scrappage of cars
for the USA was done by VWl ker (1968). A nortality curve on the basis of the
nortality table closely resenbles a logistic curve. Paraneters of the logistic
curve fitting tonortality data are estimated and theoretical scrappage is

cal cul ated. D screpanci es between actual and theoretical scrappage is

explained by newregistration, relative car prices and total stock. The
latter part nmay not be too obvious. In a study on several car types, nmakes

and nodel in the USA, Wkoff (1970) concludes that a constant rate of
depreciation with age for autonobiles is not appropriate; this nmay support

the logistic curve, rather than the exponential curve. However, he derives,

we nay have doubts about the assunption of no shifts in the nortality curve

for different vintages of cars. New cars last |onger or shorter, owng to
technol ogi cal inprovenents, changes in driving habits and di stance, safety

regul ati ons etc. However, in a study conparing nmany countries, Jacobsson

(1973) draws as concl usion, the absence of changes in scrapping profiles

in the 1960s.
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Sone refinenents about repl acenent behavi our in the USA have been i ntroduced
by Smth (1975). For the USA, it was calculated that only 0.7 %of new car
buyers scrapped the par they repl aced. Besides,the group of new car buyers
does not vary very much. It can therefore be concluded that the elasticity
of substitution between the new and used car narkets is not too high.
However, it is beyond the scope of our study to include the used car narket
into the nodel . W expect not to introducé too big an error, particularly
because the tinming of replacenment by new car buyers will be affected by
price differentials between new car price and trade in or selling price

of the car to be replaced. The elasticity of substitution nay be a bit |ow,
but the effect of |ow second hand car prices (induced by recession etc.)
may be a lengthening of car life in general and postponi ng of new car

repl acenent in particul ar, thus reduci ng new car sal es.

4.3 Newregistrations and di scards of passenger cars, a review of sone studies
based on the distributed |ag approach

For the purpose of this study, it is clear that an approach follow ng the |ines
of anortality table |ooks nmost promsing. Unfortunately, accurate nortality
tables are available for a fewcountries only. And in those cases one often
encounters data on vehicles in use by nodel year rather than by year of
registration. As many cars of a certain nodel year are sold and registered
inthe followi ng year or even one year later (possibly up to 30-40 %), usage

of these kinds of tables introduces considerabl e i naccuraci es.

Basical |y the nodel which is used consists of the follow ng equations
G =AZ +H (4.1)
H=f (G ), ke{0l,2,...k™ (4.2

where G = new registrations

Z =total registrations = total nunber of cars in use
(assuned to be predeterm ned)

H[ = di scards = deregistration.

Total registrations have been derived in chapter 2 by multiplying passenger
cars in use and population. In this section, we focuss on discards H and
thus on equation (4.2). Afterwards, new registrations G nay be cal cul at ed
using (4.1).

84 -
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The nost inportant reason for a car to be discarded is its age. However, life
of acar will be different for each car. Using United States tine series data
on vehicles constructed in a particul ar year, and cal uclating the share of
these vehicles still in use after k years, the pattern roughly is as plotted
infigure 4.1. This neans that during sone years (where k is snall) the

share hardly decreases. Qver tine the share decreases nore and nore rapidly,
so that the probability of a particular vehicle being discarded increases
nore and nore until the point of inflextion (in figure 4.2) is reached at

age k . After this point the rate of decrease in share declines so that the
probability of discarding declines also. The probability for this time

series is show in figure 4.2. The coefficients of the distributed |ag schene,
therefore, should follow this pattern.



Share of vehicles
still in use [
k years after
construction

Figure 4.1

Probability
of discards
of vehicles

Figure 4.2

«V

k*
car age (k)

Mortality curve for
passenger cars

k* car age (k)

Probability distribution of
figure 4.x
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4.3.1 A non distributed |ags

A distributed |ag scheme which might be applied is Al nmons distributed |ag
approach. The distributed lag coefficients 3, in

Pt =3%0C% * h M *8%2G%-2*% te* 8 VK * 'ee Yt (4+3)

after introduction of the disturbance u are supposed to result froma

i ax
polynomal ink, with degree r. Now k and r nust be chosen optinally.
This assunption is based on the fact that any curve can be approxi mated by

a polynomal function of degree r.

Thi s approach has been applied by us to data for the United States (1958-1978)
inan earlier study. W have arrived at the conclusion that the inclusion of

G for k e (0,1,...,4) yields unplausabl e poor estinates presunably because

fck

nmax
of cyclial nmovenents in G and H . Reasonable results were obtained for k =
19, andr = 3 or r = 4. Distributed lag coefficients and sonme statistics are

presented in colums (1) and (2) of Table 4.1. After introduction first order
aut or egressi ve di sturbances, again reasonable results are obtained for k =
and r = 3 or r =4: cf. colums (3) and (4) of Table 4.1.

Review ng these results it nay be concluded that for the first two cases the
sumof lag coefficients is rather different from1 be it not significantly.
This is due to a nunber of factors: as no constant term has been i ncl uded,
the sumof residuals is about 1.900 whi ch neans an average of about 110 or

2 %of average H . Further, DWis very lowand results nay be influenced

by the extrenely |ow values of discards in 1974-1976.

After introduction of first order autocorrelation in the nodel, results

i nprove consi der abl y: R2 is much better; the sumof |lag coefficients is
pretty close to unity and the sumof residual s has decreased dranatically.
However, a nean lag of over 13 years seens a bit too hi gh; besides
discarding only starting after a car is 7 years old as suggested by the
enpirical results in colum 4 of table 4.1 is irrealistic as well.
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Table 4.1 Estimated Alnon distributed |ag coefficients

Dstributed lag coefficients and other statistics

(1) (2 (3 (4)
lag k =5 0. 0310 0.0133 0. 0083 -0. 0137
6 0. 0550 0. 0328 0. 0190 -0. 0093
7 0. 0726 0. 0548 0. 0314 0. 0073
8 0. 0844 0. 0759 0. 0447 0. 0309
9 0. 0911 0. 0935 0. 0581 0. 0570
10 0. 0933 0. 1057 0. 0709 0. 0821
11 0. 0915 0.1114 0. 0824 0.1031
12 0. 0864 0. 1099 0. 0918 0.1179
13 0. 0787 0.1014 0. 0982 0. 1252
14 0. 0688 0. 0868 0.1011 0.1241
15 0. 0574 0. 0674 0. 0996 0.1148
16 0. 0452 0. 0455 0. 0930 0. 0981
17 0. 0328 0. 0239 0. 0804 0. 0755
18 0. 0207 0. 0062 0. 0613 0. 0495
19 0. 0095 -0.0034 0. 0347 0. 0231
R? 0. 544 0. 554 0. 704 0. 708
sum of residuals 1902. 2 1873.9 446. 7 443.0
average H 5634. 0 5634. 0 5760. 9 5760. 9
DW 0. 56 0. 58 2.34 2.35
mean | ag 11.0 11.3 13.1 13.5
sum of | ag
coefficients 0.9183 0. 9251 0.9748 0. 9854
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4.3.2 Distributed lag coefficients follow ng probability density functions

A maj or objection arising fromA nons approach in section 4.3.1 was the di s-
crepancy between the sumof the lag coefficients and unity. Besides, since
lag coefficients based on Al nons approach are not necessarily greater than
zero, there is a tendency for these coefficients to be less than zero for k
equal s val ues around 3. This nmeans a rather steep increase in the val ue of
the coefficients for |owvalues of k with k > 4.

An alternative way of dealing with the shape of the lag distribution, which
mght elinnate the above objections, is to assune that the lag coefficients
follow the pattern of probability density functions. Kroon (1981) has studied
this subject in his masters thesis. He applied the norrmal distribution, the
Pascal distribution and the gamma di stribution.

The nornal distribution can only be applied in case of a large sanpl e size,
particularly for newregistrations. In view of data availability, Kroon used the
normal distribution for the hited States only, whereas the Pascal distribution
and the gamma distributionwere tested for Germany (F.R), Sweden and Italy

as wel .

Referring to the nodel explaining discards (H) fromlagged val ues of new
registrations (G) in (4.3)

H =eqG +9, G_1+62G_> + ... + Bc Gex+ ... Uy (4.3

the lag coefficients 3, are first supposed to follow the nornal distribution
I

°%k=79S exp (-= ) ke{0,12...} (4.4)
2a
with average y and standarddeviation a.
The assunption of k being non-negative and less than a certain k because of
availability of data inplies that the nornmal distribution is truncated. The
average lag y therefore does not necessarily equal the average y of the
normal distribution. Thus

y = E B K (4.5)
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Maxi m zing the loglikelihood function of (4.3) using the search procedure
of Hooke and Jeeves, Kroon derives for the USAthe results as presented
intable 4.2, using data 6n discards for 1958-1978 and new regi strations
for 1940-1978. Results in colum (2) of Table 4.2 refer tot he case, where,
contrary to colum (1), first autocorrelation is assuned inu in (4.3):

4 PV * VvV

Table 4.2 Estimation results of (4.3) using normally distributed | ag
coefficients for the USA.

(1) (2)
12.56 12.17
3.51 4.70
: 0.741
DW 0.60 2.30
R? 0.68 0.65
i 12.56 12.20

y

Average life of passenger cars (u . 1 as estimated above may be slightly
at the high side.

The advantage of the Pascal distribution is that it is not necessarily
symmetrie. The coefficients of (4.3) are now defined as

3 - (P+an) Xk (46)

K k
where P indicates the order of the Pascal distribution (P€ {1,2,...}) and
A is aparaneter. Estimation results, using the same method as for t he nornmal
distribution, for the USAare presented inTable 4.3 . Both with and wi t hout
first order autocorrelation (colums (1) and (2) respectively) P = 2 proved
to be optimal. Results for other values of P have not been reproduced here.

Table 4.3 Estimation results of (4.3) using Pascal-2 distribution for the USA

(1L (2)

0.864 0.861

- 0.750
DW 0.51 2.15
R_2 0.61 0.61
" 1250 12.24

The normal distribution (Table 4.2) provides slightly higher |evels of R2.

