THE PREDICTION OF CAR OWNERSHIP
AND USE REVISITED

The Beginning of the End?

By Martin J. H. Mogridge *

In Mogridge (1967) I described a method of forecasting car ownership in the
United Kingdom: it had as its base a relationship describing the expenditure on
car purchase at the level of each household’s disposable income (that is, money
budgets). Statistics on this had become available only relatively recently through
the initial Household Expenditure Enquiry of 1953—54 (Ministry of Labour,
1955) and the subsequent annual Family Expenditure Surveys (FES) begun in
1959 (Department of Employment, 1960—).

It was not till 1971 that these statistics were separated between car-owning
and non-car-owning households (Tulpule, 1974). In Mogridge (1977, 1978) 1
was able to analyse unpublished 1971-75 data separated in this way. These
showed the shift in expenditure by car-owning households from car purchase
to car use, as the effects of the 1973 rise in petrol prices began to work its way
through the UK economy.

In 1981 the FES published the first breakdown of the components of these
average expenditures on purchase and use; this made possible a more detailed
examination of the quantities of money spent by the household sector on the
purchase of new and secondhand cars, and of expenditure on petrol in compar-
ison with other usage expenditures.

This was too late for my analysis in Mogridge (1983), which described how I
think the supply and demand for cars interact via the price mechanism, and how
the price of petrol affects the demand for cars via the interaction between the
expenditures on purchase and use. The first part of this paper examines whether
these new data on the components of expenditure are consistent with the treat-
ment outlined in that book, and updates my original paper.

As I look back now, what is gratifying is how much of the structure outlined
there has stood the test of time. It is easy to be misled by temporary trends in
the multiplicity of economic cycles, and new car registrations show one of the
largest year-on-year fluctuations of any of the major economic variables.

The first notable study of the car market, by de Wolff (1936), had precisely
this problem. Using a logistic curve calibrated on the annual increase in the

* Transport Studies Group, University College London. I acknowledge the criticisms of my
referees, who have aided me in the preparation of this paper.
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number of car registrations, he determined a saturation level for USA car owner-
ship of 22.8 million cars; this value was considerably influenced by the depression
which followed the price rises of 1920, and was far too low.

The petrol price rises of 1973 and 1979 led to the same temporary falls in the
rate of new car purchases as in 1920, and in some countries to actual falls in the
total number of car registrations, particularly where taxes on purchase were
increased. This again misled some commentators to claim that saturation in car
ownership had been reached and that no more facilities for cars should be built.
The debate in the UK on this topic is well described by Starkie (1982).

Thus, if one is attempting to forecast ownership and use of cars over a period
which covers at least a Kondratiev (1926) cycle of approximately 54 years, it is
necessary to examine how cyclical behaviour is likely to affect the forecast.

In particular, we now have experience of four Kondratiev cycles since the
beginning of the Industrial Revolution, each driven by a different major techno-
logical force. We must therefore examine what is likely to be the driving force for
the fifth cycle, and how that will affect car ownership and use. The argument is
an extension of that begun by Schumpeter (1935, 1939). Some ideas on this fifth
cycle are set out later.

The main proponent of this approach in forecasting car ownership has been
Marchetti (1983 et seq.). In particular, Marchetti has used the Lotka-Volterra
system of differential equations, developed to describe the populations competing
for ecological niches (Lotka, 1910 et seq.; Volterra, 1928 et seq.), as a direct
model for competition for economic niches. I will comment on this later, in the
second part of the paper.

The essential argument is not about money budgets, but about time budgets
(Zahavi, 1972) and how people use faster methods of travel. We will see that this
must eventually lead to a reduction in car use as a proportion of total travel, as
people switch to faster modes of travel than the car. In cities, the faster mode will
be better segregated track public transport, as cars are inefficient users of con-
gested city space. Between cities, the faster mode is already air, but new high-
speed tracked transport will become increasingly important.

Nevertheless, car ownership will grow to a saturation level of 0.9 cars per head,
as cars become proper automobiles (automated personal transport units).

1. SHORT-TERM FORECASTING

In 1967 (Mogridge, 1967), I used the Family Expenditure Survey (FES) data
(Ministry of Labour, 1955; Department of Employment, 1960—) on the expend-
iture on car purchase and use at a given level of total household expenditure as
the basis for constructing the forecast of car ownership. By multiplying together
the proportion of households at a given income level and the expenditure on car
purchase of households at each income level, one could obtain a total expenditure
on car purchase for each year as incomes grew. This followed the ideas of Smeed
(1951) and Straw (1956). This could then be translated, using estimates of
average new car prices, into a total number of new cars purchased each year,
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since all other transactions in the car market are merely transfers of money from
buyer to seller (apart from a small margin taken by dealers).

