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INTRODUCTION

A transport project cannot be planned or assessed in terms of
economic feasibility unless ﬁedium or 1ong-teri traffic forecasts
are established, since the volume of traffic, while not the only
criterion, is fundamental to any decision to invest or to operate
in a particular way. It is accordingly essential to kmow the
extent to which one can rely on the technical instruments used for
a priori estimates of future transport demand.

These instruments are usually models incorporating a set of
principles expressed in mathematical terms and relating the phenome-
non under consideration to a certain number of explanatory variables.

The soundness of a model can be assessed "from inside", so to
speak, by analysing the different options taken in building it and,
for example, estimating a confidence interval for the findings.

On the face of it, however, a more conclusive method is simply to
test the model empirically and compare the findings relevant to a
gifen project with the factual data recorded after its implementation.

What this amounts to, however, is to assess the relevance not
only of the model, but of the forecasting exercisé as a whole. 1In
addition to the problems specific to the construction of the model,
there are also those relating to both the choice of basic assump-~
tions at an earlier stage and, subsequently, the ways in which the
results of the calculations are interpreted and used. These three
aspects vary in impact and importance according to the nature of
the study under consideration.

Examples of studies carried out in France are set out in the
following three chapters:

A, a nationwide forecast of a steadily rising demand for inter-
city transport which may be examined in terms of a single
mode: private car-traffic-outside-.built-up.areas;

B. forecasting rapidly expanding demand on a network of interQ
city routes which calls for a multi-modal approach: passen-
ger traffic on Freﬁch‘domestic-flights;

C. forecasting urban transport demand on a particular route:
involving the opening of a number of new public transport
services.




These studies are not claimed to be representative of all the
problems arising in connection with passenger transport demand
models. They are simply intended to provide a basis for more
general methodological consideration which offers the maximum possible
specificity and diversity.

One point in ﬁarticular will be recurring and deserves to be
stressed: efforts should certainiy be made to improve models,
especially on the basis of what has been learned from comparing the
results given by a model with the volumes of traffic which are in
fact subsequently recorded, but however good the model, it can only
be really effective if used correctly. Thus, in addition to making
technical improvements to the instruments, it is also necessary to
focus attention on the conditions under which these instruments are
used.
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INTRODUCTION

Studies for the purpose of forecasting intercity road traffic
usually comprise two successive phases:

- an analysis of demand based on the data available when the
study is carried out, which essentially consists of breaking
down traffic flows by places of origin and destination of
the vehicles by means of either road-side traffic surveys or

traffic generation distribution models;
- projection of thig demand over the forecasting period, which

consists of estimating trends over time in volumes of traffic

by.origin and destination and differentiating between two

types of growth: .

-~ "natural® gfowth, i.e. what would be observed if service
conditions were unchanged;

- "induced" growth, which is added to the above and is the
product of improvements made in traffic conditions during
the forecasfing period.

While trends in induced growth are usually determined by apply-
ing a supply and demand model to each origin-destination route,
natural growth is very often established globally for the whole net-
work under consideration.

More specifically, the method consists of applying the same
growth rate to the volume of traffic on each origin-destination
route,‘the rate being estimated on the basis of a model designed to
show the overall trend in intercity traffic. An instrument of this
type was developed in about 1970 for the Highways and Road Traffic
Directorate of the Ministry of Transport. In the following paragraphs
we shall give a brief description of this model and then compare
the results it gave with the traffic data recorded between 1970 and
1980. Lagtly, an attempt will be made to explain the discrepancies
between forecasts and recorded traffic, differentiating between two
types of contributory factor: methodological errors and the choice
of unsound assumptions. .

10



I. BASIC PRINCIPLES OF THE MODEL

The 1970 approach is conventional in that it considers the

growth
trends:

of intercity private car traffic to be the product of two

the total number of cars in use;
the average use made of each car.

It would be too lengthy to give a detailed account of the calcu-
lations made. Suffice it to say that:

A

the;percenfage of households owning cars was projected by
Cramer's method: the distribution of households by income
is assumed to be lognormal and no given household buys a car

unless its income exceeds a certain threshold which varies
from one household to another, here too the distribution
being lognormal; in addition, the concept of the spread of
car ownership is applied insofar as the median income of the
distribution of ownership thresholds falls slowly over time;
the percentage of households with two or more cars was extra-
polated in the shape of a parabolic curve fitted to past
observations since 1958, which implicity assumed that the
slowdown of the phenomenon would not be felt before 1985-90;

in addition it was assumed that the distribution by income
group would not change over time;

the trend in the number of kilometres covered annually by
each car in intercity traffic was assimilated to that of

total average kilometrage per car, itself estimated according
to a simple principle: each income group was given an average

"first car" kilometrage and an average "second car" kilomet-
rage on the basis of survey data obtained for 1967;

finally, it was assumed that company cars always account for
5 per cent of the total number of cars and have an average
annual kilometrage'slightly higher than that of private cars.

II. THE FRAME OF REFERENCE FOR THE FORECAST

description of the basic principles of the model does not

gsuffice for the purpose of assessing the forecasts, since it is also
necessary to define the general frame-of reference established for
these forecasts. In other words, what assumptions were made about

trends

in-the various explanatory variables determining car owner-

ship and mobility levels? The explanatory variables were:

11



- number of households, which was assumed to grow by 0.9 per cent

a year. This figure was obtained from a none too recent demo-
graphic projection dating from 1964;

- disposable income per houshold, for which an annual growth rate
of 4.5 per cent was applied, thus leading to a very high rate
of increase of total household consumption (over 5 per cent a
year) in line with the trend observed in the recent past (see
Figure 1);

- motor fuel prices, which are a major influence on car use;
no explicit assumption was made about the relevant trends,
but price stability in constant value francs was inherent in
the choice of a fixed kilometrage per income group. This
implicit assumption in fact departed somewhat from past
trends since at the time of the study the relative price of

fuel had been falling steadily for more than 15 years
(see Figure 1).

III. FORECASTS ESTABLISHED AND TRAFFIC IN FACT RECORDED

A model based on such assumptions concerning social and economic
developments was hardly likely to produce forecasts which differed
much from past trends and, in fact, the 1970 study showed a continua-
tion of the trend observed over the preceding years, i.e. very
slight exponential growth at a rate of 6.5 per cent a year (see
Figure 2).

What actually happened?

A fairly accurate picture of the real trend in intercity traf-
fic is given by an index calculated for the whole of the non-urban
road network (major motorways and main roads outside built-up areas
with populations of over 5,000). This index shows the trend from
one year (n) to the next (n+1) in recorded flows of private cars
on the infrastructures in service as at 1st January of year (n).
Variations in this index over a long period are not an accurate
reflection of the "natural" growth of intercity traffic, since
such variations include both the diversion of main road traffic
to motorways opened during year (n) and induced traffic or that
diverted from minor roads to motorways already in service at the
beginning of that year; this is a good example of the difficulty
sometimes experienced in simply measuring the phenomenon to be
modelled. These two factors fortunately tend to offset one another
so that the index can be accepted as providing a fair first approxi-
mation of intercity traffic.

One needs only to look at the graph showing this index between
1970 and 1979 to see that the regular growth expected in 1970 did

12
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not take place. After a period of sustained growth up to 1973,
intercity traffic fell slightly between 1973 and 1974 and then began
to expand again from 1975 onwards but.at a much slower rate (3.6 per
cent per annum as opposed to 6.5 per cent). This discrepancy between
the forecast and the traffic in fact recorded is far from negligible
and can be attributed to two sources:

- the method used;
- the basic assumptions.

IV. A CRITICAL ANATLYSIS OF THE MODEL

The main methodological errors are to be found in the projection
of the number of cars in use. The 1970 study forecast that by 1979,
75 per cent of households would have one car and 28 per cent two
or more; in fact, the recorded figures were only 68 per cent and
17 per cent respectively and the discrepancies can certainly be
largely attributed to faults in the method used:

- the gradual decrease in the median income threshold for car-
ownership was éxtrapolated linearly from the past trend,
although in fact the spread of car ownership had slowed
with the years, hence the fairly marked overestimate fgr car
ownership in 1979; )

~ the phenomenoﬁ of the two-car household was certainly expand-
ing rapidly around 1970, but it was somewhat risky simply
to extend the parébolic growth curve fitted to past growth
rates. Why extend this parabola and not some other function
that could have been adjusted just as well? In any event,
actual developments showed that the slope of the recorded
growth curve for two-car households was not as steep as was
expected in 1970 (see Figure 3).