90
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Because of the availability of data on new registrations for Germany (F.R),
Sweden and Italy, Kroon has al so applied the Pascal distribution, truncating
the distributed lag for these countries as well as for the USA. Results are

summari zed below in Table 4.4. Some conclusions can be drawn fromthis study:
2

- except for Germany, higher levels of P are acconpanied with higher R ;

- high orders of the Pascal distribution, high levels of P are nore difficult
to handle in the estimation procedure: |oss of degrees of freedom because
of the increasing nunber of starting conditions to be estimated and hi gher
levels of multicollinearity;

- it isvery difficult to select the optinmal results;

- nost of the estinates of average car life seemto be highly irrealistic.

Table 4.4 Estimation results of (4.3) using truncated Pascal distribution

of order P.

P =
usa® R () 08l 08 08 c ¢)
. (@ 081 081 08 o o)
() 35.04 2478 1515 O 0)
(2) 25.03 21.59 14.78 ¢ o)
usa®) R () 08l 08 08 08 093

() 0581 081 086 089 0.93
() 35.04 2452 1532 12.36 9.87

(2) 25.03 21.59 14.87 12.36 9.87

) 'R (1) 095 095 095 095 0.95
@) 095 095 095 095 0.95

() 11.33 32.29 1515 13.73 15.35

(2) 11.33 29.97 1532 14.31 15.35

Germany, F.R

Sweden”) R (1 072 073 078 084 0.87
) 072 073 0.78 0.84 0.87
() 13.04 11.15 912 7.41 6.45
() 1315 11.56 9.25 7.32 6.22
b)

Italy' R (1) 079 0.80 0.80 0.81 0.82
() 079 0.80 0.80 0.81 0.82
(1) 22.39 3530 19.53 16.28 12.99

(2) 22.39 2557 19.53 16.19 12.87

Notes: (1) without first order autocorrelation inu
(2) with first order autocorrelation iny

a) new regi strations G for 1940-1978, discards H for 1958-1978

b) new regi strations G and discards H for 1958-1978
t t
c) the matrix of explanatory variables is singular.

- o1 -
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Pinally, Kroon tries the gamma distribution which also has t he advantage of being
determ ned by two paraneters, which are not necessarily integer. The f5 of
(4.3) may nowbe defined as

6k_ (k+ 1)&/(1!!&) * K (47)

Sonme estimation results aregiven inTable 4.5 .

Table 4.5 Estimation results of (4.3) using the gamma distribution

R? P

(1) (2) (1) (2)
USA% 0.67 0.64 12.73 12.47
USA®) 0.80 0.79 13.60 13.59
USA® 0.82 0.81 24.24 27.57
Germany, F.R c) 0.95 0.95 11.89 11.84
Sweden®) 0.74 0.74 31.33 31.30
ltaly® 0.80 0.80 21.65 21.81

Notes: (1) without first order autocorrelation iny
(2) with first order autocorrelation iny
a) no truncation applied, G for 1940-1978, H for 1958-1978
b) truncation termapplied, G for 1940-1978, H for 1958-1978
c) truncation termapplied, G for 1958-1978, H for 1958-1978

It may concluded that cutting the G series to 1958-1978 and applying t he
truncation term (note ¢), gives highly irrealistic values of y for the USA,

ah

Sweden and Italy, while y . for Germany i s on the high side. The sane hol ds
true for USA and USA

In his concluding chapter Kroon states that the Pascal and t he gamma distribution
with a truncation termin general de?not provide good results. Not applying

a truncation termgives reasonable results for the USA using Pascal -2. However,
in the case of the USA, the normal distribution provides even better results,

as was presented in Table 4.2. Finally, Kroon concludes that for all nodels
applied, estimated discards nowhere exceed actual discards inthefirst part

of the sanple period, whereas the reverse holds true for the second part.
Therefore y88 isttoeghigh inthefirst part andtoolowin the second part of

the sanpl e peri od.
nple p 92 -
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4.3.3 Distributed |ags, using probability distribution (1960-1973)

In an earlier study, ESCAP (1978), we have anal yzed average car life for the
USA for the sanple period 1960-1973, which roughly coincides with the first
hal f of the sanple period which Kroon has used. Three types of probability

distributions were selected, with average y and Standard deviation a.

a. Poisson distribution

-X k

where y=X and a = X

b. Logistic distribution

*<A B) = _{U)/B (4_9)
1+ e
where y = A and o = Bir
vT
(k-A)/B
so B (AB =-—2 (4.10)
k

B(| +e" (koA /By?2

c. Normal distribution

2

e(V,a) =-rL- e" - - (4.11)
2a

Now criteria have to be established to choose anbng probability distributions
and to estinmate y and a. Generally speaking, expected discarding H should

give a good fit to actual discarding H . This has been quantified in two ways:

1. Mnimzec = Z (H - H)
oL t t (4.12)

2. Mnimze c, Z("t/H - 1) 2 (4.13)

This latter criterion is based on the assunption that the ratios of H

and H should roughly equal 1.
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a) Poi sson distribution
Two parameters are inportant: X and a "shift" parameter x, as indicated in

Figure 4.1, allowing for a "start" of the distribution function outside the

origin.

lag k

Figure 4.1: The Poisson distribution with shift parameter x

The results for the USA based on data on discards for 1960-1973, are given
in Table 4.6. The values of the two criteria are presented for a shift x of
the Poisson distribution function (4.8) and the correspondi ng optimal val ue
of A The figures inthe colum "ratio" refer to the average of H/H.

Table 4.6 Estimation results of (4.3) for the USA using the Poi sson
di stribution.

Oiterion 1 Oiterion 2
X ¢.XIQ% ratio ratio
5 5.4 1.479 1. 006 5.2 0.0041 0.997
6 4.6 1.421 1.014 4.4 0.0039 1.004
7 3.6 1.383 1. 010 3.4 0.0037 1.001
8 2.6 1.441  1.006 2.6 0.0038 1.006
9 1.6 1.837 1.002 1.6 0.0048 1.002
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The optimal result according to criterion 1 isx - 7, A 3.6 and c =
1.383 * 106. So average life is 10.6 years, and o = 3.6 years.

Note that for other values of x, optinmal values of X are such that average
life does not change much. The average ratio of H/H equals 1.010. This is
rat her good. The goodness of fit nay be expressed as R2 = 0.857. For
criterion 2 the optimal result isx =7, A= 3.4 and ¢ = 0.0037. The ratio

roughly equal s unity.

b. Logistic distribution

In this case y and a nust be determined separately. It proved to be easier
to assume proportionality between a and y and to determne the optinmal rate
of proportionality using the grid method.

Defining a proportionality rate r, with B=rA and a- — = 1.814 ry,
estimation results are given in "table 4.7 for various values of r

Table 4.7 Estimation results of (4.3) for the USA, us.ing the |ogistic

di stribution

Criterion 1 Criterion 2
r A=y c,*io-° ratio Ay cy ratio
0.08 11. 4 1. 653 0. 998 11.4 0.0043 0. 998
0.10 11. 4 "1.431 1. 002 11.2 0.0038 0. 993
0.12 11. 4 1. 363 1. 007 11.2 0. 0036 0. 997
0.14 11. 2 1.392 1. 001 11.2 0.0037 1. 001
0.16 11. 2 1. 450 1. 006 11.0 0.0037 0. 996

The optinma for the two criteria are:

-criterion. 1: r = 0.12, A= 11.4,0 = 2.48, ~ = 1.363 X 10° R? = 0.859 the average
of F&WHC equal s 1.007
-criterion,2: r = 0.12, A= 11.2,0 = 2.43, ¢ = 0.0036, the average of

H /H equals 0.997.

c. Normal distribution
The approach to estimating o and y runs parallel to the case of the logistic
di stribution. Assuning again o =r y, estimation results are obtained as

shown in table 4.8.
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Table 4.8 Estinmation Kesults of 4.3 for. the USA, using the nornal

distributipn
Qiterion 1 Citerion 2
r A=y cqt 10~6 ratio A=u Cy ratio
0.18 11. 4 1.528 1. 003 11.4 0.0041 1. 003
0.20 11. 4 1. 508 1. 006 11.2 0.0041 0. 996
0.22 11. 4 1. 499 1. 009 11.2 0.0041 0. 998
0.24 11.4 «1.518 1.011 11.2 0.0041 1. 001
0.26 11.2 1. 547 1. 003 11.0 0. 0041 0. 993

The optina are:
- criterion 11 r = 0.22, A 11.4, 0= 2.55 ¢ =1.499 * 10 , the average of
H/H. equals 1.Q®

- criterion 2 r =0.24, A 11.2, 0o- 2.69, ¢ = 0.0041, the average of
H H equals 1. Q.

Kroon(1981), has done a simlar analysis as reported upon above in Table 4.2
for the years 1958-1973. Results then inprove considerably conpared to table 4.2
as can be seen fromtable 4.9 bel ow

Table 4.9 Estinmation results by Kroon for the USA, using the nornal
distribution

(9. (2)
l 11. 48 11. 39
0 3.93 4.44
P - Q539
DW 0. 99 2.11
R 0. 903 Q901
Jit 11. 50 11. 43

In order to further assess the results tables 4.10 show the estinmated opti nal
coefficients for the three types based on criterion 1. Rounding errors cause
their suns not to equal unity. It is clear that the normal and the | ogistic
approach are rather good. It is hard to distinguish between the two. The val ue
of the sumof the coefficients is in favour of the normal probability function.

- 06 -
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In order to further assess the results, tables 4.11, 4.12 and 4.13 give the

actual figures on discards (H) as well as the estimated discards H , the
t t

differences (H - H) and the ratio's (H/H) for both criteria. It is clear
fromthese tables that there are systematic patterns in the differences between
actual data and estinates. Wiile cyclical patterns in estinated discards nmay be
caused by simlar in newregistrations in the past, another reason for cyclica
devel opnents in actual figures on discards may be changes in average life over
tinme. This was al so concluded by Kroon. It can be concluded fromthe results in
sections 4.3.1, 4.3.2 and 4.3.3, even though there are differences in sanple
period and criterion function, that there is one basic assunption which may not
be realistic: the invariability of average car life over tinme. This assunption
wi Il be abolished in the follow ng section

Table 4.10 Lag coefficients for three distribution functions.

Lag coefficients (criterion 1).