The procedure used for converting this estimate of new car purchases into an
estimate of the total stock of cars (where ‘“‘stock” means value — I use the term
“park™ for number of cars) relies on estimates of the relation between stock and
expenditure. The procedure used in my 1967 paper was different from that now
used in the CARO model (Mogridge, 1983).

In 1967 I used a stock-age of car model and a park-age of car model, which
require depreciation rates and survivor curves, to estimate average car price and
thus the total park.

In 1967 1 was only concerned with the stock-income relation, so I made no
mention of household car ownership levels at a given income level or of the park-
income relation (except where I used it in discussing saturation levels). In the
CARO model this deficiency has been overcome by the use of Bates’s (1972)
technique for relating car age and income levels to reconcile the supply and park-
demand models (see Mogridge, 1978). This enables us to use a different approach
from that in the 1967 paper to the stock-park relation at a given income level.

Though there was no evidence of saturation in the expenditure or stock data at
high income levels, I used in 1967 an arbitrary asymptote to give a saturation level
of 0.66 cars per person. This was the proportion of able-bodied adults in the UK
population at that time (on the assumption that eventually all who could drive
would possess a car). The CARO model does not have such a limitation, but there
is a different built-in constraint relating the proportions of households with each
level of car ownership. This effectively limits growth, so that just under 20 per
cent of households will never have a car, and the average level of household car
ownership will never exceed that level which gives the same 0.66 saturation level
of cars per person.

The relation between car purchase expenditure and disposable income

The key relation in the CARO model, as in my 1967 paper, is the relation between
car purchase expenditure and disposable income, which in the FES is approxim-
ated by a particular definition of net total expenditure. I repeat in Figure 1a the
values for the earlier paper (Figure 7 of that paper), and give in Figure 1b the
latest FES values, those for 1986.

One point is obvious, that the curve has not shifted diagonally to the right, but
upwards in terms of net total income, by a factor of 2. In the 20 years since 1966,
average net total income has increased from £22.28 to £178.10 per week, a factor
of 8.0, whereas the expenditures on car purchase at those total expenditure levels
have shifted from £0.6 to £9.6, a rise of a factor of 16.

We can also see that the curve is now not rising quite so steeply with income
as before, and is much better defined. (This is partly because the survey is bigger,
and partly because the survey covers a longer period for purchases such as cars;
this changed in 1967, as noted in Mogridge, 1970.)

In my original paper, I ignored inflation and kept the expenditure relation
constant. This was criticised by Evans.(1970) who argued that it was necessary
for the curve to shift because of inflation. In my response (Mogridge, 1970), I
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argued that the relevant shift for each income level depended on the price of the
cars people were buying, not on an average retail price index, and that there were
cross-elasticities between different commodity purchases which could also shift
the curve. I hoped that further data through time would help to resolve which of
these possibilities is more relevant, but it is not the purpose of this paper to do
that.

In Mogridge (1978) 1 showed that the cross-elasticity argument could be
discussed in terms of the interaction between car purchase and car usage, where
the 1971—75 FES data for car-owning households showed a strong interaction.
Cross-elasticity with other expenditures seems to be much lower; but the expend-
iture data confirm that there must be some cross-elasticity, as the total expend-
iture on car purchase and use, taken together, is not a strictly constant proportion
of the total expenditure of car-owning households (see Mogridge, 1978). Bates
and Roberts (1981) have also examined the FES expenditure data for cross-
elasticity estimates. This cross-elasticity effect makes the problem of the effects
of income and car price on the expenditure curve much more complex than it
otherwise would be.

The detailed breakdown of expenditure on transport

Since the 1981 FES a detailed breakdown of expenditure on transport has
become available. This is shown in Table 1, as the proportions of total net
expenditure these sums represent. It can be seen that the expenditure on new
cars (and vans) and that on second-hand cars (and vans) over the period 1981—-86
have varied as a proportion of total net expenditure. It should be noted, however,
that high statistical errors are involved, because

(a) not every household has a car, and

(b) not every car-owning household buys or exchanges its car in the survey

period.

In 1986 only 33 per cent of households recorded purchase expenditure in the
period, whereas 66 per cent of households recorded usage expenditure. The
percentage standard error of the expenditure was 7.6 for purchases of new cars
and vans, and 3.8 for secondhand.

It should also be noted that, in the UK, a high proportion of new cars are
purchased or financed by companies rather than by individuals, and then sold
later, typically after three years, on to the secondhand market. Ashworth and
Dilnot (1987) estimate how this affects the taxation of individuals and companies.
We are interested, however, in its effect on the car market and on household
expenditure. It is possible to make some estimate in the following manner.

Let companies buy new cars only. Let the proportion of new cars financed by
companies be 50 per cent. Let companies (and households who buy new cars)
sell those cars at 50 per cent of their value when new (actually we require the
replacement cost, that is, the selling price as a proportion of the value of the new
car that replaces it, as this gives net expenditure).

