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NOWICKI , A. G. - American Economic Association , 
December 30, 1967 - Comments_ 

The paper, just delivered by Messrs Soper and Webb, represents a 

notable step forward in the use of two-factor, two-commodity models. 

Historically, this group of models reflects a pennanent search for 

stable equilibrium. The history of economic thought in the last hundred 

years or so is littered with corps~s of equilibrium models. There is 

fortunately a logic in their disappearance from the major scene, and the 

learning curve of their authors was steep enough. Because they still 

belonged to generations which were learning from the errors of their pre-

decessors, models were gradually becoming more realistic and more policy-

oriented and therefore more useful, on the whole. 

The whole trouble started, probably, with Walras. We are reminded of 

. two of his basic statements, namely. that "if the system is at its equilibrium 

· position, then any arbitrar,y departure from this position generates qynamic 

market forces which bring it back" and 11no matter what the initial position 

from which the system s·tarts, the dynamic working of the market forces 

bring it to its equilibrium position". Walras, while defining a position 

of equilibrium did not supply in i his exchange equations any infonnation as to 

the path by which that position could be reached. 

Von Neumann's concept of equilibrium growth, probably, comes next. It 

establishes conditions for the existence of a path to~mrds equilibrium, and 

same of its characteristics. Then entered Sir Roy Harrod with classical 

Keynesian doubts, pointing out that an economy, once off the path of "golden · 

age" equilibrium growth, cannot automatically return to that path in con-

ditions mainly of laisser-faire, but only through combatting unemployment or 

inflation. Another pridge on the difficult road towards equilibrium was then 

laid by Dorfman, Sarnuelson a..lld Solow, in a shape of a Turnpike theorem. 
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While simpler relative stability models, established previously, considered 

time paths extending indefinitely into the future, the asymptotic property 

of the turnpike theorem was concerned with time paths extending for finite 

time. But, as Sir John Hicks noted, we still do not know how rapid is the 

convergence of the actual optimum to the Turnpike. The actual optimum 

path, being restricted by an initial capital stock, and the far future re

maining largely uncertain, the Turnpike is left still beyond the immediate 

grasp of the policy-makers. 

And, finally, the most recent group of models has been initiated by 

Shinkai and continued by Uzawa, Inada, Takayama and Kurz. While the pre

vious builders had enriched the initial equilibrium models by embelliSh

ments concerning policy measures and the time elements, this last group, 

. following the independent initiatives by Solow and Salter, tried to in

troduce some elements of technology. This was limited, in its first phase·, 

to a condition that the consumption-goods industr.y is always more capital

intensive than the investment-goods industry. But, according to Solow, it 

seems paradoxical that an important property such as stability should depend 

on such a casual property of technology as this. 

Moreover, the stability condition in this group of models depends upon 

two basic relations, namely the elasticit.y of factor substitution of both 

production functions, and the determining influence of the wage-rental ratio. 

The role of both these relations can be easily explained. ~lhenever -the 

elasticity of factor substitution is sufficiently high, the balanced growth 

· path could be regained through the interplay of two movements. As was noted 

by Drandakis, a relative abundance of one of the factors could be accommodated 

by an inter-industry movement towards the industry which uses relatively more 
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or that factor. This also concurs ~dth the Rybczynski theorem. Moreover, 

whenever alternative techniques of production of one or both of the goods 

exist, an intra-industry movement is of additional help. With chang~s in 

the equilibirum prices, a chfL~ge in the factor proportions in the relevant 

industry will occur and, if factor substitutability is high enough, the 

absorption of the relatively abundant factor is ensured with only small 

inter-industrf movements. 

The change in relative prices brings us back, however, to the wage-

rental ratio. Its determining role for equilibrium models was stressed 

strongly by both Sir John Hicks and Robert Solow. Hicks proves that, in a 

two-sector growth equilibira~ model, if wages and the cost of machines are 

fixed in terms of consumption goods, the relative price system is determined 

· before we say anythihg about saving or about the grot-vth rate of the economy, 

given that earnings of the factors must be the same in both industries in 

conditions of equilibrium. Solow, in interpreting the Uzawa model, brings 

in an auctioneer who determines a value for the wage/rental ratio. Since 

each separate industr,y has a corresponding optimal machine/labor ratio and 

since all the machines and all the labor must find employment, the given 

value of a wage/rental ratio determines the division of the labor force 

between the two sectors and thus also the division of machiner.y and the two 

outputs. Both industries make optimal adjustments which yield unit costs; 

the competition takes care of the rest, setting the relative price ratio for 

the two commodities equal to the ratio of unit costs. This is a first equi

librium condition where wage/rental ratio determines relative prices. The 
wL P Y 

sec~nd equilibrium condition requires that - = 2 2 , where Y2 and Y1 are 
rK Pl Yl . 

the outputs defined from the first condition. The conditions together set a 

. , 
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unique relation between the wage/rental ratio and relative commodity prices. 

We approach here the content of Messrs Soper & Webb's paper. Following 

Harrod, the authors felt that the return to equilibrium calls for policy 

measures. The e.xposi tion starts wi. th references to the Phillips curve and, 

although the four panels of Figure 3 deal, independently, with restraints 

on both factors, we can reasonably guess that it is the labor-factor uti

lization which is of main interest to the authors. Moreover, their further 

reference to Gordon's statistical work, showing that prices of capital goods 

have risen faster than prices of consumption goods, seems to reflect, in an 

indirect way, the authors' idea that one of the answers to the return-to

equilibrium problem lies in the change of relative prices. 

This is a formidable question and it has not and could not been exhausted 

in the paper. It is, nonetheless, the only question which deserves to be 

answered. 

The results of a policy decision of this kind, while they may be absorbed 

more or less easily by the model, will almost certainly influence other economic 

variables outside the model. Thus, even in comparative statics, the assump

tions will have to change. We cannot escape from this cybernetical inevi ta

bility, as our world is fatally cybernetical. After having introduced time, 

as well as same elements of technological choice and some elements of policy 

decision into the equilibrium models, one wonders what will come next? 

By introducing more of a time element we can obtain a tenninal path growth 

and a series of gradual adjustments. This appears useful if we consider that 

deviations from equilibrium are always acceptable but should remai. n bounded. 

By introducing more teclmology we may find, following Salter, that changing 

factor prices are liable to influence best-practice techniques. We may also 
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find that the marginal productivities of capital do not rise in the same 

proportion, since the elasticities of marginal productivities with respect 

to capital are not the same in the two sectors. And, as Baumol has proven 

not a long ti.rne ago, an attempt to achieve balanced growth in a world of 

unbalanced productivity must lead to a declining rate of growth relative 

to the rate of growth of the labor force. We will also find how relative 

factor prices decide the degree of outmodedness by changing standards of 

obsolescence. But the latter, in their turn, will influence the produc-

tivity of at least one factor:capital. 

Decisional or instrumental variables must next be considered. One 

wonders where the neutrality of money in models ends. We can assume that 

money is neutral in a static model, but does it remain neutral in compara-

tive statics also? - especially in models like that of Soper and Webb, 

where changes of relative prices are apt to alter the saving rate with all 

the implications that could bring about. 

Finally, could our equilibrium model continue to be of a closed-economy 

type in the contemporary world? 

I used rrry privilege of a discussant in avoiding to question the con-

sistency of the model. It is an excellent paper and it is difficult to 

say much about an excellent paper, after one has called attention to its 

quality. I have tried simply to trace the difficult path which led to its 

appearance and the even more difficult path which leads on from now. 

A. G. Nowicki 
IBRD, Washington, D.C. 
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AUTOMOBILE DE11AND IN DEVELOPING COUNTRIES* 

A. G. Nowicki 

- INTRODUCTION 

This desk study was undertaken to find ~ sound 
approach to the problem of projecting automobile 
demand in developing countries. It surveys demand 
in developed and developing countries, draws attention 
to the difficulties of forecasting demand in developincr 

. d b countnes an suggests that demand projections based · 
on a market saturation conceot should be used in 
developing countries. .Nlarket s~turation, its measure
ment and some of its implications for economic policy 
are outlined. · 

Although only a small proportion pf the popubtion 
in developing countries ov,;ns utomobiles, automobile 
?urchd.~es are irnportJ.nt in the total consumer spend
mg. S111ce su.:h purchases have a very high import 
component, they are usually very much the concern 
?f govemn:ents. Au~omobile industries in 1nost develop
tug couutnes are still at an embryonic stage, but they 
are given high priority, and tariff and other industrial 
policies are frequently based on them. A knowledge 
of automobile O"\.\-nership trends is also necessary in 
planning the supply of joint consumption goods such 
as gasoline, in road use projections, and in other aspects 
of regional and urban planning. 

Forecasting the demand for automobiles is vital to 
the formulation of consumption, production and other 
policies in developing countries, but the forecasting 
methods used in developed countries are inappropriate. 
A new approach suitable to the nature of the demand 
in developing coun~is suggested. 

The . demand for automobiles in highly developed 
countnes such as dte United States is primarily a dernand 
for replacements. Although there is smne additional 
demand for second and third cars and the total demand 
increases, ·w-ith population growth, most families do 
own automobiles. In forecasting demand the existing 
stock of ~utomobil--s is therefore as important as the 
income and price i3ctors. 