(1) (2 (3)
k Poi sson Logi stic Nor ral
G 0 0. 0002 0. 0000
1 0 0. 0004 0. 0000
2 0 0. 0008 0. 0002
3 0 0. 0016 0. 0007
4 0 0. 0032 0. 0023
5 0 0. 0067 0. 0067
6 0 0. 0136 0. 0166
7 0. 0273 0. 0271 0. 0353
8 0. 0984 0. 0519 0. 0643
9 0.1771 0. 0919 0. 1005
10 0. 2125 0. 1422 0. 1346
11 0.1912 0. 1826 0. 1545
12 0. 1377 0.1743 0. 1522
13 0. 0826 0. 1322 0. 1285
14 0. 0425 0. 0827 0. 0930
15 0. 0191 0. 0457 0. 0578
16 0. 0076 0. 0236 0. 0307
17 0. 0028 0.0118 0. 0140
18 0. 0009 0. 0058 0. 0055
19 0. 0003 0. 0028 0. 0018
20 0. 0001 0. 0014 0. 0005
21 0. 0000 0. 0007 0. 0001
22 0. 0000 0. 0003 0. 0000
23 0. 0000 0. 0002 0. 0000
sum 1. 0001 1. 0037 0. 9998



Tabl e 4.11 D scards foll ow ng Poi sson distribution

Year

1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973

Aver age 5652. 6

ct ual

4415
4305
4564
4523
5112
6047
6160
6094
6142
6012
6258
6417
6322
6766

4024.
4554,
4861.
5099.
5381.
5679.
5870.
5893.
5836.
5819.
5891.
6067.
6355.
6768.

NP NOO A O P WO O R WD

5578. 8

Qiterion 1
Estimates D fference

390.
- 249.
- 397.
- 576.
- 269.

367.

289.

200.

305.

192.

366.

349.

- 33.

66.

N

N P 00 AN O P O © N O O Bk W o

Ratio

. 0971
. 9453
. 9183
. 8869
. 9499
. 0647
. 0494
. 0341
0523
0331
. 0622
0576
. 9948
. 9996

OO FRP PR R RPLPRLRPOOOO R

1. 0104

98 -

4177.
4655.
4918.
5146.
5438.
5739.
5906.
5894.
5824.
5816.
5907.
6104.
6415.
6854.

5628.

Qiterion 2

O O h © ©O DN O 00 © O B » ©

N
al

237.
- 350.
- 454,
-623.
-326.
307.
254,
199.
317.
195.
350.
312.
-93.
- 88.

17.

Estimates D fferencel

o O O P P 00 O 0 © O B k-, P

o
[

4. 17

Ratio

. 0567
. 9248
9077
8788
9399
. 0536
. 0430
. 0339
0546
. 0335
. 0593
. 0512
. 9855
. 9872

OO RrPr RFP R RFPPRPRPRPRPOOOOLEPR

1. 0007



Table 4.12

Year Act ua
1960 4415
1961 4305
1962 4564
1963 4523
1964 5112
1965 6047
1966 6160
1967 6094
1968 6142
1969 6012
1970 6258
1971 6417
1972 6322
1973 6766

Aver age 5652.6

Di scards foll owi ng | ogi sticdistribution

Esti mat es

3963.
4515.
4883.
5128.
5355.
5595.
5794.
5893.
5905.
5917.
6017.
6226.
6523.
6902.

5615.

6

4
4
7
8
5
3
3
2
8
9
3
7
3

Criterion 1
D fference

451.
-210.
- 319.
- 605.
- 243.

451.

365.

200.

236.

94.

240.

190.
- 201.
- 136.

36.

W N N RPN oo NN 0o NN MM

© O R B P P P P P OO OO B

Rati o

. 1139
. 9534
. 9346
. 8819
. 9545
. 0807
. 0631
. 0341
. 0401
. 0159
. 0399
. 0306
. 9691
. 9802

. 0066

99 -

4099.
4617.
4948.
5176.
5405.
5646.
5830.
5905.
5902.
5921.
6042.
6271.
6585.
6982.

5666.

Esti mat es

9

N O O W o o O N W oo M N O

315.
-312.
- 384.
- 653.
- 293.

400.

329.

188.

239.

90.

215.

146.
- 263.
- 216.

-14.

Criterion 2
D fference

1

N O O N o0 A W N O MDNMNO

4.18

Rati o

. 0769
. 9323
. 9223
. 8738
. 9456
. 0710
. 0565
. 0319
. 0406
. 0153
. 0357
. 0233
. 9600
. 9690

. 9967



Tabl e 4.13 D scards fol | owi ng nor nal

Year

1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973

Aver age 5652. 6

Act ual

4415
4305
4564
4523
5112
6047
6160
6094
6142
6012
6258
6417
6322
6766

3874.
4423.
4843.
5157.
5401.
5598.
5746.
5841.
5898.
5957.
6067.
6263.
6555.
6930.

N 00 N © 00 o1 o1 O = Ol N O N b

5611.5

Qiterion 1
Estimates Difference

540.
- 118.
- 279.
- 634.
- 289.

448.

413.

252.

243.

54.

190.

153.
- 233.
- 164.

41.

N 00 W R N O ol O © o NN O

di strlbution

Ratio

. 1395
. 9733
. 9423
. 8770
9464
. 0802
. 0720
. 0432
. 0413
0091
. 0313
0245
9643
9762

OO Rr P PR PRLRPOOOOLFPR

1. 0086

100 -

3944.
4460.
4867.
5179.
5421.
5608.
5746.
5841.
5914.
6000.
6139.
6357.
6660.
7032.

W o AN O MO OO W N O N P

5655. 4

470.
- 155.
- 308.
- 656.
- 309.

438.

413.

252.

227.

11.
118.
59.
- 338.
- 266.

-2.

Qiterion 2
Estimates, D fferencd

W o o Wk oM~ PDdD wWw-N N O

4.19

Ratio

1193
9653
. 9376
. 8732
9429
. 0782
. 0719
. 0432
. 0385
. 0019
0193
. 0094
. 9493
. 9621

O O FrPr PR P PP POOOOLER

1. 0009
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At the énd of this section, estimated average passenger car life for other
parts of the world is. presented. It is realistic to assune that suitable
aggregation of simlar countries hardly affects the results of the anal ysis,
because scrappi ng behaviour will be rather simlar. Doing the anal ysis as
described for the USA, for these groups of countries, if data permt, optinal
specifications and val ues of paraneters nmay be derived. Results as derived in
ESCAP (1978) are shown below in table 4.14. For many countries, lack of data or
estimation results forced us to derive informati on about average life with |ess
advanced net hods.

Table 4.14 Average life of passenger cars

Country or Average |ife of passenger
group of countries cars in years

1 United States 11. 4
2 Canada 12. 6
3 Japan 7.4
4-5, Austral ia + New Zeal and' 12.6
6 Germany F. R 10. 2
7 France 10. 8
8 Uni ted Ki ngdom 10.6
9-14. N W Europe 9.8
15-18. N W Europe 10. 8
19. Italy 13.0
20- 25. S. Burope 13.6
26- 32. E. Europe 13.0
33- 36. _ R 14.0
39-43. ISat ,Ibgi éman ca 15.0
44-52. E. + S E Asi a* 14.0
53- 54. Mddle East + N Africa 12.0
55.58. Qher ME. + Africa 14.0

* data or estimation results did not permt estimation in an
advanced way.
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4.4 New registrations and di scards of passenger cars, a vintage approach

At several places in section 4.3 it was cohcluded that owing to short and | ong
termchanges, average life of cars should rather not be assuned constant. Many
factors nmay influence average passenger car life e.g.

- econom e devel opnent, particularly in incong;

- driving distance;

- safety regul ations?

- quality of roads;

- quality of cars, regarding nai ntenance;

- quality of cars, concerning construction;

- driving style.

This inplies that average life y should be treated as a variable rather than
a paraneter both with respect to nodel construction and forecasting.

It may be too nuch to include all the above factors in our anal ysis, by one
nmay say that average |ife nmay depend upon the vintage and may vary over tine.
However, it is very hard if not inpossible to distinguish between factors
enbodied in the vintage and di senbodi ed factors related to the current year. As
we assune di senbodi ed factors to be very inportant, we shall concentrate on

t hese factors.

Inthis section attention will therefore be paid to year to year devel opnents

i n aggregate average passenger car life u . First, a method will be devel oped
to estinate y for each year in the sanpl e period, because data are not

avai |l abl e. Secondly, possible relationshi ps between the resulting y and
certain factors will be analyzed. Thirdly, projections of y wll be formil ated.

4.4.1 Deternmnation of aggregate average car life

Esti mati on met hod.
Basic relationships in the vintage nodel for the determination of aggregate
average car lifey contain the follow ng vari abl es:

G = newregistration inyear T

H = discards of vintage T in year t

H = total discards in year t

Z = nunber of cars inuse inyear t fromvintage T

q = fraction deternining discards of Z , inyear t.
uT t~* XX
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The rel ationshi ps are

z =G (4.149)

TT T

4,7 =Y " <W?x-1,T (419

AT - M, T "\, T (4_16)

H = EH (4.17)

t T tT

It isinportant to define g inrelationto zZ* , and not inrelation to

Z = G, because in caseT'o? changing p overt’t?‘m-al-, t he resi dual stock 2 |
ZTT = Cr, because in case of changing pT t-1,T

is avery inportant determnant of Z

For the determnation of q , figure 4.1 may function as a starting point.
Defining k =t - T= age of the vintage and p total share of a vintage
di scarded after k =t - T years, then, assumng a logistic curve for figure 4.1

and omtting a subscript t for pf, @a ,a p, oand Bupto (4241

2L =d-pJdz (4.18)
and t, T k** TT
pk = (4.19)
-a,k
1-He
(p-k)/B (4.20)
1+e

with p=-7j'L, B=-1, a="*

Because
v, T=Gw 4T (4_21)

and conbining (4.18) and (4.21)

27T - @ VI, T (4r22)
with
n kll 1

e ’ (4.23)

" k-1

1- e-?2
-a kK (4.24)

1+ae
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1-e (4. 25)
L e(uC-k)./r%JC

-1

(G- (t-T)/rvi, (4.26)
1l +e

if Bis proportional toy with afactor r (B=ry.)as was done in section 4.3.3
under the restriction that r is constant over tine.
The next step is the starting vintage distribution inyear t . The total nunber

of cars in use Z’t\ isgiven If it is assumed that Uy =yofor t <_tothen
0
to Tty T
= Z (1- G 4.27
Z(-p ) G (4.27)
0
= 1 (1 = ) G (4. 28)
T T
1+e ° o] o]

fromwhich p can be solved using an iterative procedure, while r should be
determned sinmultaneously withy :