Let all other transactions be between households, and neglect dealer’s margins
and scrapping values; that is, the total spent on car purchase equals the value of
the new park.
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TABLE 1

Percentage of Total Expenditure Spent on Transport Components

1981 1982 1983 1984 1985 1986

New cars and vans 1.59 1.52 1.74 1.95 1.67 1.73
Secondhand cars and vans 2.57 2.62 2.47 2.74 3.10 3.00
Sub-total: cars and vans 4.16 4.14 4.19 4.69 4.77 4.73
Car spares and accessories
(new and secondhand) 0.69 0.74 0.65 0.56 0.60 0.65
Motorcycles etc. } 026 025 022 016 017  0.20
Motorcycles — spares
Total car purchase 5.11 5.14 5.08 5.41 5.54 5.58
Repairs and servicing 1.09 1.01 1.14 0.97 0.97 0.86
Sub-total: spares and repairs 1.78 1.75 1.79 1.53 1.57 1.51
Petrol and diesel oil 3.94 4.02 4.17 4.23 4.29 3.50
Other motor oils 0.06 0.06 0.06 0.07 0.06 0.06
Driving licences 0.01 0.0l 0.02 0.01 0.01 0.01
Vehicle taxation (net) 0.61 0.66 0.72 0.73 0.77 0.74
Vehicle insurance 0.86 0.86 0.84 0.82 0.86 0.88
Garage rent 0.04 0.05 0.05 0.05 0.05 0.02
AA/RAC subscription 0.08 0.07 0.06 0.07 0.06 0.09
Other 0.20 0.17 0.19 0.18 0.20 0.18
Total car running costs 6.89 6.91 7.24 7.13 7.27 6.34
Total transport 14.91 14.78 14.70 14.99 15.17 14.28
Total expenditure of household 100 100 100 100 100 100
Then

Value of initial park = V
Net investment by companies is 0.5V x 0.5 = 0.25V
Net investment by households in new cars is also 0.25V
Net investment by households in secondhand cars is 0.5V
Making a total investment of V'
Therefore the ratio of secondhand to new investment by households is 2.

Varying the proportion of company cars gives Table 2. In fact, the ratios from
the FES (taken from Table 1) are as follows for the years 1981—6: 1.62, 1.72,
1.44, 1.41, 1.86, 1.73. Thus in numbers, if company cars are bought and sold in
the same way as household cars, and in particular at the same prices, then
company cars will be about 40 per cent of new registrations; this gives a ratio of
secondhand to new cars in expenditure by households of 1.67. This is in reason-
able agreement with the data on the proportion of new registrations that are
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TABLE 2

Variation of Ratio of Household Expenditure with
Proportion of New Company Cars

Proportion of new cars which
are company cars 0 0.1 0.2 0.3 0.4 0.5

Ratio of secondhand to new
expenditure by households 1 .11 1.25 143 1.67 2

company financed in Mogridge (1985) and Hopkin (1986), since, as already
noted, there are high standard errors in the FES data.

Mogridge (1985), however, shows from National Travel Survey (NTS) data,
that company cars are bought new at 20 per cent higher prices than average new
cars, and depreciate in value much faster; thus the replacement value is not 50
per cent of the new price, but only 44 per cent. With these estimates, company
net expenditure forms some 27 per cent of total capital expenditure on cars for a
company car proportion of 40 per cent of new cars. This compares with an
estimate of 29 per cent in Mogridge (1967), and thus has been stable for a long
period in the UK.

The net capital expenditure by companies on new cars is thus comparable to
the capital expenditure by households on spares and the labour cost of repairs.
If we take 27 per cent of total expenditure on car purchase to be spent by
companies, then the net expenditure by companies on car purchase, expressed
as a proportion of net household expenditure on car purchase, is 0.27/0.73 =0.37.
This proportion can then be used to multiply the proportion of expenditure by
households on car purchase from Table 1, to compare it with the capital expend-
iture by households on spares and on the labour costs of repairs. The result is
given in Table 3.

Thus the expenditure on spares and repairs, as a proportion of household
expenditure, was roughly equal to that of companies on car purchase, expressed
in the same way. There is, however, an interesting reversal between the earlier
period 1981—-83 and the later period 1984—86. The reason for this seems to lie
in the change in the number of new cars bought each year. There are, however,
systematic errors in the FES, because the total car purchase expenditure in the
FES statistics does not correspond well with statistics of new car registrations.
This can be seen in Table 4.

The household population grew slightly by about 0.8 per cent per annum, or
4 per cent in the period; this suggests that the trend in car purchase expenditures
is approximately correct. The values for 1983, however, considerably under-
estimate the actual purchases of new cars. Part of the explanation undoubtedly
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lies in the net company car expenditures (which can be expected to vary in a
different way from household expenditures).