In developing countries. car ownership is still increasing, 
the stock of autonwbilcs is small, and repbcement 
purdusC:s are less important than in developed countries. 
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Since the automobile is a status symbol as well as a 
means of locomotion, non-economic factors are also 
important in automobile purchases. The high import 
component of automobiles limits their availability; it 
cannot be assumed, as in developed countries, that an 
ample supply will meet the demand in the long run. 
The comtruction of domestic car m.anufacturing pbnts, 
however, usually raises car prices. Supply is therefore 
a dist~ct factor in determining purchases in developing 
countnes. 

All the factors-non-economic as weli as economic 
and supply as well a~ demand-can be taken into ac
count by focusing attention on the annual expansion 
of the automobile market and on the rate at whicb. it 
becomes saturated at mccessive levels of growth. The 
annual demand by ne\v O\:vners can then be derived; 
it and the replacement estimates are the basis for annual 
total demand estimates. This method indicates the feasi
bility of automobile manufacture in a countrv and the 
~ffects of tar~ff ~nd other tax policies. A new' emphasis 
111 the compiht10n of automobile sta.tistics is necessary. 

In both developing and developed countries, random 
influences disrupt the trends. Because of the importance 
of automobiles in consum.ption and production, many 
of the irregularities in the trends are caused by govern
ment policies. It is particularly important that a govern
ment understands the trends it seeks to disrupt, and the 
effects that its decisions will have. , 

1. AUTOMOBILE DEMAND: A GENERAL VIEW 

The techniques for projecting automobile demand in 
developed countries are based on sophisticated concepts 
of demand, income and prices, and in addition take 
into account problems of. stocks, depreciation and 
replacement which have not yet been absorbed in the 

* The paper 'vas prepared by ·A. G. Nowicki, a member of 
the staff of the Interna.iona1 D:mk for Reconstruction and 
Development, \Vashington, D. C. with the ~lSSistance of Miss 
Suz.u~nc M : SnelL This p:tpcr !"!lay not be _quoted as representing 
the vtew ot th~ ~ank an? affthatcd orgamzations as they do not 
accept respons1bihty for Its accuracy or completl!nC'ss. 

i. 
t 
f, 

i 

i 
i 
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body of conventional economic theory. The data 
required for forecasts are therefore con1plex, but the 
techniques themselves are mathematically sitnple. 

Demand 

Conventionally, consumption demand is a function 
of income and prices, and it is usually divided into a 
normal part pertaining to necessities and a discretionary 
part which covers other expenditure. It is therefore 
the discretionary part that is important in purchases of 
consumer durables, particularly of automobiles. Since 
the discretionary part of the consumption ftmction can 
be postponed, automobile purchases are heavily in
fluenced by business fluctuations. 

While in pure theory detnand is generally regarded 
as depending on price alone or on price and national 
income, in practice other economic and non-economic 
factors come into play and may be as in1portant as, 
or even more important than, price and incon1e. The 
prestige of car ownership is one such factor. 

Demand for trausportatiou alld car ow/lerslzip 

The demand for new passenger cars is distinct fron1 
an individual's demand for transportation or for car 
usage. 'i""he transportation demand can usually be satisfied 
by using an old car for another year, while the demand 
for car usage can be met by purchasing a used car. The 
following factors are therefore important in car pur
chases: 

A purchaser wishes either to obtain possession of a 
car or to exchange his present car for a new one. 
There are probably some differences in the manner 
in which these two groups of consumers behave. 
While the former predominates in developing coun
tries, the latter is the tnost important in developed 
ones. For both groups, however, individual behaviour 
in car purchases belongs to behavioural categories in 
which "possession" is one of the explanatory variables; 
In developed countries where ownership of private 
cars is widespread, the rate of increase in income is 
generally one of the least important variables in the 
demand function. Cars are purchased even without 
increases in income because the autotnobile, like all 
durable goods, is subject to an acceleration effect 
caused by the fact that the service desired is a function 
of income, while the service supplied is a function 
of the existing stock. In developing countries where 
the existing stock of automobiles is small, the influence 
of income changes is likely to be more important; 
A car's service yield can be measured by the price 
a consumer pays for the usc 'bf car for one year, that 
is, the amount by which the car dcprccian ... --s plus the 
interest foregone by holding capital in the car: 

The rate of depreciation is determined by a number 
of £1ctors, the most important being the elasticity 
of the supply of new cars. In periods of limited 

A. G. NOWICKI 

supply, depreciation falls and can even become 
negative. In the United Kingdom, 18-month old 
cars were more expensive than new cars l from 
1940 to 1952. In the United States, annual car 
depreciation was about 9 per cent in 1945 and is 
now about 25 per cent. Low depreciation is typical 
in developing countries where constraints on supply, 
due to balance of payments difficulties arc common; 
they are not common in developed countries; 
The interest foregone depends largely on other 
investment opportunities, and on the monetary 
situation in general. 

In developed countries, depreciation and interest are 
generally not very important, but in developing countries 
they may be a means of preserving the real value of 
one's money. The rapid growth of automobile stocks 
in Brazil, for example, has been stimulated in this way. 

Iucol/le elasticity of substitutive ccroztps 

All classic demand treatises2 postula:e that the income 
elasticity of the market demand for given goods equals 
a weighted average of the demand elasticity in different 
social groups: a change in groups thus leads to changes 
in weights and in average elasticities. With a few excep
tions however, like Engel's Law which it equals in 
simplicity and appropriateness, this theory has not been 
applied to studies of automobile demand in developed 
countries. In any case it does not appear to be a very 
useful concept in automobile studies in developing 
countries, where the automobile purchasing groups 
tend initially to be rather .homogeneous. 

L. D. Taylor3 calculated that habit-linked expenditures 
represent 40 per cent of consumption expenditures in 
Sweden, while H. S. Houthakker 4 places the level at 
60 per cent for the United States. Assuming that these 
calculations suggest the correct order of magnitude for 
the stable component of expenditures, the calculation 
of elasticities for non-habitual expenditures becomes a 
difficult matter; this has been shown in empirical studies.5 
The difference between the income elasticity for food 
and that for car purchases is particularly large. In 
developed countries the former is far below the latter. 
France is probably typical; the income elasticity was 
0.3 for food and 1.47 for car purchases in 1966. In 
developed countries the income elasticity of a com
modity is an increasing function of its· price relative 
to other commodities.6 

However, this concept has little application in develop
ing countries. First, the average elasticity for food is 
still very high in these countries; typical examples of 

t O'Hcrlihy (1965), pp. 2-3. 
2 Wold (1952), p. 119, equation 8 . . 
3 Taylor (1964). 
4 Hourhakkcr and Taylor (1966). 
5 Houthakkcr and Taylor (1967), p. 227. 
6 Houth:1kkcr (1957), p. 542. 
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AUTOMOBILE DEMAND IN DEVELOPlNG COUNTRIES 

income elasticity for food are Brazil 0.795, Ghana 
0.840 and India 0.837. Second, the notion that the 
income elasticity of a commodity is an increasing 

- function of its price relative to other commodities 
probably only applies to a very small group of goods, 
such as the more expensive durable consumer goods 
and housing, which are competitive with automo~i~es. 
The better the bargains offered in these competltlve 
fields, the less consumers may be inclined to spend on 
automobiles, but such considerations n1ay well be 
swamped by the symbolic value of cars in a developing 
society. 

Income 

Personal incorne is the major variable in aggregate 
demand function studies. The national accounts of the 
United States and other developed countries include 
the following classifications of personal income: 

Y1 the disposable income; 
Y2 the ne.t disposable income (Yt minus depreciation 

and subsidies); 
Y3 the disposable income minus investment fmancing 

(business and professional) ; 
Y4 the disposable income minus investment financing 

minus personal consumption. 
Some very incomplete adjustments have shown ·tl..al 

Y4 gives the best results in automobile purchase forecast
ing, but this factor cannot aiways be isolated in the 
accounts of developing countries. 

Most analyses of income as a factor in demand in 
developed countries appear to be based on M. Friedm~n's 
"expected" income, which is defined as a ~ovmg 
average of disposable income, in which current mcomc 
accounts for one third of the total weight, and past 
incou1es are progressively declining weights. The aim 
of this concept is to isolate the share of income pertaining 
to habits. Accordino- to Friedman's income hypotheses, 
current consumptio~ is determined by the "permanent" 
component of income, which changes less rapidly than 
"measured" income. The remaining measured income 
has no influence on current consumption. But since 
Friedman does not regard net investment in durables 
(such as cars) as current consumption, such investment 
may be related to either or both. 

Some authors argue that a continuous habit persistence 
hypothesis is plausible. 7 Others have suggested that 
habits formed during the period of the most recent 
peak in living standards exert a significant influen~e 
on current consumption.8 Under the latter hypothesis, 
consumers attempt to maintain that peak standard of 
living in the f:1ce of falling incomes but arc sluggish 
in adopting higher standards whc~, their inco1Tls_~ ,.£~S · 
above a former peak standard of living. 

7 B~own {1952), pp. 355-371; Klein (1954)., p·. 29l ;. Klein 
. and Goldberger (1955), p. 8. 

8 Modigliani (1949), pp. 371-441; Ducsenbcrry (1949). 
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However useful such notions may be in predicting 
the demand for automobiles in developed economies, 
their analytical value is negligible in developing countries 
with annual per capita incomes below $300. 