= i . j- rr-, 1G) (4.29)
0 [t Tt 1+e(yc,-(tc,-ﬂ)/ryc,fXJ

_ _ BT _rir
as BO— ry  and o = — SO 0,= \7?y°

0 oy

It may be assumed at this stage in order to avoid estination probl ens, that
ft f;3y and, thus, r = 0.18. Later on sensitivity test should be appli ed.
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From year t0+1 onwar ds,

H =EH
t T tT
and

Pt x™ oox %t-1, x

with d given in 4.26. For each year t and for given value of r < 0.18,

y can be derived through

-1
r W 2
2 _fy _v 1-ce ) (4. 30)
mn-€ » o x MET)xu ()" s-1, T
1+e
for T <t
after whi ch, per year,
4T " A-1, T MT
=NV Zt'l,X for N < fc (4 31)

and

Z =G
tft t

Estimation results for the USA

The above nodel has been applied for the USA for the period 1959-1979. The
starting year tO is 1959. So 4 is derived for 1960-1979. The Standard

deviation o is assunmed to equal rp with r = 0.18. Some data as well as results
on \ig for 1959 and y for t = 1960, ..., 1979 are given in table 4.15. The
resulting Z matrix is presented in table 4.16. Estimates of y. for various
values of r are shown in table 4.17. Dfferences are snmall and the pattern of
y over time is rather independent of r.
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Table 4.15 Newregistrations, discards and estinated average |ife of
passenger cars in the USA

New Esti mat ed
regi strations D scards average life
1959 6, 041 3, 350 10.94
1960 6, 577 4, 468 10. 69
1961 5, 855 4, 105 11. 25
1962 6, 939 4,275 11. 41
1963 7,557 4, 604 11. 41
1964 8, 065 5,108 11. 25
1965 9,314 6, 051 10.77
1966 9, 008 6, 141 Q72
1967 8, 357 6, 083 10.75
1968 9, 404 6, 198 10. 68
1969 9, 446 6, 193 10.70
1970 8, 388 6, 002 10. 88
1971 9,831 6, 357 10. 82
1972 10, 488 6, 124 11.11
1973 11, 351 6, 448 11. 16
1974 8,410 5, 539 11. 95
1975 8, 262 6, 399 11.79
1976 9, 752 6, 282 12.16
1977 10, 826 7,319 11.93
1978 10, 946 8, 304 11. 69
1979 10, 35? 7,264 12. 35
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year

rintage

1843,

1943
1944
1945
1946
1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979

Table 4.16 Estimated vintage distribution of passenger oars in the CBA

1959 .-1260....1961. - 1962 - 1363

127
J.6
17

8.

14
-536
1289
. 1849
3138
4755.
4212
3703
5339
5293
6976
5856
5921
4626
6018

- -
[=}eleojooNelolololofoNoNololofoNolofo R

75
9
10

..5

9

. . 344-
868
1321.
2402
3897
3667
3379
5038
5107
6826
5780
5875
4605
6002
6577

[e}=lcloloNololoYolololofofoNoYoloNo o)

4

3.

5
22.4
587
940
1812
3132
3125
3025
4682
4872
6628
5676
5810
4573
5977
6560
5855

O00O0O0000O0OO0O0OO00COO0O0OOO

6
6.
6

28

3

4
.2

3
144
388
647
1312
2404
2548
2608
4225
4551
6343
5520
5710
4525
5938
6534
5840
6939

[ejojolooojooNololoNolooRolole)

e 17
2

2
.1
2
-91
250
429
905
1744
1961
2131
3648
4112
5929
5285
5555
4448
5875
6491
5817
6921
7557

[e}ejoofoNolefofoJoloNoNololoNo)

1964-

10

.1

1

0-

1

56
157
273
594
1190
1406
1621
2952
3524
5329
4924
5308
4322
5771
6420
5778
68 93
7538
8065

[eleloNolofololofololololoRo e

1965.

[e¥oNeoNeke)

33

94
166
367
753
922
1115
2155
2750
4437
4336
4880
4097
55 83
6291
5707
6843
7505
8043

©
w
-
N

[e}ejojlojoNoNoloNoloNololoNa)

1966

'
(oo JoloNolofoRolofole!

-1967-

..— 0-

- =12

33
60
135
283
361
463
972
1382
2531
2821
3582
3319
4868
5771
5411
6624
7359
7950
9248
8984

o'
w
5
~

[e)ejojejofojojofoNoloNa]

1
1968. —1969-j 1970

171

219

286

615

905
1739
2057
2793
2762
4284
5304
5128
6407
7211
7852
9181
8944
8335
9404

OO0 OO0 OPOOO

102
132
174
381
574
1142
1418
2043
2159
3573
4675
4718
60 76
69 77
7696
9069
8879
8298
9379
9446

197.1 1972 1973

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

2 1 0 0

7 4 2 1

12 ... 7 4 2

29 17 10 6

62 37 22 13
80 48 29 18
106 64 39 24
235 143 87 53
360 221 137 84
735 459 287 178
946 646 386 243

1433 951 624 399
1607. 1120. . 763 502

2836 2099 1504 1030
3947. .311.8 2370 .1706
4195 3528 2853 2178
5622. -4585. .4269 3466
6639 6131 5508 4732
.7461. 7J.1_ 668.5 5946 .
8898 8620 8235 7680
JJ276_-8607. .8363. 7996
8240 8143 7999 7776
SI39 _9213. -317-1. 9011.

9421 9381 9318 9217
.8366...8332-. .8276

— 00— 9831 9806 9766

1L, & .10488. . 10- 462

0 -0 0 11351
e Q 0

g 80 o
D, _.. JQ Q JL

0 0 0 0

0 i) 0. 0

0 0 0 0

1974

O PR Oo0O0CO0OO0CO
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Table 4.17 Estinmates of u for val ues of r.

r» 0 12 0.13 0. 14 0.15 0,.16 0.17 0.18 ©. 19 0. 20

«t=1960 10,.7E 10,.75 10,.71 10,.73 10,.74 10.74 10.69 1©69 10.69
-t=1961 11,. 16 11,.H 11,.19 11,.£3 11,26 11.28 11.85 11.26 11.28
«t=196S 11,31 11,.37 11,35 11,.39 11,4 11.45 11.41 11.43 11.44
«t=1963 11,.33 11,.38 11,.36 11,.40 11,.43 11.46 11.41 U.43 11.43
t=1964 11,22 11,,E7f 11,.24 11 ,E7 11,,E9 11.30 11.25 U.25 U.25
«t=1965 10,.89 10,.91 10,.85 10,.86 10,.85 10.84 10.77 10.75 10.72
t=1966 10,.86 10,.87 10,.81 10,.81 10,.80 10.79 1© 72 1© 70 10.68
t=1967 10, gs 10,.86 10,.81 10,.8€E 10,.81 10.81 1©.75 10.74 10.72
t=1968 10,.74 10,.76 10,.71 10,.73 10,.73 10.74 10.68 10.68 10.67
t MO69 10,.68 10,.72 10,.68 10,.71 10,.73 10.75 10.70 10.71 10.70
et=1970 10,.77 10,.82 10,.80 10..85 10,.88 10.91 10.88 160G 91 10.9E
t=1971 10,.71 10,.76 10,.74 10,.78 10,.81 10.84 10.82 10.84 10.85
t«=1972 10,.9E 10,.98 10,.98 11,.04 11,08 11.1E 11.11 11.14 11.17
t-1973 10,.98 11,.04 11,04 11,,09 11,13 11.17 11.16 11.19 .11. El
t=1974 11,58 11,67 11,71 11,.79 11,86 11.93 11.95 |E 01 12.06
t=-i975 11,57 11,. 63 11,65 11,.70 11,75 11.80 11.79 11.83 H .86
t=1976 1191 11,98 |IE.00 IE.O06 1E.11 I1E 16 12.16 12.21 12.E4
t--1977 11,8 il,.87 11,87 11,,90 11.,.9E 11.95 11.93 11.94 11.95
t=1978 il ,71 11,.73 1171 11,72 11,72 11.73 11.69 11.69 11.68
t=1979 IiE.@g IE.E6 I1E,r?7 IE.31 12,.34 12.37 |E 36 12.38 12,40
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Estination results for other regions

Estinmation of average car life requires data on new regi strati ons which are

of reasonable quality and of a reasonable level during at least 12 to 18 years
bef ore the begi nning of the estimation period dependi ng upon the country.

For many regions, therefore, the estimation period for y could only be

1968- 1979 whil e to = 1967 = the initial year. Por sone regions, reasonably
accurate estinmates can only be obtained for a shorter period.

Anot her conplicating factor may be that the data on total registration do not
very well natch with the data on new registration and on discards. In general
stock figures tend to be less reliable than such data as on new registration.
This may result in apparent discrepancies between the estimate of y from
(4.29) and the estimate of y from (4.30). There is no way of defining when

the discrepancy between y and y_ is too big, because in general vy, f y.
o] 1 1 o]

Two | evel s have been applied to define if a discrepancy is too big or not:

5 %and 10 % If

jy -y |>dy (4.32)
il o' 0]

with d =005 or 0.10, then y has been fixed at Hu + U/), the new Z have
0 0 1 t, T

been cal culated (4.18) with proportional adjustnent, the new level of y has

been determined and (4.32) has been checked.

MMy if ly -y I<dy,y wll becaculated for the follow ng years.

Results are presented in table 4.18 for those regi ons where the above anal ysi s

was pernmtted in viewof availability of appropriate data.
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Table 4.18

1. United States a

2. Canada a
3. Japan a

b

C

4-5. Australi a, a
New Zeal and b

6. Germany, F. R a

[ 7. France a
H b
o) C
1
8. United Kingdom a
b
C
9-14. Northern
Eur ope | a,b
C
15-18. Northern a
Europe 11
19. Italy a
b

1) initial year
2) using provisional

1967%

10. 84

10. 55

16. 99
13.48
12. 62

8. 60

13.45
12.66
11.44

9.34
10.41

12. 62
13. 86

11.32
10. 68

data

1968

10. 65

10. 35

13. 63
12. 47
12. 13

8.69

11.87
11.57
11.03

10.21
10.86

12. 14

11. 46
10. 57
10. 31

Estimated average life of passenger

1969

10. 69

10. 11

13. 96
12. 93
12. 62

8. 47

12.43
12.15
11.64

9.21
9.69

12. 43

11.08
10. 42
10. 22

1970

10. 88

10. 25

13. 74
12. 88
12. 62

9.72

11.23
11.01
10.64

9.14
9.50

11.61

13. 59

12. 89
12. 68

o0 adj ust ment
0.10 (see text)
0.05 (see text)

cars

1971

10. 82

10. 80

12. 80
12. 16
11. 96

13.75
11. 07
10. 05

11.50
11.32
11.01

9.48
9.77

11. 75

12. 76

12. 28
12.13

1972

11.