An analysis of the methodological efrbrs is not the main matter
of concern here, however, as the work done on car ownership models
since 1970 has mitigated such shortcomings and will continue to, do
so in the coming years.

V. A CRITICAL ANALYSIS OF THE ASSUMPTIONS

On the other hand, there will always be considerable uncertainty
concerning the assumptions on which forecasts are based, namely the
assumptions about trends in population, economic development and
the cost of using a car. On these three points, in fact, the
recorded data are not always consistent with the expectations of
the 70s:

15



Figure 3 PERCENTAGE OF HOUSEHOLDS WITH TWO OR MORE CARS

% of households with two or more cars

30 1

Forecast /

20 — S . ) Y

Observed trend

16



- The estimated number of households in 1979 was 18.8 million
as against the 17.1 million forecast in the study. The
discrepancy is easily explained by the underestimation of
a phenomenon which has marked the past 20 years, i.e. a re-
duction in the average sized household, which owes more to
the earlier departure of young people from their homes than
to a fall in the birth rate (3.19 persons per household in
1950, 3.1 in 1970 and 2.9 in 1979). It may be noted in
passing that this oversight regarding-the number of households
is partly offset by the overestimate of car ownership, but
not to such an extent that the forecast of the number of
cars owned by households finally turned out correct (17.7 mil-
lion vehicles expected as opposed to 16 million actually re-
corded). The slight overestimate of the growth in the number
of cars quite adequately explains the discrepency between the
forecast figures and what would have been forecast by extra-
polating the real trend observed between 1970 and 1973
(see Figure 2); .
- but, if there was to be a continuation of that trend , it
would also have been necessary to maintain the growth rate
which France had been experiencing for several years pre-
viously and which had prompted the experts! optimistic fore-
casts. In 1973-74, of course, came the upsurge in the pricé
of imported o0il and its two main consequences:
- an immediate increase of almost one-quarter in the rela-

tive price of motor fuel, which had 1itt1e impact on the

total number of vehicles in use, but caused a fairly
sharp drop in private car kilometrage;
- in the longer-term, stable motor fuel prices over a long

period and. a slower rate of growth in the ‘French economy

(3 per cent per annum as compared with $ per cent between
1960 and 1970). These two new trends influenced both the
number of vehicles and their use and entirely account for
the low growth rate of intercity car traffic.

Thus, virtually all the assumptions made in 1970 were invali-
dated 10 years later, usually proving over-optimistic. In the final
analysis, it is this choice of unsound assumptions that is largely
responsible for the discrepancy between the traffic forecasts for
1979 and traffic in fact recorded.
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VI. POSSIBLE IMPROVEMENTS

In the light of the above retrospecti&e analysis, it may be
asked whether it is worthwhile, for the purpose of medium-term
forecasting, to use a highly sophisticated explanatory model in con-
junction with a set of assumptions which necessarily remain somewhat
arbitrary and uncertain. Is not the quality of the instrument some-
what disproportionate to the quality of the data incorporated? In
the case under consideration, for example, a simple model in which
traffic elasticity is equal to 1 in relation to household consumption
and minus 0.2 in relation to the relative price of fuel is enough to
reconstruct the trend observed between 1970 and 1979 (see Pigure 4y,

Obviously, if any progress is to be made in this field,
cannot simply take the line of least resistance whereby the fore-
caster discards the sophisticated model because he is unable to put

one

the aim should be to ensure that
the frame of reference for the forecasts is more carefully selected.

it to proper use. On the contrary,
However, projections of demographic and economic trends, whether
can never be completely reliable.
proach to adopt would therefore seem to be to take account of seve-

national or worldwide, The ap-

ral possible scenarios, each based on a particular set of assump-
tions. The fact that many different results are obtained will not
of course make it any easier to interpret them or use them for
decision-making, but they can at least help in two respects by
showing:

- what lies within the bounds of possibility;

- what exogenous factor can significant influence the trend in

demand under consideration.

The preparatory studies for.the VIIIth Plan illustrated this
new approach in that car traffic forecasts were established for
each of four different scenarios and showed the following average
annual growth rates for the period 1978-85:

Scenario
Regulation Regulation Structural Structural
in a favour- in an unfa- | adjustment adjustment
able external | vourable in a in an
environment external favourable unfavourable
environment | external external
environment | environment
GDP 2.9% 2.5% 3.2% 2.7%
Household
consumption 3.6% 3.1% 3.8% 3. 4%
Crude oil .
price - 7 % - 7 %
Motor fuel
price - 1.5% 2.9% L, by
Intercity :
traffic 3.6% 2.8% 3.2% 2.5%

18
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INTRODUCTION

The first long-term domestic air transport demand forecasts for
France were carried out in 1965 on the basis of an analysis of the
1963 situation. The study covered the period up to 1970 ahd, some-
what more cursorily, to 1975.(1)

There were three main reasons for this choice:

- a "multi-modal" model was used to establish air transport
demand forecasts. Referred to succinctly as the "price-time-
income" model, it was the first to introduce the air versus
rail choice. The model was based on data from sample surveys
among air and rail passengers in 1963, data which provided
the basis for an analysis of the influence of demand factors;

- domestic air transport demand was growing very rapidly in the
1960s and major changes were expected in the supply situation,
so the forecasting model had to be able to take accurate
account of this very rapid growth;

- the forecast/recordéd traffic comparison can be made over a
very long period (1963-75), and it would be useful to extend
the critical analysis up to 1980 by examining the improvements
made to this first multi-modal model.

I. DOMESTIC AIR TRANSPORT IN 1963

Before describing the demand analysis methods and the forecast-
ing model, it is important to clarify the context of air transport
in the base year (1963), in terms of both the structure of the air
network and the volume of air travel in relation to total long-
distance passenger transport.

I.17 The-air network

Figure 1 shows domestic air links in 1963 with weekly flight
frequencies:

- 35 regular links (year round operation): 16 with Paris, of
which 8 relatively old-established (Nice, Marseilles,
Bordeaux, Toulouse, Mulhouse, Strasbourg, Ajaccio and
Bastia); 15 mainland links between provincial towns; 4 be-
tween the Mediterranean coast (Marseilles, Nice) and Corsica
(Ajaccio, Bastia);
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Figure 1 DOMESTIC AIR NETWORK IN 1963
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- 14 seasonal links .operated during the summer (in July and
August, often in September and sometimes in June): 6 links
with Paris, 8 between provincial towns.

It may be noted that the air network was already fairly exten=-
sive, but that the flight frequency exceeded 20 per week (i.e. ap-
proximately a minimum of 2 flights a day in each direction) on only
7 regular links with Paris, 5 of them relatively old-established
(Nice, Marseilles, Bordeaux, Toulouse and Mulhouse) plus Paris-Lyons
and Paris-Nantes.

Turbo-jet aircraft (Caravelle, Boeing 707, DC8) were already
operating some of the services on the major links over relatively
long distances (over all the older regular links with Paris, except
Paris-Mulhouse) but the other links were flown by slower aircraft
(turbo~prop or piston-engine machines).

1.2 Air.transport demand

Approximately 1 million people (990,000 paying passengers) were
carried on the domestic air network in 1963:

- 730,000 passengers on mainland links: 660,000 over links with
Paris, 70,000 between provincial .towns (the forecasts were con-
cerned with these mainland links);

- 260,000 passengers on links with Corsica.

Over the mainland links, the average flight distance for the
domestic air traveller was 590 km, a figure comparable with that of
the European traveller departing from Paris (650 km).