We can also see in Table 1 that there is an interaction between household
expenditure on new car purchase and the total expenditure on spares and repairs.
The proportion of expenditure on spares and repairs tends to fall after expend-
iture on new cars rises — but the interaction is weak, and is, no doubt, due to the
earlier scrapping of older cars as more new cars are bought. Some corroboration
of this can be seen in car scrappage rates (Department of Transport, Transport
Statistics, 1980 et seq.). The proportion of cars surviving between 10 and 12 years
has dropped over the period 1980 to 1986 from 52 to 46 per cent, and between
12 and 14 years from 30 to 26 per cent; thus median car lifetimes are reduced
by about 0.6 years.

Before 1973, car lifetimes in the UK had been falling (Mogridge, 1983). This
renewed drop in car lifetimes from 1981 follows a period from 1973 to 1980
when UK car lifetimes reversed the previous fall and rose slightly after the 1973
petrol price rises.

It can also be seen in Table 1 that the proportion of expenditure spent on
petrol is only slightly less than the net expenditure on purchase of new and
secondhand cars. The value of the proportion of expenditure on petrol is typically
about 4 per cent of net income, though somewhat less in 1986.

In Mogridge (1977) 1 suggested the direct transfer of expenditure from
purchase to use as petrol prices increased, though then I did not have the com-
ponent breakdown. I did, however, have the division into car-owning and non-
car-owning, which published data still do not give. These latest figures do not
support the idea that expenditure on car purchase plus expenditure on petrol is
strictly constant, but the values are subject to high sample errors: that for petrol
in 1986 (£7.43) has a sample error of £0.13, or 1.8 per cent.

But the data for 1986 show that the proportion of expenditure on car purchase
and petrol taken together is, at 8.23 per cent, nearly back to the level of 1981,
after a substantial rise in 1984—85. In part, the fall in the proportion of expend-
iture on petrol in 1985—86 is no doubt correlated with the fall in the price of
petrol since the second quarter of 1985; the index price of petrol relative to the
RPI was then 109 (1980 = 100), whereas a year later it was 87. A steady increase
in the proportion of expenditure on petrol would be expected over the period
1981-86, in line with the steady growth in the car park from 14M to 17M.

As an aside here, it may be noted that the purchase by companies of new cars
which are 20 per cent more expensive than the average new car means that these
cars are probably larger and less energy efficient than cars which households
would buy themselves. When these company cars are sold on to the secondhand
market, they may well, therefore, be causing households to spend more on
petrol than they otherwise would, and thus less on car purchase. This argument
has been followed through in Mogridge (1988), in which it is argued that the
sales of new cars in the UK may well be fewer with company cars than without,
because households are forced to transfer money to buy petrol which would
otherwise go to purchase cars.

Some cushioning of the car market .against changes in the price of petrol also
occurs because companies are less sensitive to expenditure on cars than house-
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TABLE 3

Percentage of Household Expenditure on Spares and Repairs
Compared with Company Expenditure on Car Purchase

1981 1982 1983 1984 1985 1986
Total spares and repairs 1.78 1.75 1.79 1.53 1.57 1.51
Company net expenditure 1.54 1.53 1.55 1.73 1.76 1.75
TABLE 4
Correspondence between FES and New Car Registrations
1981 1982 1983 1984 1985 1986
FES net car purchase
expenditure/household
(£ per week) 5.22 5.54 6.01 7.13 7.72 8.42
Car price index . 100 108 110 116 125 133
Deflated car purchasing
expenditure (£ per week) 5.22 5.13 5.46 6.15 6.18 6.33
Indexed to 1981 100 98 105 118 118 121
New car registrations (M)  1.435 1.527 1.773 1.722 1.804 1.839
128

Indexed to 1981 100 106 124 120 126

holds. This is partly because it forms a smaller part of company budgets, but
mainly because a company car reflects the individual’s status in the company;
it is therefore less subject to purely economic forces, and may take longer to

adjust.

It is useful to compare the expenditure on petrol by households per week in
1986 (£6.25) with the data on average annual distance travelled (14,000 km or
8,700 miles, in DTp, 1987). At a consumption rate of 27 miles per gallon (10.4
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litres/100 km) (Rice, 1985) this gives 6.15 gallons/week/car or, at a price of
£1.75 per gallon (DTp, 1987), £10.8 week/car. Now the number of cars per
household is 0.837 in 1986 (FES), so the expenditure on petrol/car/week is
£7.47 per household car.

The remainder, therefore (£3.33 per week per car, or 31 per cent of the total)
must come from companies. This seems to be reasonable, since the mileage in
company-owned cars is some 2.5 times that in ordinary household cars (Goodwin
and Mogridge, 1982) and company-financed motoring costs are available for some
15 per cent of the total car population, though only some 12 per cent of cars are
company-owned (Hopkin, 1986; Transport Statistics, 1987). 1 discuss the time
spent travelling per car per day in part two.