The co11cept of the threshold 

Nonetheless, an understanding of the structure of 
personal incomes is necessary to calculate the thres~old 
income at which purchase of a car becomes possible. 
The income relevant to car purchase is household or 
unit income rather than per capita income. The threshold 
depends not only on the amount of disposable income 
spent on essentials but also on: 

The relative saturation of demand for other durable 
goods and housing; 
The introduction of new and cheaper models of 
automobiles ;9 
Factors such as higher investment in roads, increased 
urbanization, industrialization, the development of 
tourism etc. 
J. S. Cramer's pioneering studylO introduced a median 

tolerance income M that indicates the level of income 
(or total expenditure) at which exactly half of all 
households are motorists. Since 1948, the value of M 
(expenditure per attlllllll) in the United Kingdom has 

. ,declined from £2,050 to £1,300". 
M. G. Vangrevelinghe showed that in Fanrce the 

median M fell from FF13,000 in 1956 to FF8,500 in 
1962 (both calculated per atmwn in 1959 prices). It is 
expected to decline further to about FF7 ,000 by 1970. 
The income of car-owning families is higher than the 

· average family income, but the ratio between the two 
is decreasing. ll 

The threshold can be shifted by instalment sales plans. 
In the United Kingdom the lengthening of the contract 
repayment period from two to three years is estimated 
to lead to sales increases of 5 to 10 per cent in the long 
run. In developing countries the effect is even more 
marked. It is estimated that in Argentina a similar 
lengthenino- of the instalment period would increase 
sales by 3S per cent in the long run. Introduction of 
instalment plans transforms automobile purchases from 
a one-payment "lump" expenditure into a divisible 
expenditure and thus moves the threshold income 
downwards. 

Relatio11ship betweetl a,ge of car a11d family i11come 

In the United States the ownership of cars is too 
widespread f,Jr the threshold concept to be o~ val~e 
in projecting car demand. The important relat10ns?1p 
is between the per capita income and the :1ge, operatmg 
and replacement costs of a car. This was demonstrated 

9 An important factor in Italy; see Savino (1954), p. 546. 
10 Cramer (1959), p. 334 . 
11 Ettldcs et Ctmjo11ct11re (1965a), p. 19. 

I 

' t 



76 

in 1954 by M. S. Farrell, 12 who found the length of 
. ownership of cars to be inversely proportional to personal 

income. Families owning one-year-old cars had an 
income of $7,530 while those with seven-year-old 
cars had an income of $2,290. Families without cars had 
an income of $1,729. 

The relationship of the age of cars to income is 
becoming increasingly important in other developed 
countries as car ownership expands. It has application 
to some developing countries like Argentina or Brazil, 
where car ownership is already quite widespread. But 
in most developing countries, it is not yet a major 
factor in the total car market. 

In developing countries the actual expenditure on 
essentials is usually less than in developed countries, b_ut 
the threshold for car purchase may be just as high. 
Because there are so fe"\v second-hand cars on the market, 
they are expensive. The second-hand cars are even 
more expensive when the supply of new cars is limited. 

Social factors may com.plicate the car ownership 
pattern by creating more than one income threshold. 
In South Africa, average Europeans replace their cars 
after three years, while Africans usually buy s~cond
hand cars and keep them as long as 18 years.13 

Personal income and business income 
There is a distinction between the acqms1t1on of 

cars for personal use and for business purposes. In 
developed countries the latter accounts for a small and 
declining proportion of the total use, and car purchases 
are accordingly unresponsive to changes in business 
income. In its long-term forec:~sts for the United King
dom, the National Institute of Economic and Social 
Research has assumed that if business income and 
personal income both increase by 1 per cent in real 
terms, car sales will increase by about 2 per cent; a 
business incon1e increase of 1 per cent will lead to a 
sales increase of 0.5 per cent, while an equal increase 
in personal income ·would lead to an increase of about 
1.5 per cent in car sales. In France about 95 per cent of 
all passenger cars are registered as privately owned, and 
74 per cent of these are used for purposes other than 
business. 

In contrast, business use is important in developing 
countries. Of the 16,280 passenger cars registered in the 
Republic of Korea in 1965, about 11 per cent were 
government vehicles; 55.5 per cent were explicitly 
registered as business cars and only 33.5 per cent for 
personal use, including professional use by doctors etc. 
(See table 1.) This pattern of car usage is fairly typical 
in developing countries. Business activity in the sense 
of commercial transactions rather than economic growth 
is therefore an important variable in the demand for 
cars in developing countries. 

1~ Farrell ( 1954). 
·tJ The Ecvuoti1ist (1967). p. 736. 
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TABLE 1. STOCK OF PASSENGER CARS IN TilE R..EPUBUC OF KOREA 

Passenger carsa 
Ytar 

Businessb Government Private Total 

1952 748 970 731 2,449 
1953 1,031 1,581 1,049 3,661 
1954 1,214 1,814 1,989 5,017 
1955 1,511 2,684 2,361 6,556 
1956 1,423 3,984 3,021 8,428 
1957 1,501 4,300 3,942 9,743 
1958 1,686 4,426 4,654 10,766 
1959 2,129 3,899 6,106 12,134 
1960 1,950 4,224 6,602 12,776 
1961 1,095 1,925 6,789 9,809 
1962 1,374 2,571 7,129 11,074 
1963 1,491 3,322 7,866 12,679 
1964 1,527 4,487 8,572 14,586 
1965 1,649 5,580 9,051 16,280 

Source: Ministry of Transport, Republic of Korea (1966) 1965 Yearbook, 
Seoul. 

'" Figures for the end of the year. 
I> Taxis and minibuses. 

Prices 

For car-owning families, the relevant elasticity is the 
change in the quantity of new cars bought relative to a 
change in the used-car prices. In countries where there 
arc many car owners, this elasticity will probably be 
below unity because a low trade-in price will not deter 
many car owners from replacing their cars. However, 
in developing countries where fewer families own cars, 
a change in used-car prices will influence families more 
strongly, and the elasticity will therefore by quite high. 
On the other hand, if the supply of cars is insufficient 
due to rationing, the elasticity may be near zero. 14 

No matter how· high the prices of used cars rise, families 
will not sell because they cannot buy a replacement. 

A rise or fall in car prices should be compared to the 
price movements of other goods. It has been suggested 
that the income elasticity of a commodity is an increasing 
function of its price relative to other commodities. IS 

This appears to be v:~lid in Italy and Spain. Prices are 
also correlated to stocks, that is, the level of ownership 
of automobiles. In intricate demand functions calculated 
for the United States the price exponent was found 
to be as high as -0.74, indic:~ting that an increase of 
1 per cent in price would induce consumers to reduce 
their replacement purchases by 0.74 per cent.l6 This 
applies only to a minor degree in countries with 
lower car ownership levels where replacements represent 
only a small fraction of sales. (See_ Italy in figure 1.) 

14 Tobin (1932); Tobin and Houthakker (1950/1931). 
15 Bandeen (1957). 
16 Roos and Szelisky (1939), p. 52. This calculation for pre

war United States is confirmed by Chow (1960, p. 149) who 
found a price dasticity of -0.7 for the carl y fifties. 
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Such considerations have little relevance for develop
ing countries. An analysis of marginal price elasticities 
is a pointless exercise when increased or decreased 
import duties tend to alter car prices substantially: . in 
this case there will probably be no response to a pnce 
decrease or increase 'vi thin a 0 to 10 per cent range, 
but beyond this range a sharp response may occur as 
many customers abruptly enter or leave the ~arket ... 

Since prices are also correlated to a car s durabthty 
and costs of operation, an index of durability could 
be used theoretically to convert the price into the 
replacement cost. The durability and costs of opeta~ion 
are indicative of quality and are probably more Im
portant than price alone in car purchases. 

The price elasticity of automobiles is not as high as 
might be expected. because of their durability and 
·because there are other ways to obtain automobile 
transportation than to buy new cars: consum_ers ~an 
keep their existing cars with the cost of repatr btlls; 
obtain replacements from the used-car stocks of dealers; 
or use public transport. 

Stocks, depreciatioll and replacement . 

The simplest regression, where gross investment is 
taken as a linear function of income and initial inventory, 
is also the most satisfactory for countries with a high 
level of car saturation. H. S. f!outhakker and J. Haldi 
calculated this reQTession for four different levels of 
income and stocks in the United States . . Although 
there is some overlap, the four "Engel curves" for 
different levels of initial inventory are on the whole 
clearly separated, gross investment being highest when 
initial inventory is smallest. The regression coefficients 
all have the correct sign and are highly significant. 17 

A correlation between real per capita gross domestic 
product at market p rices and the stock of automobiles 
per 1,000 population is also highly significant for the 
seventeen countries for which data were obtained (see 
figure 1). But only three of these countries-Argentina, 
Mexico and Spain-can be classed as developing coun
tries, and they are relatively advanced. Also, since the 
straio-ht line of r~ession crosses the abscissa at a level 0 b 

of about $300 per capita, almost all developing countries 
are eliminated fron1 the picture. 

In the market mechanism, the existing stocks_ supply 
the trade-in and used-car markets. The prices of used 
cars trade-in allo,vances influence a farnily' s decision 
to replace its car, but they have only a limited effect 
on the total stock o f cars. Only scrapped cars represent 
real replacements, and the increase in stock in any 
year is calculated by subtracting the number of scrapped 
cars from the ne\v registrations. 