The rapid growth of domestic air traffic is illustrated by the
following annual increases on links with Paris: 1960/1961: 39 per
cent, 1961/1962: 36 per cent, 1962/1963: 37 per cent, and 1963/
1964 25 per cent. Growth was naturally slower over the main old-
established links (averaging over the period 1959 to 1963, 24 per
cent per annum for Paris-Nice and 29 per cent.for Paris-Marseilles)
than over the more recently opened links.

It is important to note the breakdown of the demand for domestic
air transport between the two main categories, business and private
travel. The relative shares of these two markets were ascertained
by means of a fairly large sample survey (almost 6,000 question-
naires) carried out in 1963 on the initiative of the Ministry of
Transport'!s Economic and International Affairs Service (Service des
Affaires Economiques et Internationales - SAEI) and with the colla-
boration of the Air Inter and Air France airlines:

- this survey covered all the mainland Air Inter links except

A Paris-Nice (operated at the time on a pool system by Air
France and Air Inter) and the flights operated by Air France
on the Papis—Marseilles link;

25



- the survey procedure involved two steps: a sampie of flights
on each link and a sample of pre-selected seats (the survey
covered passengers of over 14 years old occupying these
seats);

- the flights were sampled during the period between May and
November 1973 so as to provide a satisfactory picture of
demand over the whole year; the findings of the survey were
adjusted link by link (taking account of possible connecting
flights) with a breakdown between two periods: summer
(1st July to 15th September) and the rest of the year;

- the findings relate to a total of 400,000 passengers who may
be considered to be represeéntative of mainland domestic demand
with the exception of Paris-Nice (490,000 passengers if the
240,000 on the Paris-Nice link are subtracted from the total
of 730,000).

On the mainland domestic links, excluding Paris-Nice, business
trips accounted for 77 per cent of the total:
Business trips:

- work 71.0%
- work and tourism 5. 7% 76.7%
Private trips:
- tourism 9.7%
- visits to friends
or-relations 11.2% 23.2%
- other reasons ' . 2, L%

Finally, it may be noted that 13 per cent of the 400,000 pas-
sengers covered by the survey were resident abroad and 13 per cent
of the trips were to a foreign destination.

I.3 Long-distance rail transport demand

The situation with regard to long-distance train trips (over
300 km) was estimated for 1963 on the basis of a SNCF sample survey
of passengers in 1961.(2) Although the definitions for the two
surveys differ (in the air survey, the passenger count on the do-
mestic network takes account of possible onward flights on the net-
work, whereas the train "passenger" count in fact relates to SNCF
trips made on the same train, so that the same trip, on the outward
or homeward journey, may give rise to two successive trips of over
300 km on different trains). Table 1 enables us to compare demand
for air and rail travel (the air links are broken down according to
the distances between SNCF stations).

26



Table 1
MAINLAND DOMESTIC AIR PASSENGERS AND SNCF JOURNEYS

(1963)
Millions of "passengers" Air + 1st class rail
Distance Air Rail Millions | % air
1st class|2nd class| Total

301 to 600 km {0.19(1) 7.0 15.1 -] 22.1 7.2 3%
601 to 1000 km|0.29 3.4 9.3 12.7 3.7 8%
‘>1000 km 0.25 1.5 4.2 5.7 1.7 15%
' Total 0.73 11.9 28.6 |40.5 12.6 6%

% of business |[75%

trips approx 56% 23% 33% 57%

1) Including about 5,000 passengers travelling less than 300 kms,.

Thus, air transport demand in 1963 was very modest in comparison
with rail transport demand, even for very long journeys (over 600 km):

- first-class SNCF travellers, who represented a potential demand
for air travel for both business and private purpbses, accoun-
ted for almost 12 million Jjourneys. A more detailed analysis
of points of departure and destination showed that the annual
number of journeys (taking account of possible changes of train)
over links where the air network might compete (links where air
services existed or where such services could be opened in view
of the distance and the Size of the conurbations concerned)
totalled about 8 million, approximately 6 million of which
being on "home-destination" links within France;

- attention should also be drawn to the large number of second-
class long-distance train journeys {(more than 13 million jour-
neys of over 600 km) which included short-stay personal trips
by potential air passengers.

The modest growth of mainline SNCF traffic can be seen from the
following annual increases in passenger-km: 1960/1961: 4.8 per cent,
1961/1962: 6.5 per cent, 1962/1963: 0.6 per cent, and 1963/1964:

0.9 per cent.

Further information on rail transport demand was provided by a
sample survey carried out in 1963 on the initiative of the SAEL with
the co-operation of the SNCF:

- the survey was conducted among first-class passengers on the
main trains on the following five links: Paris-Lyons/Bordeaux/
Toulouse and Lyons-Nantes/Mulhouse;

27



- it provided data for studying rail transport demand on these
five links and also on the Paris-Marseilles and Paris-Nice
links;

- it covered about 1,900 passengers, about 1,100 of whom travel-
led on the above seven links, giving a breakdown by stations
of departure and destination;

- as the survey was'carried out’ between the 23rd September and
23rd November, 1963, the findings tend to be more representa-
tive of the "non-summer" period, but were nevertheless applied
to the 1963 traffic as a whole: a total of 2.35 million jour-
neys on the seven links taken together.

Table 2 below:

- shows the demand for first-class train travel on the seven
links and differentiates between "short" distances (home and
destination in the same @épartements as the stations, Seine
and Seine-et-Oise being considered as a single département)
and "longer" distances (either the station of departure or
destination in a neighbouring département);

- enables us to compare air and rail demand. On the main links,
the air share is higher than in Table 1 and can be seen to
increase with distance.

Table 2

NUMBER OF JOURNEYS BY AIR AND FIRST CLASS RAIL ON SEVEN LINKS (1963)

No. of journeys ('000s)
' R 1st class .
: Rail . Air
Link Air | Total(1) | OF jhich + | air share
' distance rail (%)
Paris-Nice 238 430 . 270 668 36%
Paris-Marseilles 156 390 240 . 546 29%
Paris-Lyons 73 850 350 | 923 8%
Paris-Toulouse 53 170 130 223 24%
Paris-Bordeaux 38 450 250 L88 8%
Lyon-Nantes 7 18 6 25 28%
Lyon-Mulhouse 7 29 12 46 15%
Total 572 2,347 1,258 2,919 20%

1)

Départements included under the definition "longer distance!"
journeys: ’

Nice: Basses~Alpes, Hautes-Alpes, Var

Marseilles: Gard, Hérault, Vaucluse

Lyons: Région Rhdne-Alpes, minus Rhéne

Toulouse: Aridge, Aude, Gers, Tarn, Tarn-et-Garonne
Bordeaux: Charente, Charente-Maritime, Dordogne, Landes,
Lot-et-Garonne

Nantes: Ile-et-Vilaine, Maine-et-Loire, Morbihan, Vendée
Mulhouse: Bas-Rhin, Territoire-de-Belfort,
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This survey showed that business trips accounted for 68 per
cent of both the "short" and "longer" distance journeys on these

seven links.

II. ANALYSIS OF DEMAND FACTORS

Demand analysis is a prerequisite for the construction of a
forecasting model and in this case was carried out on the basis of
the above-mentioned sample surveys of air and SNCF passengers.

These surveys provided some very interesting data on the nature

of air and rail jJjourneys:

reason for travel: the analyses and the forecasting model
obviously differentiate between the two separate markets for
business and private travel;

passenger's home: “the analyses mainly covered travellers
resident in France;

duration of trip (length of absence from home);

number of persons travelling together.

However, these surveys were primarily used to analyse the role
played by socio-economic factors, i.e. the socio-economic charac-
teristics of the passengers, with particular reference to:

the influence of income;

the possible influence of age, insofar as such influence
should be interpreted as a "generation" effect in the demo-
graphic sense of the term.