What Rice (1985) does show clearly is that the petrol efficiency of cars has
substantially increased in the UK since 1973, from 12.1 1/100 km to 10.4
1/100 km, or by 14 per cent. Rice also estimates that new car fuel consumption
has fallen over the period 1978—84 from 10.28 1/100 km to 8.92 1/100 km, or
by 13 per cent. New cars in 1986 were thus more efficient than the average car
in 1986; in 1973 the reverse was true (that is, new cars were less efficient than
the average car), since petrol prices had been falling for some years.

Indeed, as noted in Mogridge (1978), the petrol efficiency of the total car
park was likely to be still falling in the period 1973—75, though the petrol
efficiency of the new car park was rising, after the 50 per cent rise in petrol
price with respect to the RPI in 1973—75. The cars being scrapped in this period
were still more efficient than the cars being bought, as judged by the fact that the
engine size of the new cars of 1973 was larger than that of the new cars of 1961
(the median life of 1961 cars was 12 years). Rice disputes this direction of change
in the period 1973—75, but he confirms that since 1980 the efficiency of the
total park has increased substantially.

This has implications for car purchase, through the interaction between
expenditures on purchase and use. I argued (Mogridge, 1978) that the increase in
petrol expenditure, following the increase in petrol prices, in the period 1973—75
was a main cause of the fall in car purchase expenditure in that period, and thus
in new car purchase. We can see, from the new data presented above, that the
close relationship postulated between the expenditure on car purchase and that
on petrol is not as simple as first thought, because of the complications of
company cars and of expenditure on repairs and servicing; nevertheless, the
interactions are important in explaining the reaction to a change in the price of
petrol.

The second petrol price rise in the period 1979—81, which was only 20 per
cent with respect to the RPI, had a much lower impact on UK new car registra-
tions, and affected company cars differently from household cars (Mogridge,
1985). Since then, though petrol prices remained at a higher level till 1985, new
car sales have surged ahead from 1983, mainly because of an increase in company
cars. With the 20 per cent fall in petrol prices with respect to the RPI since 1985,
UK new car registrations finally broke the 2M barrier in 1987.

Thus we can see that there are a number of complex interactions within the car
market, between the household and the company sector, between new cars,
secondhand cars, and expenditure on maintenance and repairs and on petrol.
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No simple model which omits these. interactions can help in understanding the
development of the car market.

Nevertheless, the long-term development of the car market can in fact be
modelled by very simple models, but it is essential that the implications of these
simple models and their limitations be understood. It is to this different
perspective that we now turn.

2. LONG-TERM FORECASTING

It can be argued that the four Kondratiev cycles of approximately fifty years
each since the beginning of the Industrial Revolution have given rise to four
transport technologies. The argument is an extension of that begun by Schumpeter
(1935, 1939). They can be characterised as-the ages of water, steam, electricity
and petrol. The first saw canals and docks with locks, the second the inter-city
railways, the third the underground railways and tramways, and the fourth the
mass ownership of private cars and the airlines. The typical pattern is that the
inventions which drove each cycle were being developed in the preceding cycle;
the technology matured in the succeeding cycle to its own cycle before fading
away in subsequent cycles.

Each cycle starts with a major construction boom; this leads eventually to an
over-expansion of facilities, shortage of materials and price rises followed by a
banking crash; a period of temporary recovery is then followed by a more
extensive crash of employment when old equipment and practices are jettisoned.
We are now, it is hoped, several years into the fifth construction boom, though it
‘may well take ten years or so to reduce the current massive unemployment
levels to a more “normal” level of about 2 per cent corresponding to job changes
rather than job losses.

The next cycle will probably be characterised by the increasing use of electron-
ics. The development of very-large-scale-integrated silicon chips gives computer
power, and optical laser memories give massive data storage facilities; more
developments may well occur in this field.

I believe this will lead to a transformation of the car within the next fifty year
cycle to a completely automated personal transport unit with the facilities for:

1. automatic driving control, using electro-magnetic radiation sensors;

2. automatic positional reference, using radio cells and satellite navigation
as appropriate;

3. automatic route finding, using on-board mapping and external guidance
on congestion, accidents etc.

The car will thus be usable by the elderly and infirm, and by the young and
immature, and in complete safety (apart from mechanical breakdown or problems
of radar shadows), just using voice control. All these facilities now exist, though
as yet the price is too high for most people to be able to afford them.