Once a certain k vel of ownership is reached, the 
growth in the stock of cars becomes more and rnore 
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Figure 1. Automobile ow11ership and level of economic develop
ment irz 1962. Source: Etudes et Conjoncture {1965b) 

·dampened through the increased number of scrapped 
cars: this can be demonstrated by calculating the changes 
in the ratio of scrapped cars to new registrations. Figure 2 
shows this ratio for four developed countries. In the 
United States the ratio of scrapped cars to new registra
tions has risen from 53 per cent in 1955 to about 70 per 
cent at present.18 The ratio in Europe is much lower. 
Italy is clearly still an "immature" car market despite 
the advances of the last few years; its very low level of 
replacement demand is about one tenth of the total 
in 1965, and replacements have not yet begun to rise. 
The other countries show signs of rapid increases in 
the number of scrapped cars. The United King·dom 
was at Italy's level about ten years ago, but in 1965 
the number of scrapped ca~s was about 42 per cent 
of new registrations. In the Federal Republic of Germany 
the 1965 figure was 35 per cent. In France this ratio is 
about 31 per cent; it is expected to reach 53 per cent 
by 1970.19 

18 The Ecotlomist (1967). 
19 Data of the Institute of Statistics and Economic Studies · 

in Paris. 
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Figure 2. A mmal registration of IICW cars alld replacell/ellt of used cars in the United States, the Federal Republic 
of Germany, the U11ited Kingdo111 and Italy frolll 1956 to 1965. Source: 

The Economist {1967} 

The replacement ratio is also dependent on the average 
life span of a car. The following data show that the 
life span is decreasing: 

Cormtry Year L(fe span 
(years) 

United States 1954 14 
1962-1964 10 

Federal Republic of Germany 1954-1956 13.6 
1960 12.7 

United Kingdom 1965 12 
Sweden 1960 11.5 

Smuce : United States, K. Boulding, "An Application of Productio n A11alysis 
to the Automobile", Kvklos .. Vol.!:!, N o. 2; Sweden, \Vallander, ''Studien i 
Bili.smesru Economi·' : Fedc.-r.al Republic of Germany, .Absterbe-Ordmmgen fu r 
Kraftfaluzeugt, Essen, 1962. 

The decreased life span of passenger cars is caused by: 
The additional dcn1ands o f driving in heavy traffic 
and parking difficulties; 
The shorter technologictl life span of new models 
due to built-in obsolescence; 
Increased obsolescence due to higher living standards. 

The last factor is probably the most important in 
developed countries. In developing countries, poor roads 
and improper maintenance decrease the life span to 
such an extent that there is probably only a small dif
ference in the life span of cars in developed and develop
ing countries. 

Forecastiug methods 

The methods for forecasting automobile demand in 
developed countries can be divided into three categories: 
complex projection methods, less complex projection 
methods and simple projection methods . . 

Complex projection methods involve calculating the 
threshold of access to motorization and the number 
of families with incomes above the threshold. The 
analysis of income distribution ·data is required. When 
these data are known, the underlying mathematics are 
simple. (Sec appendix 1.) 

Less complex projection methods are based on esti
mates derived by least-squares regression. Since both 
the retail price and the number of new cars sold are 
endogenous variables, an estimate by least squares gives 
biased results; nevertheless, the bias is likely to be 
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negligible by comparison with errors in the data. The 
use of elaborate techniques in order to avoid this bias 
is uneconomical. (See appendix L) 

Simple projection methods can be used after estab
lishing the co-variance between automobile demand 
and other leading macro-economic indicators. This 
co-vanance has different values at different levels of 
economic development even among developed countries. 

Figure 3 shows the co-variances (one in absolute 
and another in nurginal terms) of automobile sales 
with such basic indicators as the index of industrial 
production in the United States and also a co-variance 
of new car registration {percentage of car population 
in the previous census) with consumer spending (per
centage increase with constant prices) in the United 
Kingdom. The curves of automobile demand run 

18 

17 

16 

i 
Ill 15 
~ 

"" Ill 
cr 14 

"" u 
"-
~ 13 
w 
m 
:l: 
::> 
z 12 

11 

UNITED KINGDOM: CAR SALES AND REAL CONSUa.tPTION 

I 
I 

I 
I 

" ,/ 
I 

I 

" 

,, 
I ', 
I 
I , , 

I 
I 
I 
I 

I , 

... , 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

C) 
z 
0 

l a:; 
a.. 
"' a: 
w 

2 ~ 
"' z 
0 
u 

10 0 
ltSI lts7 nsa IUt IUO ltll IUZ 1tll IU4 ltiS !til IU7 

z 
0 

~ 
i 
Ill 
w 
;i 
Ill 
cr 

"" u 
"-
0 
0: 
w 
m 
:l: 
::> z 

new registrations as perctmtaga of total numtlerof cors 

percentage of increase in consumer spending 

4.0 

3.5 

3.0 

2.5 

2.0 

1.5 

1.0 

0.5 

UNITED STATES: TOTAL CAR SALES AND FEDERAL RESERVE INDEX 

OF INDUSTRIAL PROOUCTION 

1\ J 

.~ C\'1 \ f' \ 
.. ., I' I 

v }, 1:1 \ 
,', \' I/ \ ' , , 

~ \ ,{ \\ / 
'I ~ 

..... 
0 
0 

II 
120"' 

N 
I 

110 ~ 
o.... 

IOC X 
w 
0 90s 

ao 5 
i= 

70 u 
:::> 
0 

60 0 
a: 
a.. 

0 0 
"" ZO t1 IW D l' ltzS Z5 21 !Ill Zt 30 IIJt n :13 ltU JS Jl 11J7 U IPI 

total null'l!ler of car salts 

indtx of i.ndustriGI production (annual avtrUgeS) 

Figure 3. Relaticmships bettvecn car sales a11d leading indicators 
in the United States mrd tire Cnited Kiugdom. S ource: calwlatcd 
from statistics publisltcd in Gllitcd l\ atioru Statistical Yearbook 
and ;, various issues of tlze Quarterly Economic Review, 

Natioual Institute, L ondon 

79 

almost exactly parallel to those of the above indicators. 
This simply shows that purchases of cars at a certain 
level of development arc subject to the same type of 
business fluctuations as other, more aggregated phenom
ena, although there rna y be a time lag both on the 
uprise, where car sales increase in anticipation of a 
favourable business climate and decline prior to a period 
of business restraint or even a recession. Thus, a 1.5 per 
cent increase in real consumption is preceded by a 12 per 
cent increase in new car registration, while a 4 per cent 
increase in consumption is preceded by a 17 per cent 
jump in car sales. A decrease in the elasticity coefficient 
is the result of various dampening factors, such as an 
increased stock of cars, rising car pnces or a limited 
production. 

Another simple forecasting method is to calculate 
the ratio of expenditure on automobiles to increments 
of income. Table 2 shows this ratio for different per
centages of economic growth in three countries: the 
ratio has a marked upward tendency; in some countries 
a very high "marginal rate of auton1obile consumption" 
-more than 10 percent-is attained at a comparatively 
early stage of economic growth. 

2. AUTOMOBILE DEMAND IN DEVELOPING COUNTRIES 

Structure of i11come 

Brazil Is one of the very few countries where rhe 
pattern of income d_istribution has been taken into 
account in projections of automobile demand. The 
growth of passenger car sales 20 was forecast by means 
of the following equation: 

where 

(1 + r)a 
1+q= {1+p)a-1 

q is the potential rate of growth of automobile 
stocks, 
r the growth of GNP in constant prices, 
p the population growth, 
a the Pareto income distribution coefficient, 
which is the parameter of the income distribution 
curve calculated as the elasticity of the number 
(Y) of income-receiving units, persons or families 
to the lower income limit x, i.e. 

dlog Y 
dlog x 

=-a. 

With the gross national product in constant prices 
growing at 6.1 per cent per annum, population at 2.4 per 

20 Derived from ::111 equation for q in Confcdcra~ao Nacional 
da Industril ( 1960): 

q = (1 + r)a _ 1. 
(1 + p)a-1 
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TABLE 2. fiNANCING NEW AUTOMOBILE PURCHASES FROM INCOME INCREMENTS 

(marginal rate of automobile consumptiotz) 

G NP per 1'Jew cars per Additional income Additional income 
1,000 inlwbitants, 1,000 inhabita11ts per new car spent 011 e.:ch 

1.964 prices new car 

{$) (%) ($) (%) 

(1) (2) (3) (4) 
Italy 

1955 ............. 620,000 3.4 
1%0 ............. 794,000 7.7 

Increment over 1955 ....... .... .. 174,000 4.3 _ 40,500 4.2 

1963 ....... - .. - .. 953,000 18.8 
Increment over 1960 ............ - 159,000 11.1 14,300 11.9 

Spaill 
1955 ............. 350,000 0.6 
1960 ....... - ..... 403,000 1.6 

Increment over 1955 ............. 53,000 1.0 53,000 3.2 

1964 ............. 567,000 4.1 
1966 ............. 645,000 8.8 

Increment over 1964 ............. 78,000 4.7 16,600 10.3 

France 
1955 ..... --- ~·-·· 1,306,000 10.1 
1960 .... . ........ 1,575,000 14.0 --

Increment over 1955 ............. 269,000 3.9 69,000 2.5 
1963 ....... - ..... 1,756,000 21.9 

Increment over 1960 .............. 181,000 7.9 23,000 7.4 

Soura: Author's estimates. 
No~: The percentages of income increments are channelled into purchases of new cars: calculate in column 1 the increase in GNP /1,000 

inhabitants 0\·er a longer period of time and compare it to the increase in registration of new cars per 1,000 inhabitants over the same 
period {column 2). An increment of income per adilicional.D:ew COI;f (column 3) can then be ea~ily established. Finally, given $1,700 as the 
average price for a Eucopean car, the percentage of additional mcome spent on new cars WJll be deterrr.1ned (colunm 4). 

cent and an income distribution coefficient21 of 1.7, 
the growth of car sales can be calculated: 

(1.061)1
•
7 

1 + q = {1.024)0.7 = 1.087. 