This analysis focused on the influence of socio-economic factors
on both air travel mobility and the rail/air modal split.
In addition, the "price-time-income" model enabled us both to:

clarify the role of socio-economic factors in the rail/air
modal split;

highlight the comparative influence of transport supply
characteristics. ' ’ ‘

I1.1 Socio*economie,faétors«relevantwtoqair.travel~mobility

a) Definition-of.mobility

Mobility is defined as the number of journeys (a single leg of
a round trip) per 1,000 persons resident in France;

for private travel, mobility was calculated per 1,000 persons
over 14 years old;

the analysis of business travel was confinedvto men, who
account for 95 per cent of air journeys;

mobility was calculated per 1,000 gainfully employed men.
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The principle of mobility analysis is simple: it simply calls
for a comparison of the travel survey findings, broken down by in-
come or age groups, with similar data for the whole population de-
rived from statistics compiled by the National Institute for Sta-
tistics and Economic Studies (INSEE) (1962 census, income statis-
tics, data from sample surveys of households).

A number of difficulties had to be resolved, however, and we
shall return to them later:

- theoretical difficulties due to the fact that the socio-
economic variables (income, size of family, age) are
interrelated;

- practical difficulties mainly concerned with income
measurement:

- first, household income has to be interpreted differently
according to the reason for travel: in the case of private
travel and to give a better idea of a "standard of living",
the income has to be converted into "income per unit of
consumption", while in the case of business travel, house-
hold income is assimilated to the passenger!s income, which
assumes both that the passengers are mainly heads of house-
holds and that their income accounts for the bulk of the
family incomej;

~ secondly, income data from different sources (surveys and
overall population data) are not strictly comparable: gross
(pre-tax) and net income, possible measurement errors.

b) The.Vlognormall-model-.for-estimating-income-elasticities

It is a well-established fact that the distribution of house-
holds by annual income is approximately "lognormal and will be de-
fined by the two parameters of the corresponding normal distribution
(statisticél distribution according to the Napierian log of the iﬁ-
come): mean m and standard deviation ¢ . The statistical distribu-
tions according to household income of persons not under 14 and gain-
fully employed men are also close to lognormal.

The distribution of air -journeys (private journeys, business
journeys for men) according to household income were found to be very
close to lognormal, with the same parameter ¢ as for the correspond-
ing population. o

This last property (same standard deviation ¢ )} indicates that
the coefficient of elasticity is relatively constant, an assumption
that is in fact readily verified by calculating mobility per income
group, since it can easily be demonstrated that:

- given the assumptions: lognormal distribution (m, ¢ ) in the
population and constant elasticity of mobility a,

30



~ the distribution of journeys according to income is lognormal

(m + aco 2,0 ).

It is therefore easy to estimate the income elasticity of mo-
bility from the two cumulative income curves (population curve and
journey curve), "Crude" elasticities, i.e. not corrected for the
possible influence of other socio-economic factors were obtained:

- for private air Jjourneys: a = 2.2;
- for business air Jjourneys: a = 4.6,

The elasticities calculated in this way relate in principle to
gross income (before deduction of income tax):

~ which is satisfactory for business travel: the cost of labour
is clearly related to gross income;

- but is less satisfactory for private travel: calculated in
relation to net income, the elaSticity would be about 3.

c) Assessment-of-the-roles-of-the-different.factors

As regards private travel, it is important to:

- calculate a relevant income elasticity with due regard to the
correlations between household income and the other socio-
economic variables (size of household, age);

~ show the specific influence of age on air travel mobility.

The method used to identify the separate roles of the different -
variables involved a series of approximations and can be described
briefly as follows:

- by adjusting income elasticity around the crude value obtained
as described above for sub-populations of households by size,
it was found that a value between 2.5 and 3 was most commen-
surate with an approximate scale of units of consumption (1st
adult = 1 unit, additional person = 0.6 unit);

- given this range of 2.5 to 3, the age effect could be clearly
ascertained and showed air travel mobility decreasing after
45 by some 20 per cent for the 45 to 54 age grouﬁ and 30 per
cent for the 55 to 64 age group (beyond which the findings
are very arbitrary). It may be noted in passing that women
have about 15 per cent less air travel mobility than men in
the same age and income groups;

- after eliminating the "sex" and "age" effects, the calculated
mobility for each size of household led to an average income
elasticity of 2.5 to 3, depending on whether the income was
gross or net. '

Where business travel is concerned, it is much more difficult
to interpret the findings:
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- the very high crude income elasticity indicates the relation-
ship between income and the job held in the firm;

- the marked age effect (diminishing from 45 onwards) is also
disrupted by the job structure}

- more knowledge about the role of these factors can primarily
be acquired by comparing the data on air and first-class rail
travel.

II.2 Socio=-economic.factors.relevant to the aif/rail modal split

a) Income.elasticity of mobility

Crude mobility elasticities for rail travel were calculated as
for air travel by using the lognormal model and assuming elasticity
to be constant, a method that proved to be sound.

Table 3 summarises the results obtained.

Table 3
INCOME(1) ELASTICITY OF MOBILITY
(Crude data)

Business Private

Results for each mode travel(2) travel(3)
Domestic air Journeys (a) L.6 2.2
First-class rail Journeys

on 7 links (b) 3.4 1.4
Train journeys over 300 km

- 1st class (c) . 4,2 1.7

- 2nd class (d4) 1.5 0.2

1) Household income.
2; Mobility calculated per gainfglly employed male,
3) Mobility calculated per inhabitant aged 14 and over.

Differences in elasticity between one mode and another are
particularly interesting since they reflect the income elasticity
of the ratio of the two demands. In the case of business travel,
for example, (a and b) = 1.2 represents the elastidity of the DA/DT
ratio (DA = demand for air travel, DT = demand for first-class train
travel). It must be stressed that these elasticities of demand ra-
tios (which can be calculated directly without adopting the assump-
tion of the lognormal model) are estimated more accurately than mo-
bility elasticities because they are based solely on the incomes de-
clared in the 1963 surveys whilst the estimation of mobility elasti-
cities is affected by the lack of comparability between revenues de-
clared in the surveys and revenues pertaining to all households.
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These results clearly show how income level influences passenger
choice among air, first-class rail and second-class rail travel but,
if they are used to forecast the comparative rates of growth in the
different modes on the strength of increase in real incomes, two

problems arise:

- first, the possibility of substitution involving three modes
of transport (air, first-class rail and second-class rail)
makes interpretation difficult;

- secondly, the overall results (for example, in terms of the
seven links) relate to a by no means homogeneous set of links
and this structural effect may introduce bias into. the elasti-
cities of demand ratios.

Accordingly, further analysis called for the construction of a
"price-time-income" model with the dual aim of:

- introduéing.the different links separately; and
- "explaining" the income elasticities of the DA/DT ratio.

Before describing this model, it may be said that the rail sur-
vey data on mobility as a function of sex and age also provided a
clearer picture of the generation effects.

b) The.Wprice-time-income"-model

This model is based on two simple principles:

First, the choice between rail and air travel is the result of
a trade-off by the passenger between the time saved by air travel
and the difference in fare. From the conventional standpoint of
."generalised" individual cost (¥ = p + ht) (p = price paid; t = door-
to-door journey time; h = the value the traveller puts on one hour
of his time), travellers choosing air transport are those for whom
h>(p, - Pp)/(tg - t,).

Secondly, the individual value of h is correlated with income
level,

To build the model, the principles adopted have to be set out
mathemetically.

We know that the distribution of journeys as a function of
income i is approximately lognormal, of parameters m and ¢ (mean and
standard deviation in the normal distribution of nd i).

It was assumed that nd i and nd h follow a normal distribution
with two variables. Therefore:

- the slope of the line of regression of nd h with respect to
nd i is, as a first approximation, the coefficient of elasti-
city e of -the mean value of h with respect to ij;

- the "marginal" distribution of journeys according to h is
also lognormal, of parameters m' andoe ';

33



be the standard deviation of the distribution con-
2 _2 2
= e (-4 .

+ 0
C

- letting e

€
ditioning nd h, we have the simple equation: ¢

Differentiating between business and private travel, we analysed
the five ("short") links for which the supply of air services was
relatively good and where the 1963 surveys provided data on demand
for air and first-class rail travel (the links between Paris and
Bordeaux, Lyons, Marseilles, Toulouse and Nice, the demand structure
for the Paris-Nice link being estimated by analogy with the other
links). The aim of these analyses was to test the model and esti-
mate the numerical values of the parameters.