11.

12.
12.
12.

11.
10.
. 68

10.

10.
10.

10.

11

08

75
22
06

.93

32
18

62
49
28

.24
.44

34

13.86
13.44
13.31

1973

11.

10.

13.
13.
12.

11.
10.
.84

11.

11.
10.

10.

15

68

48
01
87

.51

23
27

16
06
89

.23
. 36

69

12.41
12.16
12.08

1974

11.94

11. 14

10. 21

9. 68
8.79

12. 97
12.63
12.53

9.06
11.48
10.64
10.26
10.52

10.45
10.35

9.78

10.99

13.79
13. 56
13. 49

1975

11. 78

10. 56

9. 16

8.91
8.45

13. 99
13.69
13.60

9.96

11.06
10.40
10.10

10.72
10.67
10.60

9.82
9.87

11.31

15. 84

15. 62
15. 55

197

12.

11.

14.
13.
13.

10.
10.
10.

10.
10.
10.

11.

16.
16.
16.

1

= N O N~ O oOr~rO

~N o~
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A nunber of conclusions can be drawn fromthis table. First, estinmation

results for the USAwith t = 1967 hardly differ fromthe results as presented
0

intable 4.15 witht = 1959. This inplies that the estinated val ues of v.

0] t
may be rather robust with respect to the choice of t .
Further, for many regions estimated values of y and y.. (for 1967 and 1968)
are not extrenely close. Sone adjustnents mght be necessary. If, inthe
unadj usted case (a), y is nmuch bigger thany , both will be reduced after
adjustrment (b or c). Dfferences between a, b and c may be rather big. However,
these differences tend to becorme snaller as tine goes on and they nay even be
about zero in 1979.

For many countries, such as the United States, Canada and Gernany aver age
life tends to increase over tinme. Qher countries, e.g. Northern Europe I,
show a decrease, which may be caused by safety regulations and snaller cars.
C her countries do not show significant dowward or upward novenents. It is
not clear in nmany cases whether the 1973-1974 oil crisis had an i npact on
average |ife of passenger cars.

Cne concl usi on which can be drawn rather accurately is the difference in
average |life between countries. Hgh values are obtained for Italy, USA
Canada and, somewhat |ower for Northern Europe |1. Estimated average car life
in recent years cones close to or around 10 years in the bigger countries of
Vestern Europe. The snall relatively wealthy countries of Europe, grouped in
Nort hern Europe | show a nmuch | ower |evel of about 9 years, which is rather
simlar to the case of Japan.

It is now possible to conpare the estimation results for average life of
passenger cars for both nethods

- distributed lag approach (probability distribution), see table 4.14

- vintage approach, taking recent figures, fromtable 4.18, c or a.
Results are shown in table 4. 19.
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Table 4.19 Estinated average |ife of passenger cars for two nethods

Dstributed |ag Vi nt age

1975-1977 1978- 1979
1. Uhited States 11.4 12.0 12.0
2. Canada 12.6 11. 4 12.1
3. Japan 7.4 9.0 8.5
4-5. Australia + New Zeal and 12.6 13.4 13.8
6. Germany, F. R 10. 2 9.8 9.3
7. France 10. 8 10. 4 9.8
8. Unhited K ngdom 10.6 10.5 9.5
9-14. NW Europe | 9.8 9.3 8.4
15-18. N'W Europe |1 10.8 11.1 13.1
19. Italy 13.0 15.4 14.8

In nost cases, differences between the two approaches are caused by trends in
average life: the distributed |ag approach provides estinates of average life
for the whol e sanpl e period 1960-1973, whereas the vintage approach, by its
very nature gives year to year estinates.

I.n the follow ng section, projections of average life, discards and new
regi strations of passenger cars will be constructed.

“.5 Projections of average life, discards and new registrations of passenger
cars

In the previous sections various nethods to estinate average |life of passenger
cars have been di scussed. The vintage approach offered good results

particul arly because of possible changes in average life over time. Inthis
section projections both of average life and discards and new regi stration
will be made.

A few subj ects concerning these projections will be di scussed.

1. Possible explanation of average life u .

2. Projections of y for the regions used in 4.4 and for other regions.
3. Consequences of changes in u for projections of discards.

4. Projections of discards and new registrations for passenger cars.
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4.5.1 Explanation of average life

A nunber of variables may influence average |ife of passenger cars:

a - drlving distance per year

b - average size of cars

c - quality of cars

d - income

e - safety regulations

f - forecasts of econom e devel opnent.

Average life may increase if people drive |ess, have bigger cars, have better
quality cars, do not (eKpect tol earn enough to allow for a new car. On the
ot her hand, snaller cars, additional safety regulations and bad econonie
forecast (e.g. the oil crisisl may increase average life. It is beyond the
scope of this study to undertake an el aborate analysis into the relationships
anmong the above vari abl es, explaining average life of cars. In the previous
section some trends have already been indicated. Because of a reasonably |ong
data series for the USA, devel opnents in average car life for the USA will be

Studied nore in detail

Table 4.15 gives estimated figures of average life of passenger cars in the

USA. A nunber of regression anal yses have been carried out to explain these

figures.
V = 10.969 + 1.0107 D (4.33)
(Q @81 (0.1272).
R = Q769, Dw= 1.18
= 11.043 - 0.0092t + 1.1074 D (4. 34)
(0.1421 (0.0155) (0.2083)
R =0.773, DW= 1.25
7.502 + 0. 31666y + 0.74755 D (4.35)
(2.287) (0.20867) (0.21408)
R = 0.792, DW= 1.58
A = 8.350 + 0.28374u - 0.07786Y + 0.88171 D (4. 36)
(2.553) (0.21519) (0.09918) (0.27584)
R = 0.800, DW= 1.60
where u = average life of cars
D = dummy variable = 0 for t = 1959, .., 1973
= 1for t = 1974, - 1979
t = tine
Y = incone per capita

Standard errors in brackets
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It can be concluded that a maj or change has been introduced in 1973-1974:
the dummy is the nost significant explanatory variabl e; there has been an
i ncrease of about 1 year. Incone per capita has very little influence.

4.5.2 Projections of average life

In sub-section 4.5.1 it has been concl uded, that devel opments in average life
of passenger cars is rather different for various countries: some countries
show i ncreases or decreases over time, others are affected by the oil crisis
and even incone had sone influence in the USA. For other countries such an

el aborate anal ysis was not feasible owing to data limtations.

For projection purposes it is in principle possible to assune extrapol ati on of
(4.36) into the future. For the USA this woul d mean that scenarios for

econonie growh are inportant in forecasting average life. Assuming Vi,o, = 12,
i you
projections of u are given in table 4. 20.
Table 4.20 Projections of average life of passenger cars in the USA for
three scenarios of econome grow h

1980 1985 1990 1995 2000

d 12.0 12.1 12.0 12.0 12.0
@& 12.0 12.0 11.9 11.8 11.7
& 12.Q 12.0 11.8 11.6 11. 4

It is clear that income has very little influence. The sane seens valid for
the ot her regions.

Because of the above uncertainties it is not possible to make exact |ooking
projections. As a last resort, scenarios nay be drawn up. As a Sandard
scenario (O) one may fornulate no change in average life with as a basis
1975-1979. In case of apparently irrealistic results of the provisional
data for 1978-1979, only 1975-1977 has been used. Next to this scenarios
for increase and decrease in average |ife may be fornulated with the hel p
of tables 4.19 and 4.14. They are presented in table 4.21. |In some cases
further decrease or increase seened irrealistic.
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Table 4.21 Scenarios for projécted average life for passenger cars

1985 1990 1995 2000

1980

Uhited Sates

1.

Canada

2.

0 © <
od o3 o0

0 < W
o0 O3 od

0 N ©
o0 o’ od

0 O~
o0 o od

00 00 0o
o0 o0 od

[afafal

Japan

3.

13.6
13.6
12. 8

13.6
13.6
13.0

Australia + New Zeal and

4-5.

oY oo
o) O o
—

oNo
oo o
—

©OnN
e NeXe)]
-

© o<
o o o

© © ©
o o) O

[afafal

F.R

Gemany,

6.

France

7.

United Ki ngdom

8.

o~ LW
oS o5 oo

oo
od o) oo

omM~
oS o5 0

o — ©
od o3 oo

o oo
od 00 o0

[afafa

N W Europe

9-14.

N W Europe

15-18.

13.0 13.0
13.3 13. 4
12. 4 12. 2

13.0
13.2
12.6

Italy

19.

13
13.
12.8

13.6
13.6
13.0

S. Europe

20- 25.

E. Europe

26- 32.

14.0 14.0
14.0 14.0
13.6 13. 4

14.0
14.0
13.8

Lati n Arerica

33- 36.
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Table 4.21 (conti nued)

39-43.

44-52.

53- 54.

55- 58.

S. Asia

E. + SE Asia

M ddl e East +

N. Africa (oil)

Gher ME. + Africa

B8R BR8EZ BRE RBRU

1980

15.0
15.0
15.0

14.0
14.0
14.0

12.
12.
12.

(eoNoNe)

14.
14.
14.

OO

116 -

1985

15.
15.

oo

14.0
14.0
13.8

12.0
12. 2
11. 8

14.
14.
13.

00 OO

1990

15.0
15.0
14.6

14.0
14.0
13.6
12.
11.
14.

14.
13.

(N eNe)

1995

15.

[EnN
o
~OO

14.

14.

=
s
~OO

13.

12.
12.
11.

H OO

14.
14.

~AOO

4.35

2000
15.
14.
14,

14.
13.

NOO

12.0
12. 8
11. 2

14.
14.

NOO
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4.5.3 HEfects of changes in average life

According to the estinates presented in table 4.18 average |ife has changed

over tine. For projection purposes scenarios for average |ife have been drawn
up in such a way that average life nmay change in future.