The maturing of the car in this manner to become a true automobile is not
dependent on the fuel used. Any hydrocarbon of sufficient volatility and energy
density can be used in an internal combustion engine. Potential sources, as natural .
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mineral oils become scarcer, are the hydrocarbons derived from sugar, (for
example, alcohol), or from hydrogen in sea-water via electricity from nuclear
power, or ultimately, in the succeeding Kondratiev cycles, from solar satellite
power stations in geostationary earth orbit. Nor indeed is the car limited to the
internal combustion engine; fuel cells may well replace such engines in cities,
where pollution control is important.

The present Kondratiev cycle will thus see the end of the car as a manually-
driven vehicle, with a saturation level dependent on mature adults, and the
beginning of the car as a personal transport unit, with a saturation level dependent
on mobile persons (that is, excluding the bed-ridden and those in institutions,
etc.). Thus the saturation level will change from about 0.66 (my 1967 estimate)
to about 0.90.

- The logistic growth curve and the Lotka-Volterra equation

De Wolff (1936) used the logistic because it was a particularly simple growth
curve. In this sense, it can be traced back to Verhulst (1845); a population of
some biological species growing in an ecological niche (in this case bacteria in a
bottle of broth) grows at a rate proportional to its own size and the resources
still available (that is, the saturation level minus its current size). This is a
Malthusian niche, with just one species.

Given the perspective of the Kondratiev cycles, it is useful to consider the
derivation of the logistic from competing populations in an ecological niche.
This derivation can be obtained from the Lotka-Volterra equation. Lotka (1910,
1920) studied the thermodynamic equilibrium of periodic chemical reactions,
where one chemical changes into another. Volterra (1928, 1931, 1937), using
d’Ancona’s data (1926) on fish populations in the Upper Adriatic, studied a
biological change from one species to another. Haldane (1924) had also given
a treatment of the theory of how a mutant spread through a population; he is
quoted in Lotka (1956).

The general dynamic solutions are given a good treatment in Goel et al. (1971)
and in Peschel and Mende (1986).

ANs = N, +6 " vy Nil;
dz =1
where

N; = the number of individuals in species i
«, B, v are constants.

Closed solutions exist only for the case of one or two populations; otherwise
solutions may oscillate through time. For one population, we have the simple
logistic growth curve given above as it expands to fill the ecological niche. For
two competing populations we have two logistics, one rising as the other falls to
offset it; that is, one competitor is replacing the other in the niche.

In general, the size of the ecological niche can be taken as fixed. There are,
however, in biological and economic systems, the possibilities of evolution: the
size of the niche can be expanded as the competitors extend their range. It is
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then essential to extend the formulation by defining N; as the proportion of
individuals in species i, rather than the absolute number.

Thus it can be argued that each Kondratiev cycle sees the appearance of one
or more new competitors to the existing transport systems. These new compet-
itors may expand to fill a new economic niche, or may compete with existing
systems for an existing niche.

Hitherto all trend forecasting of car ownership has been based on a simple
growth curve, as if cars were expanding to fill an empty economic niche. Power
growth curves, rather than logistic, have been introduced to slow the rate of
growth as car ownership approaches saturation; that might have given us some
reason to doubt the formulation, but it has not done so, at least in official UK
forecasts.

The current forecasts (Department of Transport, 1985) are based on two
modelling techniques. The first is logistic curve trend analysis, the total park-time
relationship, in a power growth rather than exponential growth form, with
saturation levels of 0.40 for low income growth and 0.50 for high income growth
estimates (Tanner, 1977; Traffic Appraisal Manual (TAM) 1981, 1985 revision,
appendix 12.1).

The second model used in the current forecasts is based on a park-income
relationship with a saturation level of park at high incomes (Bates et al, 1978).
This is then combined with a forecast of the income distribution at some future
time to give the park-time relation.

In the original park-income model, the one-car-owning household relation is
assumed to saturate at 0.95 and that of two-or-more car-owning households as
a fraction of one-car-owning at 0.6; both park-income relationships are logistic
with income and car price modifiers. This model failed to forecast correctly in
the 1975—78 period — the model was underpredicting car ownership by 16 per
cent by 1978 because car prices had risen steeply with respect to income growth.

In a later development now used by the UK government, the car price term is
dropped and a car-licence-holding term has been introduced in a logistic form
(TAM, 1981, 1985 revision, appendix 12.1) based on the work of Smith (1981).
The introduction of the logistic growth of car licence holding into the park-
income model, in an effort to explain the failure of a discounted income and
car prices index to cope with the effects of the petrol price rises and change in
the economy after 1973, has in effect turned this model into a time-like model.
The economic factors now have only a residual importance.

It is interesting to note that the UK Regional Highway Traffic Model (see
TAM, 1985, chapter 7.2) uses a form identical to that of the park-income model
above, but incorporating an ‘‘accessibility” term according to a zonal classific-
ation system. Its saturation levels are, however, not 0.95 and 0.6, but 1.0 and
0.85 respectively — an odd anomaly.