Figure 2, covering business travel, shows that the statistical
distribution of the journeys (air plus first-class rail) according
to the value of h is quite compatible with the assumption of a log-
normal distribution. The value of ¢ ' is 0.79, as compared with
o= 0,55, The picture is similar for private travel, with ¢ ! = 1.10
and o = 0.75.

Figure 3 shows the elasticity of DT/DA with respect to h for
business travel, where e = 2,2. For private travel, the picture is
similar with e = 1.4. It should be emphasized that the constant
elasticity found is consistent with the assumptions: the normal
distribution function followed by the statistical distribution of
DT/(DA + DT) as a function of nd h is numerically close to a "lo-
gistic" distribution, and the property "nd DT/DA is a related func-
tion of nd h" is characteristic of the logistic distribution.

Let us note in passing that:

-~ the statistical distributions of the journeys (air plus first-
class rail) in 1963 according to the value of h, give a me-
dian value of Frs.11 per hour for business travel and Frs.7 per
hour for private travel, the mean values being higher and
closer (Frs.13 to Frs.14 per hour);

- for air journeys, the mean values of h are considerably higher
(Frs.30 to Frs.35 per hour).

As regards elasticities of h with respect to i, the expectation
was:

~ a value close to unity for business travel, since tﬁe hourly
cost of time was expected to be related to the hourly cost of
labour;

- -a value considerably higher than unity for private travel, by
analogy with consumer behaviour vis-a-vis goods or services
which are not "prime necessities".

The elasticities were calculated in two ways on the basis of
the surveys:
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Figure 2 STUDY OF Dy /(Dy+Dy) AS A FUNCTION OF h = (pp-py)/ (ty-ta)
(Business travet)
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Figure 3 ELASTICITY OF Dy/Dp IN RELATION TO h = (P -PT)/ (ty=ty)
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- first by "disaggregating" the model according to certain
classes of ij; )
. - secondly, on the basis of the comparative values of ¢ and o¢';
adopting reasonable assumptions in respect of e, .

In short, these elasticities were estimated at 0.7 for business
travel and about 1.4 (a not very precise estlmatlon) for private
travel. Taking into account the e elasticities (of D /D with
respect to h), the following elasticities of DA/D w1th rgspect to
i were obtained:

- 1.5 for business travel, a value close to that obtained by
the overall analyses /see paragraph II. 2(a17

- approximately 2.0 for private travel, a value higher than
that obtained by the overall analyses.

It should be emphasized that, while the elasticities of DA/DT
are close for the different links, this is not true of the elastici-
ties of DA/(DA + DT), which depend on the market shares of the two
modes.

II.3 The-influence.of~transport.supply

a) Experiencéwacquired~with-the-"priceqtime?income" model

The regression lines of nd (DA/DT) as a function of nd
/R = (pA - pT)/(tT - tAl7 provided a means of examining the res-
ponsiveness of DA/DT as a function of the supply characteristics of
air or rail transport: transport price P, OT Pgj journey time tA or
tT'

It should be noted that the elasticities of DA/DT with respect
to price and time:

- differ for business and private trips,

- differ according to the link,

- are not constant, given the considerable variations in price
or time.

The same is true of the elasticities of DA/(DA + DT)'

b) Other.gqualitative.aspects-of .service

A "good" quality of service in air transport supply means a
minimum of two direct flights per day in each direction at the begin-
ning and end of the working day (so that a return trip can be made in
one day) and the use of high-speed aircraft.

We saw that in 1963 such services existed on only a few links
with Paris and that these "good" links provided the bases for the
econometric analyses of the air/rail modal split. It is to be noted
that in the study of DA/DT as a function of h = (pA - pT)/(tT
the links with a low service frequency, such as Lyons-Mulhouse and

t,),

Lyons-Nantes, lie well below the regression line.
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It was necessary to analyse the influence of the poor service
frequency during the early years of operation and, more generally,
the gradual effect of adapting demand to supply according to what may
be called "the maturity level of the line". The analysis consisted
of building a "development model for new lines", of the type:

= —_ o .
Dij = K(x xo) Dij’ where:

- ng represents the demand level on maturity of the line,
reached in year X553

- the function K(x - §0) represents both the general trend
(influence of the factors for lines which have reached ma-
turity) and the "immaturity" effect (deviation from this trend

for x< xo).

This analysis led to the adoption of a function of the type
K(x ~ x,) = ep(x - x,) (for x < X,), i.e.: nd K(x - x) =

- e B (X = %) 1y fact:

- this function corresponds to a linear relationship between
normal distribution of K and the annual rate of growth of K
(or of Dij): nd K =x -pm v (M and p being easily expressed
as functions of a and B);

- after having calculated K = Dij/ng’ by estimating ng by
means of a gravity model (as a function of the populations
P, and Pj of the conurbations i and j and distance dij)’ a
good linear correlation was noted between normal distribution
K and ¢ (the values of T were calculated for the different
links as an average over several years; for the old-established
lines, two successive periods were taken into account);

- the parameters of the model were determined on the basis of
this regression.

ITI. THE FORECASTING MODEL

IIT.1 Taking-account.of.socie~econemic.factors

The aim was to estimate medium-term trends resulting from the
influence of different factors:

- population growth and urban concentration;
- growth of real incomes;
- possible age and generation effects.

These last effects were found to be relatively weak, the genera-
tion effect being partly offset by changes in the age pyramid: an
increase over five years of no more than about 1 per cent in both
business and private trips.
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As regards the other socio-economic factors, the information
derived from the analyses prompted the use of two different models,
one for business travel and the other for private travel.

a) Business-travel.in.1970

It was assumed that the choice between air travel and other
modes was mainly limited to the choice between air'and first-class
rail.,

The procedure consisted of:

~ estimating the medium-term growth rate for all business travel
(air plus first-class rail);

- taking account of the influence of real income growth on the
air/first-class rail modal split.

-Analysis of the trend of passenger-kilometres travelled by air
and first-class rail showed: :

- steady growth between 1960- and 1964 with an annual rate of
increase of 8.6 per cent;

- that rates of growth for business and private travel should
be quite similar.

On the assumption of a continuation of past trends in total
population growth and urban concentration on the one hand and in
real incomes on the other (annual rate of increase in per capital
real incomes of 4 per cent), we obtained a growth rate of 8 per cent
per annum in business travel.

By combining'this assumption with that of an elasticity of
1.5 for the ratio DA/DS (obtained by the price-time-income model},
applied to. a 4 per cent annual increase in real per capita incomes,
we obtained an annual growth rate of almost 14 per cent (13.7 per
cent) in the number of business trips by air (general trend for ma-

ture services).

b) Private~travel-in-1970

The analyses showed that modal choice could not be limited to
air and first-class rail travel, as "substitutions" between air and
second-class rail or car -travel were certainly important.

It was not possible to make accurate estimates of:

- first, past trends in overall demand for long~distance
travel; X

- second, elasticities of substitution between the different
modes as a function of growth in real incomes.

Accordingly, the procedure adopted was:

- to take an income elasticity of demand for air transport
alone: Dby applying an elasticity of 2.5 to an annual rate
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of increase in per Eapita real incomes of 4 per cent, we ob-
tained an annual rate of increase in private air joufneys of
over 10 per cent (10.3 per cent) with a constant population;

- to assume an annual increase of some 2 to 3 per cent in the
population of the large conurbations, allowing for an effect
on the growth of private travel of about 3 per cent per
annum.

In the last analysis it was found that, given the influence of
socio-economic factors, the medium-term growth rate for private
travel could be expected to be similar to that for business travel,
i.e. about 14 per cent per annum,

I1I.2 Taking.account.of improvements in air transport supply

The forecasts were based on the aséumptidn that the price terms
of competition between air and rail would be unchanged: more pre-
cisely, it was assumed that fares would remain at the same level in
real terms,

As regards changes in quality of service:

- no account was taken of improvements in train services;

- in the case of air transport, allowance was made for the
gradual introduction of improved service (increased flight
frequency, development of jet aircraft) on a link by link
basis, but on a general basis for each link by means of the
line development model discussed above.