By definition it is inpossible to change average life in a distributed |ag
nodel between di scards and new regi strations such as described in sections
4.2 and 4.3. In a situation of zero growth in new registrations in the past,
a change in average life inserted by shifting the lags, will result in no
change in discards. However, an increase in average life inplies a reduction
in di scards because certain cars which should be di scarded under the new
regi me have been di scarded already, Cnhly by using a vintage nodel such

adj ustments can be included. This has been done for the countries (regions)
as nmentioned in table 4.19 with country code 1 to 19.

For the other regions, the refined nethod of a vintage nodel was not possible
due to data limtations. The method whi ch has been applied, is described in
section 4.3. e probl em which needs to be solved is the necessary adj ust nent
caused by changes in average life. In this respect one mght draw upon results
whi ch can be derived fromthe vintage approach. The fol | ow ng exerci se has been
undert aken: determne discards both in case of unchanged average life and
changed average life:

H f(yicd  (unchanged) (4. 37a)

H, ©

f(P°) (changed) (4. 37b)

e mght derive the effect of a change in u by calculating a

(H - 0/H."Y
a =N - — (4. 38)
t c u, . u

(vip  myp )Iyg

Val ues of a have been calculated for the regions and the years given in

table 4.18, except for the initial years (and in some case the year after)
u c

and, of course, excluding those years when'y equals u . For each regi on
the average, the | owest val ue and the highest value of a are presented in
tabl e 4. 22.
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Table 4.22 Sone statistics about a (see text) per region

aver age hi ghest | owest

of o:.t at ay
1. United Sates - 3.06 - 2.87 - 3.38
2. Canada - 3.01 - 2.54 - 3.50
3. Japan - 3.00 - 241 - 3.87
4-5. Australia + New Zeal and - 327 - 2.82 - 377
6. Cermany, F.R - 3.00 - 2.53 - 3.45
7. France - 3.02 - 2.74 - 3.70
8. Wnited Ki ngdom - 317 - 2.76 - 3.8
9-14. N W Europe | - 312 - 273 - 377
15-18. N W Europe |1 - 3.28 - 2.06 - 4.22
19. Italy _3.36 - 2.64 - 5.39

It can be concluded that the overall average (unweighted) of the a (- 3.1)
t

is very close to the averages per region. Therefore, a = - 3.1 can very well
be used as an correction factor in adjusting cal cul ated di scards because of

changes in average life. This procedure is adopted for the regions consisting
of countries with code 20-54.

4.5.4 Projections of discards and new regi strations
For projection purposes, the basic nmodel nay be repeated agai n.

Hi . =f (G _«), ke{O,1,2,...,k } (4.2
and

G[ = AZt+ Ht (4 1)

Al elenents of this nodel have been described in this and the previous section.

Basis for the projections of discards (H) and newregistrations (G) is the

series of projections of cars in use for 5 scenarios, as sumari zed in section

2.4, table 2.15. They wll be sumarized here as well:

- table 4.23: projections of discards for 5 scenarios for passenger cars in
use and for the Standard scenario for average life

- table 4.24: idemfor new registrations

In order not to overload this paper with tabl es, projections of discards and
new regi strations for passenger cars in use for the three scenarios for average
life will not be included but will only be used to assess sensitivity of total
rubber dermand to these changes.
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Table 4.23

VI.

Projections of discards of passenger

for 5 scenarios (see text)

North America

Asia, developed

Cceani a, devel oped

North-West Europe

Sout h- West  Eur ope

Eastern Europe

1985

10781.1
10791.7
10808.2
10*14,6
108 20.8

2667 .6
2672.0
2656.7
266 0.0
2662.5

529 .6
530.0
529.9
530.2
530.3

.08 28.8
67 32.1
684 1.0
ng844.8
6*52.4

2136.2
213 7.4
213 7.a
2139 .0
21"19.4

1032.1
103 2.5
1032.5
103 2.9
1032. 9

119

cars (in thousands)

1990 1995
11519.8 11939.6
1165 6.3 12 546.0
11784.1 1,?2835.7
11876,4 13?70.7
11939.0 13533. 3

36b3.0 4297. 4

3752.8 4517.2

3661,7 4700. 8

3745.9 4919. 3

380 5.5 5246.9

577.1 697?.7
58 2.7

5£2.8 73 0.9
587.9 7 59.6
589.2 770.5

"6<:;5.7 7">59. 4

"7742.4

78 39.8

7813.7 ?2S8s->,7

739 0.2 909'>. 1

24 14.6 2 777.0

2435.6 290 4.8

244 2." ?'-*44 . 0

246 0.9 305 7.0

?24f t;.7 3097?.7

1250.8 1378.5

126 9.9 15 01.4

1269.9 150 1.4

128 5.8 1614.4

128<?. 8 1614.4

4.38

2000

12668.1
13484.1
14176.2
14657.7
15434.7

4692.°
470 3.4
5178.8
5159. 0
5613.8

799, 0
870.7
906.1
963.5
1006.9

"376.8
8 602.4
9012.4
si-n.p
9634.°

313 2.1
341" .«
35?25."
377":.%
3884.7

1805.7
2140.~
2140.3
24§ >.2
?415.7?



Table 4.23 (cont.)

VI,

Xl .

Xl.

Latin Arerica + Cari bbean

Sout h Asi a

Sout h- East + East Asia

M ddl e-East + North Africa

Gher Africa

1985

9 76.3
977.0
977.0
977.6
977.6

108.5
103.5
108.5
108.5
108.5

273.6
27 8.8
278.8
278.9
27R .9

334.6
334.y
334.8
334.9
337.9

120 -

1990

1320.
1346.
1346.
136 9.
1369.?

VN NO

205.7
26 8.4
263.4
270.6
270.6

326.1
33 5.0
33 5.0
341.7
341.2

43 3.6
436.6
4 36.6
4 38.6
43 8.6

1995

1-591.
1305.
1805.
1997.
1997.

A DA WWN

185.4
1913.3
105. 3
20 3.7
20 3.7

407.
431.
431.
452.
452.

NNNNOD

341.
395.
395.
434 .-
434.

O R, RN

591.4
609.5
609.5
624.6
624.6

4.39

2000

2260.3
2935.5
2935.5
355 8.4
3558. 4

244.5
277.0
277.0
304.0
304.0

651.4
736.8
738.8
811.5
811.5

772.
821.
821.
861.
861.

[ T @ TN SN SN



Tabl e 4.24

V1.

for 5 scenarios (see text)

North Anmerica

Asia, developed

Cceani a, devel oped

Nort h- st Eur ope

South-West Europe

Eastern Europe

1985

11444.5
12808 .4
12812.9
13 766.0
14029.2

398 4.6
4300.5
4262 .8
4570.9
4757.2

3074.0
3201.1
3350.7
3650.7
37??7. 8

1606.8
180 6.9
1806.9
2014.7
2014.7

121

1990

13532.0
14321.9
15338.3
15 605.6
16«20.9

4?9 9.4
47 92.3
538 6.6
5317.5
5869,7

055.7
NB5. 7
102H .2
1097."
118 2.4

8533.9
87 36.8
°138.P
0263.5
9677.8

3382.2
3730.0
395 4. ]
418 8.5
4397, ?

2066.3
2521.7
2521.2
288 7.3
2fih7.3

Projections of new registrations of passenger cars (in thousands)

1995

13 735.6
14180.
15214.
15137.
16294.

co~NW0mw

4694.5
4731.2
5126. 8
51*1.9
5584. 5

92 9.
94' 4,
104 7.
1017.
110 8.

a1
~ ‘QHw

8520.4
B857.6
936 3. 1
967 7.]

1(1.?7?2.C

¥-. 13. 9
39P7. 2
4152. 2
4514.9
46*0.5

2370.,->
315 9.6
315 9.6
3834.7
3-;34.7

4. 40

2000

13922.4
14572.0
15613.0
15790.2
16918.8

4855.2
48 3 3.6
5335.3
5301.0
5769.5

943.7
977. 7
105 2.4
106 3.3
1131.7?

8714.9
9 049.5
06 32.«

10517.#

37-U.0
44450
45P8.7
5340.7
$5474. %>

28 80.6
4101.2
4101.?
5205.1
5205.1



Table #-24 (cont.)

VI,

XI.

Latin America + Caribbean

South Asia

Sout h- East + East Asi a

Middle-East + North Africa

QG her Africa

235.
260.
260.
28 6.

286.

m@(DLOCO

548.
597.
507.
646.
646.

~ NN g

390.
454.
454.
504.
504.

N~N oo

717.4
751.2
751.2
786.3
786.3
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1990

2961.
4093.
400Q3.
5143.
5143.

~N ~ 00 0 g1

307,
369.
369.
418.
418.

N NW W

912.
1069.
1069.
1198.
1198.

== 00 0 W

470.
651.
651.
777.
777.

g oo g

911.2
100 7.2
1007."
106 5.5

1995

*?-T7.1
6325.0
6325.0
8769.6
8769.6

410.9
519,83
519.3
612.7
612.7

1465. 5
1831.9
1831.9
2150. 6
2150. 6

56 0.8
835.1
835,1
108 2.6
1082.6

1216.0
1335.6
1335.6
1438.7
1438.7

4.41

2000

5337.6
9697?.-
9672, H
14800.6
14800.fe

504 .5
684.6
684.6
847.8
847.8

2.302.7
3086. 0
3086. 0
3808.0
3808.0

689,0
1121.5
1121 .5
1549.2
1549.2

1512.3
1607.0
1697.9
1865.4
186 5.4
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4.6 D scards and new regi stration of commercial vehicles

The anal ysis for comrercial vehicles runs largely parallel to the case of
passenger cars.
Basically the nodel to be used is

G = AZ™ + H, (4.1)
H =f (%' kc{o0, If 2, ... k™ (4.2)
where G = newregistrations
ZT = total registrations = total nunber of commercial
vehi cl es in use
H = discards = deregistration.

Inthis section, we focus on discards H and thus on equation (4.2).
Afterwards, new registrations G are calculated using (4.1), since total
regi strati ons have been derived in chapter 3.

For commercial vehicles the same nodel as for passenger cars has been used. it has
been el abérated upon above and will be only briefly reviewed here. An approach
following the lines of anortality table | ooks nost promsing. Unfortunately,
accurate nortality tables are available for a few countries only. And again

one often encounters data on vehicles in use by nodel year rather than by

year of registration. As many vehicles of a certain nodel year are sold and
registered in the following year or |ater, usage of these kinds of tables

i ntroduces consi derabl e i naccur aci es.