But when we consider cars as one of the competing forms of transport we are
forced to consider the Lotka-Volterra equations and their relevance to fore-
casting car ownership. This has been done in particular by Marchetti (1983 et
seq) in a series of papers examining the manner in which competing technologies
of transport and energy have alternated,

With the computer estimation procedure developed by Nakicenovic (1979), he
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has been able to produce an approximation to the solution of the Lotka-Volterra
equations for multi-species competition. In essence, these equations show logistic
growth followed by logistic decay, as in two-species competition. The species of
interest is superior in the first period, and thus is growing; it is inferior in the
second, and thus is shrinking, and the ‘“turn-over” from growth to decay is
modelled as a residual.

In transport, a number of technologies have grown in this way, to be replaced
by superior technologies in due course. One can quote horse-drawn stage coaches,
canal boats, steam railway trains, electric trams (not, of course, on the European
continent). Nakicenovic (1988) has examined the dynamics and replacement of
US transport infrastructures from this perspective.

The question is: is car ownership going to follow this pattern, with logistic
growth followed by logistic decay?

Time and money budgets

The essence of the argument turns on the concepts of time and money budgets,
with technology introducing faster but more expensive modes of travel. As
people get richer, they switch to faster modes of travel in order to extend their
travel range within their time and money budgets. This is basically the argument
of Zahavi (1976 et seq), following his setting out of the time-budget argument in
Zahavi (1973) and my money-budget argument in Mogridge (1967).

The problem is complex because people have different time and money budget.
constraints. Time budgets are usually applied at the individual level, but money
budgets at the household level; consumer durables such as cars are usually taken
to be household goods, even though as car ownership increases cars become more
of an individual possession.

Household income has been modelled in transport planning by gamma distrib-
utions since Wootton and Pick (1967), though other distributions are useful for
other purposes. The current UK government forecasts of car ownership using the
park-income model use the gamma distribution of household income, and assume
a constant coefficient of variation as income increases (even though it is now
increasing slightly).

We can examine the average speed of car travel by using the 1978-79 National
Travel Survey. Table 5 gives the distribution of trip numbers, of trip lengths and
of trip times in the reported data for car drivers. (Strictly speaking, these trips
are trip stages — so will include car stages which are part of a longer journey, by
rail, for example.) The data can be analysed to give the average speed of travel at
each trip length, and the overall average speed.

It may be surprising that in the UK average trip speeds are only 21.3 mph,
rising from below 10 mph for short trips to 33.4 mph for the longest trips, those
over 25 miles (averaging 57.2 miles). The average trip lasts 19.6 minutes and
covers 6.93 miles. Access time is included so measurements are not of kerb-to-
kerb running time or speed, but cover the whole route travelled.

There is a problem here, as the NTS under-records trip mileage by some 10 per
cent — that is, the sum total of the individual trips over a week is some 10 per
cent less than the difference between the odometer readings at the beginning and
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TABLE 5

The Distribution of Car Driver Trips
(NTS 1978-79)

Length of % of % of % of Miles per Time per Miles per
trip trips length time trip trip hour
(miles)
0- 1 5 - 1 0.3 3.9 5.0
1—- 2 18 3 7 1.2 7.6 9.5
2— 3 16 5 8 2.2 9.8 13.5
3—°5 21 11 15 3.6 14.0 15.4
5-10 23 21 24 6.3 20.4 18.5
10-15 8 13 12 11.3 29.4 23.1
15— 25 5 14 11 19.4 43.1 27.0
25+ 4 33 21 57.2 102.7 33.4
100 100 100
133600 926400 2614500 6.93 19.6 21.3
trips miles minutes miles minutes mph

Table 3.3 1978—79 NTS

end of the week; but this should not affect the trip distribution. The average trip
time given in the NTS agrees well with other travel surveys, such as the Greater
London Transportation Survey. What happens is that, in the NTS, the survey
response falls as the week progresses, till on the seventh day walk trips are
included, which means that all travel is more accurately recorded again.

If we take the value of 8700 miles per year given earlier for the average car,
6.93 miles per trip gives a number of car trips per day of 3.44 and a travel time
per day per car of 67.4 minutes. This value is very similar to the value of 68
minutes which Mogridge and Holden (1983) found for the daily travel time of
people in London in 1971 who were only car drivers, and did not use any other
mode (it is not possible to identify the separate cars in a household in the GLTS).
It is also worth noting that the average speed of trips by London residents
shown in the NTS (which includes some journeys outside London) is a little
slower than the value above, at 18 mph. Nevertheless, this value agrees well with
the average speed of traffic on London roads, which is also 18 mph (DTp, 1987b).

The distribution of lengths of car journeys has changed over time, towards
shorter journeys. This is no doubt because, with the increase in car ownership,
cars are now available for many more of the non-work trips, which tend to be
shorter.