III.3 Forecast traffic

The forecast traffic on mainland domestic flights fop 1970 was
3.4 million passengers, i.e. traffic was expected to increase by
4.7 times during the period 1963-1970 (730,000 passengers in 1963).
Of the 3.4 million passengers, 2.9 travelled on links existing in
1963, i.e. traffic increased almost four times, thus showing an an-
nual rate of increase of almost 22 per cent - very much higher than
the overall figure of 14 per cent - and providing a clear indication
of the role to be played by improvement in supply.‘

For the period 1970-1975 an overall increase of about 13 per
cent per annum was forecast, i.e. traffic was expected to increase
1.84 times over five years and 6.3 million passengers were forecast
for 1975. '
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IV. FORECAST/RECORDED TRAFFIC.COMPARISON

After comparing the figures, we shall undertake a critical
analysis of the model and the basic assumptions.

IV.1 Statistical-.comparison

a) Overall.demand

For 1970, Table 4 shows that:

- the forecast for total mainland domestic flights (3.4 million
passengers) came very close to the figure recorded (3.3 mil-
lion), but

- the demand for links with Paris was underestimated by 15 per
cent (2.9 million actual passengers compared with 2.5 million
forecast) and that demand for links between provincial air-
ports was very much overestimated (0.4 million passengers as
compared with alﬁ%st 1 million forecast).

Figure 4 shows the annual increases in the number of passengers
on the mainland domestic air network:

- up to 1966 growth was almost exponential, with an annual rate
of increase close to 35 per cent (34.9 per cent for the period
1960-1966) ; .

~ from 1967, the rate of growth slowed and entered an approxi-~
mately linear phase of development, slackening off in 1974-75
following the economic downturn and the first oil crisis.
There was an average annual increase of 473,000 passengers
over the whole period 1969-1978, but an increase of 536,000
a year from 1969 to 1972, 288,000 from 1972 to 1975 and
595,000 from 1975 to 1978.

The forecast for 1975 (6.3 million passengers) was an over-
estimate. It was based on an average annual rate of increase of
13 per cent over the period 1970~75, whereas the actual rate was
only 10.3 per cent. It should be noted that this forecast lies on
the extended linear trend line for the period'1969-72.

b) Reasons for travel

It should be borne in mind that, on the basis of the analyses
made,'the forecasts assumed the same rate of growth for business and
private travel, an assumption that was in fact confirmed since busi-
ness trips accounted for:

- about 75 per cent of passengers in 1963, taking the Paris-
Nice link into account;

- 73 per cent of passengers in 1968, according to survey data
obtained by the Air Inter Company in 1968-69.(3)
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Table &4
FORECASTS AND RECORDED FIGURES

(Annual number of passengers on mainland domestic flights)

1970
1963 Forecast Recorded figures
. 1000 ’ Forecast
Type of link . 1000 % per annum 1000 % per annum :
JOUrneys | sourneys 1963-1970 | passengers(1) 1963-1970 . Recorded figure

With.Paris '
Links existing in 1963 660 2,400 20.3 % 2,570 21.4 % 0.93
New -1inks - 60 - 340 . ) 0.18

Total 660 2,460 20.7 % 2,910 23.6 % 0.85
Between-.provincial airports
Links existing in 1963 70 500 32.4 % 180 14,4 % 2.78
New links ' - 470 210 2.24

Total 70 i 970 45,6 % 390 27.8 % 2.49
Total
Links existing in 1963 730 2,900 21.8 % 2,750 20.9 % 1.05
New link's - 530 550 0.96

Total 730 3,430 24.7 % 3,300 24.1 % 1.51

1) Passengers who change aircraft on the domestic network are counted twice (1 journey = 2 passengers). This
differerence in definition influences the comparison slightly.



Figure 4 INTERNAL CONTINENTAL AIR TRAVEL - COMPARISON
OF FORECAST AND RECORDED DEMAND

Miltions .ot passengers (log. scale)

9.0

- .

] 1975 forecasts (3/,/
5.0 - e

4.0 4

1970 forecast /
3.0 //
20 : :

\\

Lo e

L1 Lt
w
b4
173

\;,\

0.5
0.3 /
T T on ™ L a— T T T T
1960 1965 1970 1975 Year
Millions .of passengers
9 .
8
7 il p.)
6 1975 forecast @ /
5 //
. V///
1970 forecast
3 //)
2
l //
[« Base
0 L T T T L T L) L T T T 1 L T A v
1960 1965 1970 1975 Year

42



IV.2 A critical-analysis of the assumptions

a) The-socio-economic-context

It will be recalled that the forecasts were based on the assump-
tion of a 4 per cent annual increase in real incomes per capita.

ThIs éssumption turned out to be:

- realistic for the period 1963-70, per capita GDP having in-
creased by an average of 4.5 per cent per annum in real terms;

- an overestimate for the period 1970-75, the real growth in per
capita GDP being only 3.2 per cent per annum, which at least
partly explains why the forecast for 1975 proved to be too
high.

b) Air transport supply

The forecasts were also based on the assumption that air and
rail fares would follow the general trend of prices.

In order to calculate precise indices for air and rail fares, a
special study would be required, particularly for the 1970s when
substantial changes were made in both air and rail fare structures.

According to rough calculations:

- during the period 1963-70, there was a slight increase (be-
tween 5 and 10 per cent) in real air and rail fares;

- during the period 1970-75, average revenue per passenger
kilometre, in real terms, remained at the same level for air
travel and fell by about 10 per cent for rail travel, which
helps to explain the discrepancy between forecast and recorded
traffic figures for 1975.

As regards the geographical structure of the network, we have
seen that the 1974 forecasts:

- underestimated demand for links with Paris (both light-traffic
links in 1963 and new links). In fact, only two new links had
been planned (with Grenoble and Montpellier) whereas there was
substantial demand on a number of other links in 1970 (with
Chambéry, Lille, Metz, Nancy, Rennes and Toulon);

- overestimated demand between provincial airports, both for
links existing in 1963 and new links.

Any attempt to explain these discrepancies in terms of the
quality of service offered would call for a lengthy process of re-
construction of flight frequencies, link by link, for the period
1965-70,
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IV.3 A.critical analysis of the model

For links that were already relatively important in 1963, the
model proved useful for forecasting general trends in demand under
the influence of socio-economic factors and improved transport
supply. )

As already indicated, the trends for the other links would have
to be examined link by link if, in explaining the diserepancies, we
wished to determine:

- first, the influence of the quality of service supplied: in
particular, demand assumed to be met by direct links may be
met by flights involving changes if there are not enough
flights on direct links;

- secondly, the soundness of the estimate of demand for links
reaching "maturity", which was probably too high for "cross-
country" links since, owing to the concentration of administra-
tive functions in the Paris area (both public services and
private firms), gravity models based on the population of
conurbations and essentially adapted to radial links are bound
to overestimate demand for "cross-country" links.

V. IMPROVEMENTS TO FORECASTING MODELS

V.1 Improvements to the multi-modal-.model

The "price-time-income" model for forecasting demand for air
transport, based as previously on competition between air and first-
class rail, has been gradually improved by the Civil Aviation Ser-
vices and Air Inter:

- the increased mobility ("induced traffic") due to the reduc-
tion of "generalised cost" or "generalised time" was taken
into account in a more explicit way in 1969(%4);

- the daily flight frequency F was taken into account by means
of a time equivalent A /F in 1970-71(5);

- these models are periodically updated by the Civil Aviation
Administration and by Air Inter as the recorded data on traf-
fic enable improvements to be made to the "base year" of the
model.

The "price-time-income" model was extended to all modes (air,
rail, car) and all inter-regional journeys (business and private) in
1973 under the auspices of the SAEI by the TRIP (Inter-regional
Passenger Transport Working Party). This model simulates individual
behaviour on the basis of Journey samples:
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- it simulates the influence of quality of service on modal
choice and mobility by means of individual generalised times;

- these generalised times take account of the comparative ad-
vantages and drawbacks of the different modes (from the pas-

senger's standpoint) by means of probability functions;

- seven modes of transport are differentiated: "air", four
"rail" modes (distinguishing between first and second class
and day and night trains), two Mcar" modes (with or without
the use of toll motorways);

- the frequency and time slots of publib transport timetables
are taken into account by simulating passenger choice on the
basis of discrepancies between preferred and offered times;

' - in order to determine the traffic "potentials" of conurbations
(the "emission potential" of the conurbation where the travel-
ler resides, "reception potential" of his destination conur-
bation) an "intensity" of interchange is used, which varies
according to the reciprocal function of the conurbations in
the regional framework.