In an earlier study, ESCAP (1978), we have estinated average commerci al

vehicle life for a nunber of countries or regions, based on data on di scards,
if available, for the period 1960-1973. The anal ysis was the sane as the one
described for passenger cars in 4.3.3. It was inpossible to arrive at estimates
of average life of commercial vehicles in many countries or regions. Additional
information had to be used. Results, as shown in ESCAP (1978) are again
presented here in table 4.25.
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Table 4.25 Average life of commercia

Country or
group of countries

Uni ted Ki ngdom
9-14. N. W Europe
15-18. N. W Europe
19. ltaly

20-25. S. Europe
26-32. E. Europe
33-36. Latin America
39-43. S Asia
44-52. E. + S.E. Asia

1. United States
2. Canada
3. Japan
4-5. Australia + New Zeal and
6. CGermany F. R
7. France
8.

53-54. Mddle East + N. Africa (oil)
55-58. Oher ME. + Africa

As in the case of passenger
be used to derive estimates of average life which may vary over tine. The
sane met hod for adjustnent
with a = 0.05. Since information about

estimtes of average |life have been derived from 1974 onwards. They are

presented in table 4.26.

cars,

vehi cl es (ESCAP (1978))

Average life of commercia
vehicles in

16.
15.

5.
15.
11.
11.
11.
10.
10.
12.
13.
17.
17.
17.
17.
17.
17.

years

O O O O O O O » O 0O N OO » O DN

t he vi nt age approach (cf

recent years is nost

Table 4.26 Estimated average life of commercia

United States
Canada
Japan

4-5. Australia +
New Zeal and

Germany, F.R
France
Uni ted Ki ngdom
9-14. Northern Europel
19. Italy

1) initial year
2) provisional

1974

12. 99
9.91

14. 17
9. 69
6.75

10. 04

1975

12.53
9.51
12. 29

13.55
10. 09
7.07
7.08
10. 18

124 -

1976

13.
10.
12.

12.
10.
6.
6.
9.
12.

54
02
86

57
74
78
90
54
06

vehi cl es

1977 1978

12. 18 12.09
10. 51 9.99
12. 67 11. 22
12. 66 12. 40
11.01 10. 68
6. 87 7.22
10. 72 7.88
9. 96 9.89
11.52 12. 82

i mportant,

19799

11.61
9.63

12. 75
10. 49

12. 72

4.43

section 4.4) may

as formulated in equation (4.32) has been applied
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A nunber of concl usions can be drawn fromthis table:

- there is no clear trend in the estinates per country;

- there are large differences between the countries;

- sone val ues seemirrealistic e.g. Uhited Kingdom 1977.

For projection purposes average life will be assuned constant as summarized in
tabl e 4. 27.

Table 4.27 Projected average |life of commercial vehicles

Year s

1. United States 12. 4

2. Canada 9.9

3. Japan 12. 3
4-5. Australia + New Zeal and 12.8
6. Germany, F.R 10. 6

7. France 7.0

8. Whited K ngdom 7.3
9-14. NW Europe | 9.8
15-18. N'W Europe || 10.5
19. Italy 12.3
20-58. Q her regi onss) 12.5

*) assurmed.

Sour ce: average 1975-1979 table 4.26.

Simlar to the case of passenger cars, projections of discards can be made on the
basis of the vintages,or,if these are not available, on the basis of

distributed lags using a nornal probability distribution with averages as
nentioned in table 4.27. Starting fromprojections on conmercial vehicles

inuse, as derived in chapter 3 for three econome scenari 0s, projections

of discards and new registration can be nade. They will be summari zed here:

Table 4. 28 - projections of discards for three scenarios

Table 4.29 - projections of newregistrations for three scenari os.
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Tabl e 4.28 Projections of discards of commercial vehicies (in thousands)
for three scenarios (see text)

1985 1990 1995 2000
l. North America Gl 2747 .1 3057.8 2921.8 348 7.0
G2 2759. 3 3176.4 3397.5 4380.0
G3 2765.4 3245.6 3732.1 5076.6
. Asia, devel oped Gl 1031.8 1305.6 1682.2 2137.6
G2 1034.6 1339.2 18 56.0 2563.0
G3 1037.0 1367.5 2002 .9 2913.7
[1l. Cceania, devel oped Gl 115.8 133.8 136.4 151.2
G2 115.9 135.0 143. 7 171.6
G3 116.0 136.1 149.9 188.5
V. Nor t h- West Eur ope Gl 9 04.0 1004.2 1121.5 1258.4
G2 Q07.0 10 46.4 1244.9 1494.3
G3 903.9 1080.2 1345.3 1689.1
V. Sout h- Wst  Eur ope Gl 271.3 325.7 343.0 400.0
G2 271.6 330.8 374.5 474.7
G 271.8 335.0 401.4 536.5
2 713.1 705,4 8 59.4 9Q9.1
G3 713.1 787.7 874.6 1034.4
VIl. Latin Anmerica + Gl 3"13.6 441.0 511.8 641.0
Cari bbean G2 373.7 445. 6 547 .2 737.3
G3 37 3.8 449.5 577.4 816.6
IX. South Asia Gl V5.2 38.1 105.5 146.3
G2 49.3 39.7 116.6 175.2
G3 4<|.3 91.1 126.1 198.8
South-East + Gl 133.1 104.2 235.2 i‘(‘)g-g’
East Asia G2 133.2 197.4 257.3 .
G3 133.2 200.0 276.0 452.1
XI.  Middle-East + Gl P35 105.6 100. 7 131.6
North Africa G2 8 3.6 107.0 109.6 152.4
G3 33.6 107.9 115.9 16 8.3
XIl. Other Africa GI 175.R 249.3 338.1 458.8
G 176.4 250.2 392.7 591.3
G3 176.5 266.2 438.9 69 6.7
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Table 4.29 Projections of new registrations of conmerci al

V.

VI,

Xl

X,

for three scenarios (see text)

North Anerica

Asi a, devel oped

Cceani a, devel oped

Nort h- West Eur ope

Sout h- West  Eur ope

Eastern Europe

Latin Amrerica +
Car i bbean

South Asi a

Sout h- East +
East Asia

M ddl e- East +
North Africa

QG her Africa

Gl
G2
G3

Gl
G2
G3

Gl
G2
G3

Gl
G2
G3

Gl
G2
G3

Gl
G2
G3

Gl
G2
G3

Gl
G2
G3

Gl
G2
G3

Gl
G2
G3

Gl
G2
G3

1985

3056.0
3591.0
4142.8

1834.5
2072. 2
2313.1

141.3

154.6 -

167.6

105 0,5
1129.4
1209.3

360.
406.
452.3

N O1

906.
930.
"55.1

NN

562.
617.
670.

o o

111.1
126.2
141.8

275. 1
305.0
33'5.9

114.2
126.1
13 5.2

371.1
443.8
519.1

127

1990

3888.0
4988.3
58 37.2

2425.6
2989.8
3444.2

167.5
197.8
222.0

1224.7
1421.5
1578.5

440.0
536.7
614.5

1004.4
1059.4
1103.7

711.
840.
943.0

w ©

176.8
214.6
245.0

403.7
483.0
546.8

148. 4
174.7
195.2

529,6
699.3
830. °

1995

38 22,8
5512.7
6904.5

3077.9
4064.8
4915.5

177.6
225.9
267.0

1376.9
1710.1
1991.5

476.0
630.6
76 3.8

1086.4
1182.0
1264.7

85
108
127

oW
~O N

221.4
291.7
352.2

521.5
6 75.7
807.9

15 2.1
196.7
233.4

699.0
983.7
1229.2

4. 46

vehi cl es (in thousands)

2000

4147.3
6 410.9
8421.3

365 4.3
5221.8
6636.7

190.9
263.6
328.8

1498.0
1995.4
2435.4

522.
748.
951.

o NG

1208.
1357.
1492,

~N O o

1031.
1400.
1728.

~N R ©

281,6
399.0
504.5

698.0
967.6
1208.7

183.7
251.6
310.9

855.3
1305.0
1706.7



Appendi x A, Scenarios for popul ation, incone and energy

Any nodel deals with two types of variables: variables whose devel opnent
are explained by the nodel (e.g. car ownership) and variabl es which are
very inportant to the nodel but whose devel opment nust be anal yzed in a
greater context (e.g. inconme growth). Sonme of these variabl es basically
are macro scal e variables and wi |l be discussed in this appendi x.

The ultinmate determnants of world denmand for rubber are popul ati on, national
incones and their respective growh rates. The basic connection between t hese
key variabl es and such rubber-using products as vehicles, tires and ot her

rubber goods is self evident. Projections of these fundanental denand..
determnants is however the nost vul nerable part of rubber denand projections.
The plausibility of the assunptions with respect to popul ati on and incore grow h
determnes the validity of the result of any study.

a. Population

The popul ation projections used in the present study are the so-called United
Nations medi umvariant, as adjusted in certain cases by other international
organi zations (see United Nations, Popul ation Dvision (1975)). Some further
adj ust ment have been included by us to account for recent devel opnents in
popul ation growth. Detailed projections are presented in Smt (1980). A
summary for X1 broad regions (cf. table 2.1) is given below in table A. 1.

Table A°'1 Population estinmates and projections by broad regions (innillions)

1975 1980 1985 1990 1995 2000
. North America 236. 3 246. 2 257.7 268.4  276.8 284. 4
. Asi a, devel oped 111.6 117.0 120.7 123.2 125.2 127.2
I1l1. Qceania, developed 16.8 17.7 18.5 19.2 19.7 20.1
V. Nort h-West Europe  233.6 234. 4 235.3 236.5 237.4 237.8
V. Sout h-Wst Europe  172.3 182. 4 193. 3 204.7 216.1 226.8
VI, East ern Eur ope 363.0 378.9 394. 7 409.0 421.8 434. 4
VII. Latin Anerica +
Carri bean 317.6 364. 1 416.9 475.8 539.7 608. 0
VIII. Asia, Centr.H anned 987.3 1056. 9 1121.5 1176.9 1231.3 1283. 7
I X South Asi a 806. 4 897.5 996.4 1098.6 1197.9 1290.6
X. Sout h- East +E. Asia  293.7 329. 6 368. 1 407.3  445.3 480. 7
Xl Mddl e East +N Afr. 130.7 149.4 170.1 193.1 217.1 241.2
Xil. Qher Africa 321.2 370.7 430. 4 501.1 584.4 679.6
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b. Incone

There is considerable controversy over the future of world incone |evels.
Because of this controversy surroundi ng such |ong-term projections, we have
devised three alternative scenarios of future econome growh, projecting G oss
Donestic Product (QA@P) in 1975 prices, in 1975 U.S. $ by country or region:
Scenario d - lowrate of econonie growh

@ - mediumrate of econome growh

& - high rate of econome grow h.