The annual sales are calculated front the difference 
between the potential stocks of the preceding and current 
years. Brazilian forecasters add to the annual sales the 
number of velllcles needed to replace the existing stock. 
It has been estimated that the average life of passenger 
cars is about 20 years. If the ages were equally distributed ~ 
from one to twenty, annual replacements would have 
to be 5 per cent of the stock. However, life-span data 
are lacking in Brazil. The estimate of s·crapped cars is 
2.2 per cent of the stock and sales were 10.2 per cent. 
Thus, replacement sales amounted to only one fifth 
of the total sales; the remainder represents purchases 
by new buyers who crossed the income threshold. 

Mter the rate of scrapped cars has been established, 
the average car life and the annual rate of growth of 

21 Parameter a has been estimated for Brazil {LOeb and 
Kingston, 1958). The "normal level" is generally considered to 
be 1.5 (Davis, 19-U, p. 2). 

car stocks can be included in one formula; tlus exercise 
is too lengthy and complex for this paper. 

Argentine data illustrate the influence of income 
distribution on autmnobile sales. Data were obtained 
in an investigation of the distribution of expenditures 
among urban families according to the annual family 
income. Early in 1963, 454 family units were selected 
by standard random-sampling techniques in Argentine 
cities with populations larger than 10,000; they were 
interviewed in detail. The results indicate that the upper 
28 per cent of family units (annual income early in 
1963 of over 275,000 pesos or $2,000) were responsible 
for . more than one half of all expenditures on durable 
goods in 1962. The upper 46 per cent of all family 
units (annual income above 200,000 pesos or $1,500) 
purchased more than three fifths of all durable goods 
in 1962. 

Automobiles account for almost one half of all family 
expenditures on durable goods. Expenditures for cars 
are even more heav;ly concentrated than for furs and 
jewellery: the top quartile of the sample (income over 
$2,000) accounts for almost 90 per cent of all automobile 
purchases. The inclusion of £-unilies in the Sl ,500 to 
$2,000 income bracket adds a mere 4 per cent to this 
concentration. Purchases of other durable goods such 

. I 
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as refrigerators, washing machines and television sets 
are much less concentrated: here, the upper-income 
quartile accounts for no more than one fourth to one 
third of the total. 

A similar relationship was found by L. R. Klein 
for developed countries with little or no expenditures 
at low income levels. Expenditures rose somewhat 
faster than the linear rate with increases in income in the 
low-income group, but thereafter the relationship 
becomes essentially linear. 

Strudure of automobile stocks 

Colombian projections of automobile demand are 
not based upon any mathematical model but are derived 
from observations of the past. 22 From 1950 to 1955 
the rate of growth of automobile sales was as high as 
22 per cent per annum, but from 1958 to 1962 it had 
fallen to 8.3 per cent. 

The elasticity of new car sales to the growth of gross 
domestic product per capita fell from 4.0 from 1950 
to 1962 to 2.4 from. 1954 to 1962. If the latter elasticity 
is applied to an expected GDP growth of 5.6 per cent 
per annum and a population increase of 3.1 per cent per 
annum, new sales should grow at a rate of 9 per cetl t 
per annum in the next few ye rs. The average income 
elasticity of car sales in all of Latin America was about 
1.7 in the late fifties.23 

To the predicted figure of new car sales, Colombian 
forecasters also add a number of cars for replacement 
of scrapped cars. This estimate is far higher than for 
Brazil, for while it is based on the same 20-year life 
of a rassenger car, it assumes that as much as 5 per cent 
of the total existing stock will be replaced annually. 
This estimate of the rate of replacement is clearly too 
high, for it implies that over 40 per cent of new car 
purchases are replacements of scrapped cars. The 1965 
figures for Italy and France were 10 per cent and 31 per 
cent respectively. It would appear that lack of informa
tion about the actual composition of the car stocks has 
led to a considerable error. 

Figure 4 compares the age structures of automobile 
stocks in Colombia and the United States. 24 The distribu
tion curve for the United States is very regubr; it in
creases from 2 per cent of the total for cars manufactured 
in 1953 to 13 per cent for cars manufactured in 1964. 
The distribution curve for Colombia is very uneven. 
Car vintages whose share in the total is disproportionately 
high correspond to years when import restrictions were 
relaxed and a backlog of accumulated demand could 

22 Banco de b Republica (1966). 
23 Gomez and Ruiz (1958). 
24 See also Lewin (1967), p. 742. 
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Figure 4. Distribution of the total number of cars in Colombia 
(mid-1965) and in the United States {end of 1964) according 
to the year of manufacture. Source: Lewin {1967), p. 742 

be satisfied. In 1966 import licenses were issued more 
freely and more quickly than in 1965, and the total 
number of cars imported therefore rose from 1,825 
during January to September 1965 to 7,401 during 
January to September 1966.25 

Figure 4 shows that the 1957 to 1960 vintage auto
mobiles account for only 1 per cent of the total for 
each of these years. If we assume that the life of a car 
is 20 years, sales in 1977 and replacements during 1977 
. to 1980 would be very small. But as almost 20 per 
cent of all cars (in 1965 the total stock was about 250,000 
cars) were of 1961 vintage, in 1981 replacement demand 
would theoretically jump suddenly to 50,000 new cars 
and then fall again abruptly in 1982. The real saturation 
will undoubtedly reflect modifications of these trends, 
for the life of a car is not uniformly fixed at 20 years. 
At the same time, this example illustrates the need for 
a clear-cut government policy on car sales and also for 
a detailed knowledge of the structure of car stocks. 

In the Republic of Korea, too, the car age structure 
is uneven, and forecasters take into account the volume 
of business purchases of passenger cars. (See table 3.) 
They assume tha~ the growth of business car ownership 
is influenced not as much by income and price move
ments as by increasing demand for transport services 
as distinct from ownership. This demand is unlikely to 
be satisfied without an upward move in incomes, but 
the link between the two factors is not very clear. The 
rate of urbanization and other related factors may 
also be important. The forecast of growth in automobile 
purchases was therefore derived from a forecast of 
passenger transport based on highway improvements 

2S International Monetary Fund (1 %7). 
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and on the relationship between the growth of the gross 
material product and the increase in transport flows.26 

TABlE 3. AGE STRUCTURE OF PASSENGER CARS IN THE REPUBLIC OF 

KoREA 
PMsenger cars M inibuses 

Y~ar of manufacture 
Numbn % Number % 

Before 1945 1,545 14.3 58 1.9 
Between 1946 

and 1950 398 3.7 196 6.5 
1951 210 1.9 3 0.1 
1952 113 1.0 3 0.1 
1953 360 3.3 7 0.2 
1954 490 4.5 7 0.2 
1955 1,358 12.6 11 0.5 
1956 207 1.9 14 0.6· 
1957 216 2.0 62 2:1 
1958 1,530 14.2 103 3.4 
1959 352 3.3 16 0.5 
1960 223 2.1 7 0.2 
1961 209 1.9 12 0.4 
1962 1,528 14.1 1,991 66.4 
1963 1,745 16.2 207 6.9 
1964 4 

••••• 327 3.0 300 10.0 ---
Total 10,811 100.0 2,997 100.0 

Source: Ministry of Transport. Republic of Korea (1966) 1965 Yearbook, 
Seoul. · 

• First quarter of 1964. 

In !'Aorocco, car ownership has shifted from French 
to Moroccan nationals. Moroccan car statistics give 
both the age of registered automobiles and the nationality 
of the owners. 

CAR OWNERSHIP IN MOROCCO 

Percentage of cars less than 

10 years old ..........•.... 
Ownership of cars 

by nationality: 

Moroccan nationals . .. .. .. . 
French nationals . ........ . 
Spanish nationals ......... . 
Others ... . ............ . . . 

Total French n:1tionals 

1957 

43,437 
64,852 

3,431 
6,691 

residing in Morocco . . . . . . . 450,000 

1963 1964 

Per cet1t 

54.5 57.2 

Vehicles 

110,441 
53,195 
12,470 
16,302 

121,414 
50,410 
12,590 
13,000 

120,000 

Source : .\!arches Tropicaux eJ Mediterraniens (1966) February 22, p. 638. 