This multi-modal model was developed and first applied to busi-
ness travel between the Paris conurbation and the large provincial
conurbations in the period 1973-76(6)(7) on the basis of surveys
carried out in 1968-69.(3) The IRT (Transport Research Institute)
has undertaken to modify the model (to give better internal coherence
in relation to a car ownership development model) in order to be
able to apply it to new crude data which will shortly be available
(surveys carried out among rail, car and air passengers on the Paris-
South East corridor and the "Transports 1981" survey carried out by
the INSEE on a national-wide sample of households).(7)

V.2 Scope-for-forecast recorded traffic comparisons

The comparisons given here for the period 1963-70 and, more
briefly, for the period 1970-75, could be extended to the present
time by examining the more recent models mentioned above, but this
would involve a great deal of work in the critical analysis of these
models and in the collection of data.

CONCLUSIONS

The initial "price-time-income" model, which was used during a
period of rapid development of domestic air transport in France, was
found to be- valid for long-term forecasting (to 1975 on the basis of
the 1963 situatidn). Its deficiencies, which have been offset in
more recent models, relate mainly to its application to "new" links
and "recent" links with a low demand in the base period and have two

separate causes:
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an intensity of interchange which varies according to the
reciprocal function of conurbations in the regional frameworkj;
the importance of the quality of service of the air transport
" supply (flight frequency and time schedules).
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INTRODUCTION

In the case of public transport systems, which are the'prime
concern of this paper, demand forecasts esseritially serve two types
of function: first, as an aid for project design and, more particu-
larly, as a basis for decision-making through socio-economic feasi-
bility studies; secondly, as a means of fine tuning of the operating
procedures of a transport system (station facilities, service fre-
quencies, interchanges, etc.) and the restructuring of the surface
network when a dedicated infrastructure comes into service.

Forecast/fecorded traffic comparisons can be made here as there
are many cases in which such comparisons may be meaningful. Exam-
ples will here be taken from the Paris region as well as from the
Lyons and Frankfurt metros. '

It will however be seen that this rather crude comparison of
forecasts and recorded traffic does not obviate the need to analyse
the modelling process itself. In particular, it will be found that
certain ambiguities as regards the specific status of traffic fore-
éasts have to be resolved since this is the only means of improving
methods of establishing and using forecasts in decision-making.

I. SOME CASES OF DISCREPANCIES BETWEEN FORECASTS
AND RECORDED TRAFFIC

In examining overall traffic forecasts for new public transport
lines, a few cases will be reviewed in some detail - Lyons and
Frankfurt metros, the Paris Regional Express Network and the junction
of metro lines 13 and 14 - while some other Paris projects will be
touched upon. It will be seen that, although the scale of discre-
pancies between forecasts and recorded traffic varies greatly, such
discrepancies are invariably due to the fact that the forecgsts are
on the high side.

I.1 Lyons metro

As regards Lyons metro line 2, which entered service in
May 1978, two types of forecast are considered: those made in 1970
for an inter-ministerial working party studying the advisability of
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this investment, i.e. forecasts to be used as aids to decision-
making, and those made in 1978 just before the line was opened,
which were mainly to assist the operating authorities. The follow-
ing table shows the relevant main forecasts and recorded traffic:

Daily Public % of jourmeys
traffic | transport involving metro-bus
Line A network(1) interchanges

1970 forecast

of 1975 traffic 140 000 520 000 57%

SEMALY 78

Estimate 123 000 430 000 36%

Jan 79

Recorded traffic | 118 000 453 000 52%

Mar 80 .

Recorded traffic 137 000 - -

1) These journmeys could therefore involve several ihterchangeé
between one section of the public transport network and another.

I.1.17 The 1970 forecasts

The 1970 forecasts were established to provide data for a
multi-criteria feasibility study for the Lyons metro. The model-
ling procedure used was greatly simplified in the modal split
phase(1) where pre-determined coefficients were used. It should
also be noted that these coefficients were conceived both as fore-
casts and as modal split objectives, as it was in fact considered
that many factors extermal to the broject itself, but which would
influence these coefficients, depended on the policy to be adopted
by the local authority as regards fares, the public transport image,
constraints on car-use, etc.

These coefficients were thus considered to be the result of an
overall policy for the promotion of public transport, which inclu-
ded the metro project.

A forecast/recorded traffic comparison shows that the fore-
casts were slightly high, with the scale of the over-estimate de-
.pending on the terms of the comparison. A few months after. the
opening, the over-estimate is about 20 per cent, but after :18 months
of operation - thus, as seems more reasonable, allowiﬁg time for the
new equilibrium to be established ~ the over-estimate is
insignificant.

1) Instead of using a conventional model based on generalised costs,
modal split was determined according to a simplified matrix of
percentage utilisation of public transport, distinguishing be-
tween type of journey (within city centre, centre-periphery,
periphery—periphery), the hour of day and, of course, metro
services to the areas in question.
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It should however be noted that the original time horizon for
the forecasts receded owing to delays in deciding to go ahead with
the project, which meant that it was completed at least three years
later than originally planned. By and large, therefore, it may be
said that, while there was an over-estimate, it was within reason-
able bounds and can unequivocably be attributed to over-optimistic
assumptions about modal split. ‘

I.1.2 The 1978 forecasts(1)

The model used for the 1978 forecast is one specially designed
for analysing public transport traffic. It is a uni-~modal (public
transport) growth factor type model based on marginal changes (in
populations of zones) and elasticities of demand in relation to
generalised time with reference to traffic recorded at the time of
the study.

This model explicitly assumes that the bulk of the users of the
new public transport infrastructure will be already public trans-
port users (relativély few modal switches away from the car are
expected).

A forecast/recorded traffic comparison shows that the total
traffic of the network was under-estimated as a result of an under-
estimation of surface network traffic in conjunction with an over-
estimation of metro traffic., Closer analysis of the recorded traffic
reveals the source of these discrepancies: firstly, induced traffic
(in particular increased mobility) turned out to be greater than ex-
pected and, secondly, there were fewer route changes (switches from
bus to metro) than expected.

It will also be noted that forecasts were made for each station.
The discrepancies were greater here and involved both under- and
over-estimates. As would be expected, the greater the degree of
disaggregation of the forecast, the greater the discrepancies are
likely to be. Conversely, errors in the component parts of aggre-
gated forecasts can offset one another, which may therefore make such
forecasts more reliable. '

I.2 Frankfurt metro(2)

The Frankfurt metro entered service in 1968. We shall examine
the forecasts made in 1961 and the traffic recorded in the 1970s.

The 1961 forecasts are seen to have been much too high as the
1968 traffic amounted to only about one-third of the forecast
figure (see graph). The 1968 forecasts were also too high

1) Based on a Note by the SEMALY (the compahy operating the Lyons
metro) of June 1979.

2) This section is based on a paper delivered by Dr., H,P., WEBER at
the Grainau Conference "Fourth International Conference on Travel
Behaviour Modelling" (July 1979) which provided data on the
Frankfurt metro obtained from a study by the Battelle Institut.
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FRANKFURT METRO TRAFFIC FLOWS BETWEEN
HAUPTWACHE AND HEDDERNHEIM

"Daily traftic in each direction
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Source : . Dr. Hans Peter Weber.
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but closer to the recorded traffic figures. Aside from the rather
unsophisticated nature of forecasting models in 1961, two main
factors explain the very large over-estimate:

- the population forecasts, showing an increase from 665,000
inhabitants in 1960 to 790,000 in 1990, were widely off the
mark, as the population would séem to be falling rather than
rising and the current forecast for 1990 is around‘600,000
inhabitants. The pattern of migration from city centres to-
ward peripheral dormitory suburbs was not foreseen and assump-
tions about population trends obviously have a direct effect
on traffic forecasts;

- the modal split.assumptions were also apparently over-
estimates and the data available in 1968 and 1971 seemed to
indicate a slight fall in the percentage utilisation of pub-
lic transport, a development that was probably attributable
to the road investment policy pursued elsewhere in the con-
urbation which facilitated the use of the private car (and no
doubt encouraged migration away from the city centre).