The assunptions behind these scenarios are as foll ows:

- growth figures for 1980 are based on CECD projections and/or on the pattern
of recent years;

- all growth figures for 1981 and later are rounded at 0.5 %

- growth figures for 1981 are assuned to be
- slightly less or equal to 1980 for A, except for USA and WK
- close to 1980 for &
- slightly higher than 1980 for G3;

- growh figures for the follow ng years are assumed to increase, reaching a
nmaxi mum around 1990 with |ow, medium and high levels for A, @ and G
res pectively.

The advantage of these alternative scenarios in projecting world demand for

rubber is that they permt the individual reader:

a. to include his own views concerning the future of the world econony into
hi s proj ection-based deci si ons,

b. to adjust his choice of projection as new information on the world's
econom e future becomes avail abl e, and

c. to find out how sensitive the demand for rubber is to the rate of econome
grow h.

The three projected (DP scenarios are presented in detail in Smt (1981).

A summary for the XIl broad regions (cf. table 2.1) is given in table A2

bel ow
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growh rates

Conpound annual
1975-1980 1980-1985 1985-1990 1990-1995 1995-2000

Table h-*2 Gowh in gross donestic product, estinates and scenari os
(in 1975 prices, in 1975 U. S. $)
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c. Energy

The last part of our macro scene is the energy aspect. For passenger cars,
commercial vehicles tires, rubber etc. the availability and the price of
oil are the nost inportant el ements of the energy aspect.

Ve shall just mention a few sections of the anal ysis where energy nay come
to the forefront.

a - econome growth

- passenger car and commercial vehicl e park

- driving distance and discarding

- driving distance and tire wear

- increased usage of renoul ded tires

- production costs and, thus, prices of SR

- prices and production costs of NR

— Q - ® Q O T

t needs no further clarification that it is very hard to include the energy
aspect accurately into the nodel because

- it is not clear what the relationships are

- it is not clear what the future of energy will be.

For exanpl e, energy availability and price affect GDP growh which in turn

i nfl uence passenger car ownership. But passenger car ownership nay be nore
sensitive to energy (oil) availability than GDP in general. O the other hand,
perhaps driving distance rather than car ownership is affected by oil
availability and price.

Consequent |y, quantifying energy scenarios, as has been done above for GDP,

and then deternining exact relationships with variables |ike driving distance,
seens an inpossible venture. V& shall therefore confine ourselves to qualitatively
nentioning energy (oil) scenarios and assune possi bl e ef fects wherever necessary.
These scenarios may be described along the follow ng |ines:

scenario avai lability price
H | ow hi gh
B2 hi gh | ow

Further details shall be tentatively quantified wherever necessary in the
subsequent chapters and projections. It goes without saying that not al
conbi nations of (OP scenarios A, @ and &G and energy scenarios E and E2
are realistic. B night be conbined with either @ or & and E2 night be
anal yzed together with & or G3.

- 131 -



B I

Bl BLI ORAPHY

Bonus, H (1973): Quasi-Engel curves, diffusion and the ownership of naj or
consuner durabl es, The Journal of Political Econony, vol. 81.

Bos, GGJ. (1970): A Logistic Approach to the denmand for private cars,
Rot t er dam Uni versity Press.

Brens, H (1956): Long run autonobile demand, The Journal of Marketing.

Button, KJ., A S. Fowkes, A D. Pearman (1980): D saggregate and Aggregate
Car Omnership Forecasting in Britain, Transport Research, Vol. 14A

Chow, GC (1957): Demand for autonobiles in the United States, a study in
consuner durabl es, North-Hol | and Publ i shi ng Conpany.

Chow, GC (1960): Satistical demand functions for autorobiles and their
use in forecasting, in A C Harberger (ed.), The demand for durabl e
goods, University of Chicago.

Caner, J.S (1959): Private motoring and the denand for petrol, in Journal
of the Royal Statistical Society, A 3.

Caner, J.S. (1968): Autoverkopen en autopark in Nederl and, 1950- 1970,
Statistica Neerlandica 22, No. 2.

Davis, HT. (1941): The Theory of Econonetrics, Bl oom ngton, Principia Press.

D cks-Mreaux, LA, CS.J.OHerlihy and others (1961): Prospects for the
British Car Industry, National Institute Econom e Review 17.

D ekrmann, A (1974): Future trends in the notor industry, Study prepared for
t he Verband der Autonobilindustrie, Frankfurt.

Econom e Intelligence Unit, Rubber Trends, London, several issues.

Econome Intelligence Unit (1976): Rubber and the Autonotive Industry in
the U K and North America, London.

Econom e and Social Commission for Asia and the Pacific, HP. Smt (1978):
Proj ections of demand for rubber, Bangkok.

Fauré, H (1959): Un nodel e prospectif du narché de 1'autonobil e,
Consommation (Amnales du CRE.D.OC)) .

Qilli, ER, R Helterline, P. Pollak (1978): An econonetrie analysis of the
wor| d rubber econony, Wrld Bank Staff Commodity Paper 3, Washington D C

Qilli, ER, B. Bennett Agostini, MJ. 't Hooft-Wlvaars (1980): The world
rubber econony, Wrld Bank Staff Cccasional Papers 30, John Hopkins
Uni versity Press.

Horowitz, |. (Septenber 1963): An econonetrie analysis of supply and denand in
the synthetic rubber industry, International Econome Review, vol. 4,
No. 3.

| BRD FAO (1978): The world rubber econony: structure, changes, prospects,
Washi ngton D C

- 132 -



B 2

International Road Federation, Wrld Road Statistics, Washington D. C,
several issues.

International Rubber Study Group (1978): Proceedings of the 25th Assenbly,
Washi ngton D. C

International Rubber Study Goup (1979): Proceedings of the 92nd Meeti ng,
London.

International Rubber Study Group (1980): Proceedings of the 26th Assenbly,
Kual a Lunpur .

Jacobson, L. (1973): Car Forecast for Sweden, 1972-1985, Stockhol m National
Institute of Econom e Research.

James, G, R C James (1968): Mathenatics Dictionary, third edition, New York,
Van Nost r and- Rei nhol d Books.

Juster, F.T. and P. Wachtel (1972): Anticipatory and objective nodel s of
dur abl e goods denmand, The American Econom e Review, Vol . 62.

Kroon, E P. (1981): An econonetrie analysis of the discards of passenger cars,
Department of Econom cs, Free Wniversity, Anrsterdam

Lehbert, B. (1962): D e Nachfrage nach Personenkraftwagen in der Bundes-
republ i k Deutschland, Kieler Studién, J.CB. Mhr, Tubi ngen.

Mood, AM, FFA Gaybill and DC Boes (1974): Introduction to the Theory
of Statistics, third edition, MGawH II.

Morice, J. (1957): La demande d' autonobile en France, Librairie Arnand
Colin, Paris.

Nerlove, M (1960): The nmarket denand for durabl e goods: a comrent,
Econonetrica, vol. 28.

Nowi cki, A G (1969): Establishment and devel opnent of autonotive industries
in devel oping countries, part Il of the report and proceedi ngs of a
semnar a- Karlovy Vary.

O'Herlihy, CS.J. (1965): Denmand for cars in Geat Britain, Applied
Statistics, Journal of the Royal Statistical Society, C, vol. 13.

Roos, CF., V. von Szelisky (1939): Factors governing changes in donestic
aut onobi | e denmand, in: The dynam cs of autonobile demand, General Motors
Cor porati on, New YorKk.

Snmit, HP. (1981): Demand and supply of natural rubber, part |, Depart ment
of Econonics, Free University, Ansterdam

Smt, RP. (1975): Consurmer dermand for cars in the USA, Canbridge, Lhiversity
Press.

Stone, R, DA Rowe (1957): The market denmand for durabl e goods, Econoretri ca,
vol . 25.

Stone, R, DA Rowe (1958): Dynamc denmand functions: some econonetrie results,
The Econom e Journal, vol . 68.

- 133 -



B3

Stone, R, DA FRowe (1960): The'durability of consuners' idurable goods,
Econonetrica, vol. 28.

Suits, D.B. (1958): The dermand for new automobiles in the Uhited States
1929- 1956, The Revi ew of Economcs and Statistics, vol. 40.

Ueno, Hroya and Hromchi Mito (1971): A dynam c denand- supply nodel of the
Japanese autonobile industry, 1955-1966: in L.R Kein (ed. ), Essays
in Industrial Econonetrics, vol. 111, Philadel phia, Warton School of
Fi nance and Conmer ce.

United Nations, Annual Bulletin of Transport Statistics for Europe,
several issues.

United Nations, Monthly Bulletin of Statistics, several issues.

United Nations, Statistical Yearbook, several issues.

United Nations Popul ation D vision (6 Cctober 1975): "Single-year popul ation
estinmated and projections for najor areas, regions and countries of the

worl d, 1950-2Q00", ESA/ P/ WP. 56, revised in early 1976.

United Nations Mdtor Vehicle Manufacturers Associ ati on, Mdtor Vehicle Facts
and Fi gures, Washington D.C, several issues.

Vermetten, J.B. (1964): Prognose van het autopark met behul p van een
"diffusion-nodel', Satistica Neerlandi ca 18, 1004.

Wl ker, F.V. (1968): Determnants of autoscrappage, The Revi ew of Econom es
and Statistics.

Wllians, RA (1972): Denand for consurer durabl es: stock adjustmnent nmodel s
and alternative stock adjustnent nodel s and alternative specifications
of stock depletion in Review of Econome Studies.

Wl ff, P. de (1938): The demand for passenger cars in the United States,
Econonetrica, vol. 6.

"Wrld vehicles production and sal es, forecasts to 1985 by maj or country
and manuf acturer" (1975), in Euroeconomcs, Frankfurt.

Wjkoff, F.C (1970): Capital depreciation in the postwar period: Autonobil es,
The Review of Economcs and Statistics.

- 134 -