26 Korea transportatio11 st rvey, Seoul, June 2, 1966, Ch:1ptcr Ill, 
p. 25. It is worth mentioning that although the Trmsportation 
Mission, which \vas financed by IBRD. consisted of more than 
ten prominent experts from four kading European consulting 
org:lniz:ttions, no rigorous model was used to project the increase 
in automobile demand. The Mission's conclusions were that: 
"The future use of private cars will be stimulat~d by the improve
ment of Korean high·ways :md, as soon as import restrictions 
are removed or lessened the number of cars \'l.·ill increase. There
fore the past trend docs not give good indications for future 
transport. The Mission adopted, arbitr::~rily , an annual growth 
rate of 16% for transport by private cars." 

A. G. NOWICKI 

From these figures , it would appear that the large 
increase in the number of car-owning Moroccans was 
connected to an upw~rd shift in the age structure of 
the cars, which they had acquired from departing 
French residents. 

The relative! y small new additions to the total stock 
in recent years (5 per cent per alllllllll) support this view. 
It seems likely that these additions · consisted mostly of 
replacements by French residents ~nd also by a small 
number of Moroccans in high-income groups. The 
French nationals there in 1964 on the whole received 
higher average incomes than those who were living 
in Morocco in 1957; this undoubtedly accounts for a 
rise in ownership among French nationals from one in 
seven persons in 1957 to one in 2.4 in 1964. While the 
more affluent French nationals probably replaced cars 
more rapidly than they did in 1957, the average Moroccan 
purchased a car from a French national but never can 

. buy a replacement for it. In any case, forecasts of auto
mobile purchases in Morocco must take into considera
tion the age structure of the automobile stock and the 
mcome sources and future intentions of the French 
community. 

Restricted automobile supply 

In developing countries. it cannot be assumed that 
the supply of automobiles will meet demand at market 
prices. Governments m;q limit car imports to conserve 
foreign exchange, restrict local production in favour 
of other goods and ration the available cars to prevent 
profiteering by importers and local manufacturers. 

Tunisia illustrates tllis point. As in Morocco, the 
demand for new automobiles diminished with the 
departure of French nationals; imports fell from 4,157 
automobiles in 1955 to 2,903 in 1960. ·But in 1963 
car imports were restricted to 1,700 units a year as part 
of a strict austerity policy (actual imports were 1,710 
in 1963 and 1,774 in 1964). Post-independence registra
tions in Tunisia cannot thus be regarded as an indication 
of demand. 

Countries which levy high import or sales taxes in 
order to restrict demand all face the same problem: if 
these taxes were reduced, demand will presumably rise 
rapidly as the income threshold at which purchasers 
enter the market is lowered. In the absence of price 
elasticity studies, this threshold is difficult to forecast.
Attempts to evaluate price elasticity from hypothetical 
price changes arc notoriously diffi~ult exercises. 

3. FORECASTING AUTOMOBILE DEMAND 

IN DEVELOPING COUNTRIES 

The forecastin g technique~ applied in highly developed 
countries are not suitable for developing countries not 
so much because of the lack of pertinent statistics 
but rather because the structure of automobile demand 
is so different. The structure of the market suggests a 
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forecasting approach based on a concept of growing 
markets, which, in turn, indicates the necessary statistics. 
Once the principal market trends are established, the 
effects of changes in government policies can be con
sidered. 

A model of automobile markets in developi11g countries 

In all developing countries car owners and purchasers 
are rich people by local standards, and a car is a luxury 
purchase. This is particularly true of initial car purchases 
in a developing country by the very affluent, by large 
business enterprises and by government authorities, so 
that prices tend to be alm.ost irrelevant. Large luxury 
cars are purchased, and the saturation of these groups 
of consumers is very high. 

As cars become more familiar and the road network 
improves, new and larger purchasing groups enter the 
market. Their exact nature and size depend on a country's 
particular characteristics, but they have some general 
features in common. There are additional purchases by 
government authorities and business enterprises, but 
most of the purchasers are owners of businesses (either 
for personal or business use), high-ranking government 
officials, business executives and professional men. As 
car ownership progresses downward from the very 
hig~1 to the moderately-high income group, the price 
becomes a more important factor. Both price elasticity 
and income elasticity rise. Smaller cars whose upkeep 
will entail less expense are bought. Changes in car 
prices and income levels produce a greater effect. As 
the income threshold below which a car cannot be 
bought is approached, and the amount of discretionary 
income available to the consumer diminishes, the pro
portion of car owners in each income group also falls. 27 

But the numbers in each successive lower-income group 
are increasing, and car saturation therefore usually 
continues to grow at an increasing rate until shortly 
before the income threshold is reached; then it begins 
to decline sharply. (See table 4.) 

TABLE 4. UNITED KINGDOM CAR OWNERSillP BY INCOME UNITS 

IN 1953 

Gross income of 
income unit 

(£) 

0-99 
100-199 
200-299 
300-399 
400-499 
500-599 
600-699 
700-799 
800-999 

1,000-1,499 
1,500-1,999 
2,000 and ewer 

Souru: Kkin (1 955}, p. 410. 

Car-olvni11g 
income units 

(%) 

1.4 
0.3 
3.3 
5.1 
7.4 

10.2 
16.8 
28.9 
30.2 
51.5 
60.3 
75.4 

27 This concept is illustrated by Klein (1955), p. 410, in a 
table reproduced here as table 4. 
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As the threshold is reached the market ceases to expand 
to new, lower-income groups. Unless there is a substantial 
change in the ratio of car prices to incomes, further 
sales to new customers will depend on: 

Increased ownership saturation within existing groups 
of consumers; 
Additions to the higher-income groups as a result of 
population growth; 
Improving levels of income with the result that new 
groups cross the threshold; 
Sales of second and third cars to income units already 
owning one car. 

The basic determinant of the income threshold for 
car ownership is the relationship of car prices (including 
black market prices in conditions of restricted supply) 
to income, but social habits are also important. The 
degree to which cars are regarded as symbols of social 
and economic status influences the extent to which 
consumers will purchase them rather than save the 
money and prefer them instead of other goods and 
services. In general, patterns of car ownership tend to 
include owners of medium-sized businesses and pro
fessional workers but not clerks, blue-collar workers 
and farmers. The car market in developing countries 
is thus clearly not a mass market; a country with signs 
of a mass consumption pattern of cars is becoming a 
developed country. 

Supply factors influence the rate of market penetration 
in developing countries. When the supply of cars is 
limited, countries sometimes ration the supply of cars, 
but more often they adopt indirect methods such as 
sales taxes, import controls and tariffs, and local pro
duction schedules: all these tend to raise the income 
threshold for car purchase. 28 

Gasoline, service and sales facilities, and roads are 
also of importance in this connexion. In developing 
countries cars are concentrated in cities partly because 
this is where the high-income groups live, but also 

. partly because cities have roads (ill-kept and congested 
though they may be). Service facilities expand wherever 
cars are concentrated and so does sales pressure; this is 
particularly true of instalment plans which help to 
lower the income threshold. Service facilities also develop 
after the first impact of car ownership, since the tendency 
is for the rate of car purchases to accelerate. 

The attention of international car manufacturers is 
attracted as car ownership grows. Those already market
ing cars in the country increase their efforts, and others 
become interested in the new market so that sales 
facilities nmltiply. The stimulus of expanding sales 
leads to the formulation of government policies on 
local assembly and m~mufacturc, particularly if there are 
pressing problems of balance of payments, while the 

28 Baranson (1969) demonstrates how local production raises 
car prices. 
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large international companies exert even greater efforts 
to come in "on the ground floor". 

The lack of alternative transport and other services 
tends to increase the pressure to purchase cars, and in 
particular accounts for the high volume of business 
purchases of cars in developing countries. To a certain 
extent these purchases represent "fringe benefits" to 
business and government executives. This is probably 
more important than in developed countries, but in 
developing countries businesses frequently have a greater 
need for cars and other transport and communications 
facilities than in developed countries. In countries where 
telephones are a rarity, cars are frequently sent with 
simple business messages ordinarily transmitted by 
telephone in developed countries, although this is at 
high cost to the enterprise and adds to the already 
serious traffic congestion. 

The business reasons for car ownership tend to be 
most pressing in periods of rapid economic growth, 
particularly booms in industrialization; such periods 
also coincide with a rapidly increasing personal demand 
for cars. However, as the supply of telephones increases, 
the rate of growth in the demand for business cars 
tends to decline. The lack of public transport in some 
cases extends car ownership - t:o 1erical and blue-collar 
workers who purchase cars -one the instalment plan in 
order to travel to work and cover the cost by carrying 
fellow employees. 

Both demand and supply factors therefore tend to 
impose a three-stage pattern in the growth of car satura
tion in a developing country. The first stage is a period 
of slow growth as cars are introduced in the country 
through purchases by the ·wealthy: sales and service 
facilities are expanded; roads are built. The second stage 
is a period of rapid growth when car ownership is a 
reality to a very high proportion of income earners 
from the wealthy down to the income threshold for 
car ownership: cars become readily available; business 
demand for cars is high; the road network is expanded. 
In the third stage th~re is a much reduced rate of growth 
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Figure 5. A model wrve of tlze saturation of the market for 
automobiles itt a developiug coullfry 

A. G. NOWICKI 

after the principal market has been established and 
saturated; sales depend on additions to the upper
income groups and on car replacements (figure 5). 