Cars are thus filling a niche of travel demand which is typically fairly short-
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distance and fairly low-speed and, in the UK at least, mostly within urban areas.
Cars are essentially replacing walk and bus travel.

The 1985—86 NTS shows that walk trips still account for one third of travel
time in the UK, or 19.1 minutes per person per day out of a total of 58.9 minutes.
The total travel time has been constant for a long time, at just under an hour per
person per day, but the proportion devoted to walk trips has been falling steadily.
Walking, however, only accounts for 5 per cent of distance travelled. Current
walk and bus trips thus give limited scope for future growth of car travel.

As urban areas grow, moreover, there is increasing scope for public transport
modes on segregated track, whether rail, tram, bus or minibus. The car is
essentially an inefficient user of urban road space, and it can be argued that its
speed is limited by the availability of public transport: that is, car journey speeds
come down to the level of the best public transport alternative in congested
conditions (Mogridge et al, 1987). In congested urban areas, therefore, we may
well see many car journeys replaced by better public transport in the future, in
order to speed up urban travel.

On the other hand, it can be seen in Table 5 that, though only 4 per cent of
car stages are longer than 25 miles, they use some 33 per cent of car mileage and
take some 21 per cent of car travel times. This is where there is scope for faster
travel to replace cars on inter-city routes, and where the argument about com-
peting modes in an ecological niche is again relevant. Air travel has already made
a substantial impact on longer distance, and particularly inter-continental, travel
since the introduction of wide-bodied jets brought the cost down. Eventually,
I believe (as does Marchetti, 1988) that magnetically suspended or supported
linear electric motor trains will do the same for inter-city travel, replacing air
travel for distances up to (say) 1000 km. Much investment is going into con-
ventional electric high speed trains, particularly in Europe, and this will continue
to have an impact on the shorter distance inter-city routes, as a competitor both
for the car and for air.

If, therefore, time budgets are a valid concept, we must expect that an increasing
proportion of time will be devoted to air and fast train travel on inter-city routes,
and to public transport on segregated track within congested cities. As a con-
sequence, eventually a decreasing proportion of time will be devoted to car travel,
even though car ownership may continue to rise. This will reduce the distance
travelled per car per day (or year).

So, while logistic growth models may well remain valid as long-run models of
car ownership, car usage may well eventually require forecasts using the logistic
decay model. Marchetti (1988) shows that car travel is now taking a decreasing
proportion of distance travelled in the US; that is, it has passed its peak share. It
is too early as yet to speculate on the rate of decrease of car travel distance per
year through time, but it must begin in Europe too in this Kondratiev cycle, as
people switch to faster travel modes.

Car travel will, therefore, increasingly have to be separated from car ownership,
and car trip rates per car will have to be reduced. An analysis of the second car
mileage in the UK NTS (Goodwin and Mogridge, 1982) already finds that in
1978—79 each car in two-car households (not company cars used for business)
does less mileage than cars in one-car households.
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CONCLUSIONS

Considerable expertise in the economic understanding of forecasting car owner-
ship and use has been built up over the last twenty years, especially with the spur
of the petrol price rises of 1973—75 and 1979—81. Yet the current UK govern-
ment long-run forecasts of car ownership have reverted to essentially time-trend
forecasting, but with saturation levels of car ownership that are likely to be far
too low. This is particularly so now that the electronic revolution holds promise
of completely automatic personal transport units, which will eliminate the need
for manual driving, and will thus open up car use to the entire mobile population.
I therefore feel that the estimate of saturation level should be raised from my
earlier level of 0.66 to 0.90 cars per head.

Such long-run models of car ownership, by the very fact that they contain a
limited number of parameters, cannot be used for short-term forecasting, and
should not be judged by their failure to estimate short-run changes. Much more
detailed models, such as my CARO model, are required to estimate short-run
changes.

Nevertheless, this expansion of car ownership may well go hand in hand with a
reduction in car use per car, for two main reasons. Firstly, it has long been argued
that cars are inefficient users of city space, and should be replaced by appropriate
forms of public transport so that travel speeds within congested cities may be
improved. Car travel in the UK averages only 21 mph and has done so for many
years, and most of this travel is within cities. A policy shift towards public trans-
port would shift people from cars to buses, trams and trains. Secondly, with the
rise of air travel and of high-speed tracked transport such as the magnetic
levitation train, some of the time now spent in cars on inter-city travel will be
transferred to these faster modes, and this will reduce the proportion of long-
distance trips by car. Both these developments will reduce annual car mileage.

I believe that it is only by the detailed analysis of expenditure data, such as
those presented above from the FES, and of time data, such as those presented
above from the NTS, that we can hope to make reasonable predictions of the
long-term changes in travel that the next Kondratiev cycle will bring.
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