The model curve in figure 5 focuses attention on the 
saturation of the car market and on new car sales in 
the early stages of car market growth when replacements 
are negligible. As the market progresses towards satura
tion, replacements become an important factor and have 
to be taken into account. Ultimately, as a country's 
economy develops and car ownership becomes wide
spread, replacements swamp purchases by new con
sumers. Therefore forecasting methods must be based 
on replacement models. 

Calculating the demand Jor automobiles 
itt developing cou11tries 

A three-stage growth pattern with a slow build-up, 
a steeply accelerating middle slope and a decelerating 
approach to an upper asymptote is a familiar economic 
phenomenon that is usually described in mathematical 
terms as an S-shaped growth function. H. T. Davis29 
fitted a logistic function to the growth of automobile 
production in the United States between 1913 and 1927 
and extrapolated the curve to 1939 to indicate the 
extent of overproduction in 1929 and underproduction 
from 1930 to 1936. The expected production rate was 
again attained in 1937. 

The logistic curve is obtained from t!le function: 30 

k 
y = 1 + ea + bx where b < 0. 

At first sight, fitting and S-shaped curve to past 
new-car sales in a developing country and extrapolating 
future sales would appear to be the most logical fore
casting method, but there are difficulties in its application. 
The model suggesting this approach is best applicable 
in the early stages of a car market, for at this point 
there are not enough data from which to extrapolate 
future trends with confidence. By the time data are 
available, replacement sales are swamping new sales 
and other forecasting methods arc more appropriate. 
The fact that new-car sales data are not usually available 
for developing countries is an added, though minor, 
complication. In most cases they can be calculated from 
import and local production figures. 

A more complex forecasting alternative is to convert 
the model of market expansion into an S-shaped curve 
by estimating the constants. The model of car saturation 
lends itself best to this approach because reasonable 
saturation prospects are not too difficult to estimate. 
Sales to new consumers can be calculated once the 
saturation path is plotted, and additional sales due to 

29 Davis (1941), pp. 210-211. Davis followed Kuznets (1930), 
who showed the appropriateness of the logistic function to the 
growth of product demand by fitting it to some SO series. 

30 James and James (196H), p. 223. 
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multiple ownership and replacement can be estimated 
separately and added. Experience with consumer durable 
saturation suggests that the best fit is likely to be obtained 
with the Gompertz curve which has the following 
function: 

log}'= log k + (log a) bx, 
or y = kabx, 
where 0 < a < 1, 

O<b<l. 
At x = 0, y = ka, and as x approaches infinity, y ap
proaches k. The increments in y as x increases are such 
that the differences in the increments of log y are pro
portional to the corresponding differences in logy. 31 

This curve generally provides a better fit for car saturation 
than the logistic curve because the inflexion point appears 
earlier and is also somewhat sharper. 

A Gompertz curve can be calculated from reasonable 
assumptions about the values of the upper asymptote 
and inflexion point, the tin1.e taken to reach them and 
the initial saturation. The initial saturation can be esti
mated quite arbitrarily since it has relatively little in
fluence on the shape of the curve. Taking the number 
of families in a country as an approximation of the 
income units, it can be assumed that at the beginning 
of the growth of the car market, saturation will be 
0.1 per cent of all families. The inflexio~ point and the 
time taken to reach it are the critical values; they can 
be estimated by observing the development patterns 
of car sales and stocks. In Argentina and Thailand, 
the inflexion point was reached about 1956 (figure 6). 
The asymptote can be estimated from the income 
threshold for car purchases in a country at current 
prices, the likely saturation of the market which has 
evolved from this threshold and the time needed to 
reach this level of saturation. The number of families 
above the threshold and their ultimate "car saturation" 
as a proportion of the total number of families will 
not vary greatly among developing countries at similar 
stages of developn1.ent, but the number of years to reach 
the saturation point will vary. A rapidly developing 
country will require much less time to reach this point 
than a struggling one. Once the pattern of saturation is 
calculated, annual den1.and can be derived, and the growth 
of car stocks cumulated; replacement demand must of 
course be added. 

Separate saturation models can be constructed for 
second-car ownership and for business o"\vnership, and 
annual sales can then be derived for this component of 
demand and added to personal demand. This inay be 
worth-while in countries where business demand for 
cars is an important component of total demand, but 
otherwise simpler projections based on past sales will 
suffice. The demand for second cars is generally too 
small to warrant much attention. 

Jt Ibid .• p. 163. 
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Figt~re 6. Supply and annual demaud for passenger cars in
Argentina and Thailmzd from 1948 to 1966. Source: calculated 
fronz data in United Natiofls Statistical Year book and data in 

natioual atllzual trade statistics 

Major shifts in in~omes, car prices or social habits 
will, of course, affect saturation by shifting its path 
to a new curve; these shifts must consequently be 
incorporated in current forecasts. The saturation pattern 
will also be influenced by short-term fluctuations in 
business conditions, changes in the tnoney market and 
other factors which may accelerate or postpone the 
decision to purchase a car. Because of the prestige 
attached to the possession of a car and also its intrinsic 
value, such fluctuations are, however, unlikely to affect 
the long-term saturation pattern to any major extent. 

The degree to which the techniques outlined can be 
used in formal econometric models will largely depend 
on the statistical information available. The income 
threshold for car purchases is always difficult to estimate. 
The data on income distribution in developing countries 
are too incomplete to calculate the number of income 
units above the threshold. In the early stages annual 
stock increments can be regarded as new-car sales if 
stock figures are available. for the number of scrapped 
cars will be negligible. The number of new-car sales 
can usually be calculated by adding imports and local 
production; it can serve as a check on stock figures 
and also as a basis for scrapped car estinutes (see ta hie 5 
for data on selected countries for which annual figures 
were calculated if not available). 
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The saturation approach to forecasting strengthens 
the argument for nwre precise car statistics similar to 
those published for developed countries. The tendency 
to publish statistics only of stocks rather than annual 
sales as well as stocks has been encouraged by the United 
Nations Statistical Yearbook which gives only the 
former. 32 One hesitates to add to the burdens of statisti
cians in developing countries by suggesting the publica
tion of new series, but annual car sales figures are essential 
to accurately forecast the demand for cars, because they 
provide the basis for reasonably sound scrapped car 
estimates. They are, n1oreover, easy to collect: consult 
the car registration files and separate the new registrations 
from the re-registrations. There is a case for classifying 
the registrations according to the type or size of car. 
The market for cars can be regarded as the sum of the 
markets for all the various types of cars; this can also 
be usefully incorporated in forecasts. In developed 
countries car manufacturers find the monthly publication 
of new car registrations according to the type of car 
a very useful aid in production planning. The United 

A. G. NOWICKI 

Implications for policy 
The general pattern of the market for cars is relevant 

to the formulation of certain government policies in 
developing countries. Initially, annual sales are usually 
more important, but the growth in the stock of cars 
is also a significant factor in economic policies and 
plans. 

As car saturation begins to grow, governments 
generally become aware that car sales can be revenue 
earners either through import duties or sales taxes. Once 
the demand of wealthy private persons, government 
officials and business executives is satisfied, duties and 
taxes will retard the rate of saturation and raise the 
income threshold which constitutes the basis of the 
market and thus reduce the extent of the market. If 
governments wish to reduce spending on luxuries as 
well as to raise revenue, this policy should be adopted. 

Countries with balance-of-payment difficulties fre
quently try to restrict car imports. The market saturation 
pattern suggests that in the early stages high duties or 
taxes are not likely to be a very effective means of 

TABLE 5. ANNUAL DEMAND FOR CARS IN SELECTED COUNTRIES 

(1,000 cars) 

Country 

Argentina 

Production and assembly 
Imports 

Colombia 

Assembly 
Imports 

Morocco 

New registrations 

Thaila11d 

New registrations 

19-18 1950 

7.4 1.9 

7.4 1.9 

6.2 6.4 

6.2 6.4 

1952 1954 1956 

2.3 4.6 . 11.2 

1.5 2.3 
2.3 3.1 8.9 

5.0 16.7 2.0 

5.0 16.7 2.0 

1.4 

1958 1960 1962 1964 1966 1967 

35.7 48.2 96.0 119.5 

20.7 45.1 93.9 119.0 
15.0 3.1 2.1 0.5 

0.6 6.8 6.2 4.0 
-
2.0 0.9 

0.6 6.8 4.2 3.1 

8.2 6.7 10.2 

2.6 12.1 6.2 11.0 

Source: For Argentina and Colombia, production and assembly figures come from United Nations Statistical Yearbook, and imports from country annual trade 
statistics. For Morocco, registrations beginning in 196-1- are published in the Bulletin Mens11el de Statistique, Service Central des Statistiques. Thailand publishes new 
registrations after 1964 in the Quarterly Brtlldin of Statistics issued by the National Statistical Office. 

Nations Statistical Yearbook might therefore publish 
new registrations as well as stocks and thus encourage 
countries to provide more precise annuat new-registra
tion data. 

Some countries in the initial stages of car saturation 
have neither the statistics nor the need for elaborate 
econometric forecasts. The concept of changing slopes 
of growth and of the saturation asymptote associated 
with an income threshold can nevertheless help them 
to formulate car policies. 

32 Stock figures ;re given in the United Nations Statisti.cal 
Yearb(loks, Transport, "'Motor Vehicles in Us.e", by country, 
year and passenger as compared ,..,·ith commercial vehicles. 
Production fi~urcs, including the number of tlrms and domestic 
content, arc given in lhranson (1969), table 12. p. 79, 'Manu
facturing and assembly operation in developing countries by 
regions, 1965". 

restricting dem.and, but that they nevertheless become 
increasingly effective as successively lower mcome 
groups become consumers. 

Import restrictions will reduce demand to the required 
level if they are strictly enforced. But unless they are 
accompanied by stringent rationing, a bhck market in 
cars will develop under the pressure of unsatisfied 
demand. Such black market prices are likely to fall 
with the increase in saturation and the new demand of 
lower-income groups. V cry high tariffs or sales taxes 
will have the same efrcct as restrictions in reducing the 
nun1ber of imported cars and will probably channel 
them to the same consumers who woulJ otherwise 
purchase cars in the bbck market. Therefore, high 
tariffs and s:lics taxes arc preferable because they do not 
encourage disregard for bws. 
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. The economies of scale in the automobile industry 
are so great that car assembly and manufacture can 
begin spontaneously only in very brge, relatively 
prosperous developing countries or in those which serve 
as distribution centres for a region. For most developing 
countries the establishment of an automobile industry 
involves a deliberate government choice which must be 
supported by appropriate policies. 

There are various options available in the establish
ment of an automobile industry; the size of the domestic 
market is one of the most important factors to be taken 
into account. Despite the complexity of the problem, 
some general rules can be stated: 

The domestic market for autom.obiles in a developing 
country will tend to stabilize as saturation approaches 
the asymptote; this is the annual level of demand 
at which local production plans can aim. A danger in 
planning local production arises out of the tendency 
to regard the upswing-particularly in its last, most 
steeply accelerating phase just before it begins to 
decline-as a linear demand trend, and then extrapolate 
future demand and production fron1 it; 
The estimate of annual domestic demand as the 
saturation level is approached should indicate whether 
a country should encourage the estabtis.bmt:'nt of an 
automobile industry unless there are ·'-exc-eptionally 
good prospects for exports-. If the annual demand 
appears to be large enough, then the country still 
must decide whether it should n1.erely encourage the 
assembly of knocked-down cars or ultimately aim 
at the manufacture of car parts. If the latter alternative 
is chosen, then the percentage of car components 
which can be manufactured economically for a given 
market must be determined; 
The scale of the market and the type of manufacturin~ 
activity chosen will determine the number of economi~ 
manufacturing units. Since economies of scale ~row 
with the backward integration of automobile 

0 

pro
duction from assen1bly to manufacture, and since car 
manufacturers tend to integrate their production back
wards for fear that the component suppliers will 
build up a monopoly, a country which only envisages 
assembly can safely encourage wider entry into the 
industry as compared with one whose ultimate ob
jective is the entire car manufacturing process. Ex
perience in developing countries suggests that it is 
difficult to restrict entry into manufacturing after 
several assemblers have been permitted to enter a 
country. 

The establishment of a local car manufacturing in
dustry raises the cost of cars. While it is now well 
established that inexperience and other factors con
tribute to high costs, the principal cause is the bck of 
economics of scale. 33 This ist not simply due to limited 
markets but also to market fragmentation by a relatively 
large number of production units. In an industry highly 
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subject to increasing returns to scale, classical arguments 
for competition do not hold. The choice in any case 
is not between monopoly/duopoly and competition, 
but between monopoly/duopoly and oligopoly, and the 
latter, which is characteristic of car production in de
veloping countries, is probably an independent and 
additional cause of high prices. A monopoly with a 
technically efficient production structure can ultimately 
be exposed to competition from imports; if, however, 
there are several production units, this will not be 
possible. 

The importance of high car prices in developing 
countries is directly related to the problem of economies 
of scale in production. By raising the income threshold 
for car purchase, increased prices reduce the total size 
of the market, lower the saturation level and shorten the 
time to reach saturation. This reduces the scale of pro
duction in the period during which the industry is 
being established and also lowers the ultimate produc
tion level. 

Sales taxes have a similar effect. Governments which 
are trying to encourage the growth of an economic 
local car manufacturing industry should not a the same 
time regard cars as a luxury item which must be taxed 
at high rates. They are more likely ,to increase their 
revenues by taxing the industry itself, particularly if 
they do not dissipate such revenues in unnecessary 
concessions to manufacturers. . 

The scale of the market should be used as a yardstick 
to evaluate the need for incentives for car manufacturers. 
A forecast of a prorrusmg market is an incentive in 

·itself and may obviate the need for direct incentives 
such as taxation concessions. On the other hand, manu
facturers can receive extremely high incentives, either 
directly through taxation concessions or indirectly 
through high tariffs and favourable exchange rates, 
or even all three; yet none will be effective in establishing 
an economic automobile manufacturing industry if the 
prospective market is small. 

Protective measures are likely to be necessary in 
developing countries, even in pr01msmg markets, to 
overcome the inevitable problems of the infant industry, 
but the pattern of saturation suggests that subsidies, 
provided that they are viable in other respects, may be 
better than tariffs. Subsidies are also easier to abolish 
after the market l~vels off towards sattiration. 

The short-term effects of fiscal and other government 
policies which temporarily change the relation between 
price and income will depend on the degree of market 
saturation. In the early stages when price and income 
elasticity is low, these effects are not likely to be very 

. marked; as the fmal saturation level is approached, 

33 Baranson (1969) demonstrates this and also shows that the 
addition_al p~oduction cost rises with the perccnt:~ge of total 
productton m the developing country: in this connexion, it 
should .be remcmbc:cd that economics of scale are an important 
f:lctor m the . manubcturc of complex components. 
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however, demand will be extremely sensitive to ~uch 
measures. However, to the extent that such changes are 
transitory, they will merely result in a temporary damp
ening or acceleration of the saturation pattern. After 
a period of business restraint, a government should 
expect a sudden rise in car sales, which reflects a pent-up, 
unsatisfied saturation demand. 

The main purpose of automobile forecasting in 
developing countries is to provide annual car demand 
estimates; this is true even for such broad planning 
problems as the annual increments required for road 
expenditure or the extent to which an increasing demand 
for gasoline will exert pressure on the balance of pay
ments and justify the construction of oil refmeries and 
the establishment of a petrochemical industry. This can 

A. G. NOWICKI 

be calculated from annual demand forecasts with due 
allowance for scrapped cars. The availability of roads 
and supplies such as gasoline, moreover, will influence 
the annual demand for cars and the ultimate saturation 
level. High gasoline prices, for example, have a similar 
effect on the car market as high car prices; they influence 
the use of cars as well as their purchase. Long-term 

. government policies on road construction and gasoline 
procurement will affect the future demand for cars; the 
government policies will in their turn be influenced 
by car purchasers who soon become formidable political 
lobbyists. Seemingly simple decisions about car prices 
and income relationships will thus eventually affect 
much wider areas of the economy than is apparent at 
first sight. 

APPENDIX 1 

METHODOLOGY 

Complex projection methods involve calculation of the 
income threshold of access to motorization and the number 
of families with incomes above the threshold. This method 
is more adapted to developing countries, where income 
distribution is largely skewed, than to developed countries, 
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development centres of national universities. Once this 
information is obtaine~ the underlying mathematics is 
simple. 

Let x be the income threshold. (See figure 1 a.) Given the 
normal Pareto curve of income distribution, each point 
M 1 (xh y1) represents the number of families y receiving an 
income exceeding x at a given time t. An increase in in
comes ·will shift the curve to the right. At the same time, 
the threshold is decreasing with the passage of time. 
Therefore the new point will be M 2 (xz, y~). We should 
therefore distinguish three separate phenomena: 

Connexion between x and y through a Pareto Law: 
y ~ (A{Xa), where A and a are constants; 

Upward shift of this curve with grow·ing incomes. 
During a short period of time, there is no deformation 
of the curve as it shifts, i.e. the distribution of income 
does not change. Instead of shifting the curve toward 
growing incomes, we can simply divide the threshold 
x by (1 + r)t, or, in ftrst approximation, (1 + rt) if r 
is lo"v, where r is the rate of annual increase in the average 
income. (See figure 1 b); 

Downward shift of the threshold with the passage of 
time. This is due to various factors apart from the income 
effect such as diffusion of car use, imitation effect, relative 
fall in prices of cars as compared with other goods etc. 
The mathematical formula is: 
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A 
y=----(t:,J. 

where y is the number of families receiving an mcome 
greater than x; 
x the threshold below which car purchase is impos

sible. This threshold is, in principle, moving down
wards with the passage of time; 

r the yearly growth of income; 
t the time. 

Therefore, x becomes a logistic factor, decreasing in 
relation to time, and its asymptote (111

) is defmed by a 
certain income below which purchase of a car is out of 
the question. (See figure 1 c.) 
The following generalized formula is for less complex 

projection methods based on estimates derived by least- . 
squares regression: 

R = a1 A Y + az A~+ a3 ~ S + a4 d X+ ao, 

where R is the retail sales of new cars; 
Y the real disposable income; 
P the real retail price of new cars; 
Jtrf the average credit terms (number of months in 

the average automobile instalment contract); 
S the stock of used cars in circulation; 
X the first difference of a dummy shift variable to 

account for the special conditions of the automo
bile market in years of ~evcre import controls. 
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