The latter point highlights a problem central to any forecast-
ing, namely the definition of the enyironmental conditions, that is
to‘say the state of the system when the project is being implemented.
At the time the forecast is made, one has to assume that these con-
ditions will remain more or less unchanged, but this is clearly un-
likely since decisions that will have a major influence on traffic
forecasts will be taken elsewhere.

I.3 Paris Regional Express Network (RER)

The Paris Regional Express Network is a global project com-
prising a number of sub-projects which can be considered independ-
ently and have come into service at different times. Forecast/
recorded traffic comparisons can be made for each section on the
basis of official documentation, although in many cases several
forecasts have been made, sometimes by different bodies.

The following features will be noted, though 'a more detailed
analysis would be necessary to determine the causes of the dis~
crepancies observed:

-~ new sections always come into service several years after the
date on which the forecast is based, since it seems that
there are invariably delays in the implementation of trans-
port projects;
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RER_TRAFFIC

(evening rush hour, average day)

Year %
RER Section of ‘Forecast Recorded
Study error
Nanterre - 1970: 22 to 25 000(1977: 12 000 .
L4 Défense 1967 [1975: 25 000 + 100% .
Nation - ; 1970: 22 000(1977: 14 000
Boissy St-Léger 1975: 25 000 + 80%
Auber - 1975: 31 500(1977: 22 500
Nation 1970 to 33 800[1979: 27 000 |+ 50%
Marne-la-Vallée 1975 27 500(1978: 21 500
Branch 11971 1979: 24 300 |+ 30%
St-Germain 1975: 29 80011978: 14 500
Branch 1970 1979: 16 600 |+ 100%
Sceaux - 1975 - Chételet - 1977: 10 000 |+ 50%
Ch&telet Line 1971 |Luxembourg 14 400(1979: 20 000 [+ 30%
1975 - Denfert -
Cité 27 500
- the traffic forecasts for all RER sections were much too high

(from 30 to 100 per cent);
- there would at first sight seem to be two main reasons for

the over-estimates:

-]

first, the assumptions about urbanisation on which the fore-

casts were based subsequently had to be revised downward:

delays in the implementation of major projects (La Défense,
Marne-la-Vallée, etc.), a slowdown in overall urban develop-

ment in the Paris Region.

. secondly, fewer passengers than expected haVe switched .
The forecasting models paid too little attention
to the difficulty of access to the RER and the consequent

routes.

disincentive effect:

long descent below the ground, the

obligation to walk considerable distances in the corridors
This aspect has in fact been

of many interchange stations.
taken into account in improvements made to the model by the
RATP (Paris Public Transport Authority) whereby access to
the RER is one of the factors explicitly included, thus
providing a sounder basis for certain forecasts.

It is accordingly always necessary to .take account of the inter-

dependence between the lines in a network,

from one line to another.
on the traffic on any one line,

since traffic switches
In other words, planning cannot be based
since the traffic over the whole

network has to be taken into account, although this is really only

practicable in the case of relatively small networks and is a very

uncertain proposition where Paris is concerned.
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I.4 Paris metro lines 13 and 14

In 1976, there were several modifications to Paris metro lines
13 and 14 within a short space of time in that a junction was cre-

ated and the lines were extended northwards to St. Denis and south-

.wards to Montrouge(1).

Year
Recorded %
of Forecast :

Study i Traffic error
Junction of 1970 1975: 10 200 15 600 (rush -~ L0%
the two lines 1976 | 1977: 16 500 hour 2nd Class) + 5%
Saint-Denis 1971 1975: 3500 1979: 2000 + 75%
extension additional rush additional rush

hour passengers hour passengers
Montrouge 1972 1975: yearly 1979: 14 million| + 50%
extension traffic
21 million

The table shows that the initial forecasts fell very short as
regards the junction of the two lines, but were far too high for .the
North and South extensions. )

Further forecasts were made shbrtly before the projects were
completed and came much closer to recorded traffic.

" VWhen the reasons for the forecasts/recorded traffic discrep-
ancie& were analysed, reference was made to a number of different
factors: over-estimated population growth in the southern suburbs;
over-estimation of bus feeder services; poor analyses of route
changes (traffic sw1tch1ng from one line to another) within the
metro network.
it will be noted that the forecasts tend to become
more accurate as the date of a projectfs completion and entry into

Here, too,
service approaches.

I.5 The Paris region "carte orange"

The Paris Region "carte orange" warrants at least a brief men-
tion. Introduced only very recently, this monthly ticket gives un-
restricted access to the regionfs public transport system (though

the initial price varies according to the number of covered zones).

1) See the RATP documentation based on highly detailed surveys (log
books) of a user sample before and after the lines were extended
to the suburbs. RATP "Jonction des lignes 13 and 14 et
prolongements ... Bilan d'ensemble" -~ December 1979.
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Before the decision to introduce this ticket was made in 1975 (?),
the forecast was that there would be about 500,000 users, whereas
the number of tickets sold in fact reached 700,000 within the first
few months and rapidly passed the million mark.

.In seeking to explain such a large discrepancy between the
forecast and tickets sold, two sets of reasons must be offered:

- first, the forecasts simply tried to ascertain the minimum
number of users who.would be interested, so the model in
question adopted price advantage as the only criterion for
the user's choice between a regular ticket and "carte orange".
Grounds for this .approach were found in the negotiations with
the Ministry of Finance whose main concern was to ensure that
the Paris public transport deficit did not increase as a re-
sult of this change in the fares system. Accordingly, the V
transport system authorities tended to minimise the potential
impact of the decision;

- secondly, it was hard to predict how the public transport

" users would respond to this entirely new ticket. ‘There was
no way of using the existing situation as a guide and little
was known about the psychological factors determining‘atti—
tudes to this type of ticket. The fact that its success has
been much greater than expected has created a number of oper-
ational problems for bus services which have experienced an
unexpected increase in ridership. Taking advantage of the’
marginal benefit of their "free pass", many people now take
the bus for short distances they used to walk.

II. GENERAL, ANALYSIS OF REASONS FOR DISCREPANCIES
BETWEEN TRAFFIC FORECASTS AND RECORDED TRAFFIC

On the basis of the examples already given and earlier studies
on the utilisation of traffic forecasts, we shall now try to ascer-
tain the reasons for discrepancies between forecasts and recorded
traffic by differentiating between two types of cause: one direct
(where did the discrepancy come from?) and the other more "institu-
tional” (how was this kind of discrepancy able to arise?). First,
however, it may be useful to draw attention to a number of diffi-
culties involved in defining the concepts employed in forecasting,
which may themselves help to create such discrepancies.

II.1 Definition of homogenous traffic indicators

Traffic indicators may relate to different time periods:
annual traffic, daily traffic, peak hour traffic (which are used for
calculating an infrastructure's dimensions). They may concern
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journey or passenger counts (an important distinction when dealing
with a network which may involve interchanges: a single journey may
be counted several times if the passenger uses several lines in
making it). .

Indicators cannot be defined without specifying the method of
recording or calculation involved.

While the concept of annual traffic appears to have a clear
enough purpose, the concepts of daily and peak hour traffic are
artificial constructs (though, of course, useful).

The concept of daily traffic involves a somewhat mythical "aver-
age day" which is supposed to be a distillation of daily reality and
its diversity, since any transport opefator knows that daily traffic
is subject to variations, sometimes seasonal, sometimes according to
the day of the week, sometimes arbitrary and inexplicable. Deter-
mining the average of all these variations certainly has some signi-
ficance, but there would be no point in saying that it can lay
claim to any precision.

The same is true of the peak-hour concept which, while set more
or less arbitrarily within a specific time range - e.g. between
17.30 and 18.30 hours - nevertheless varies from one day to another
together with the volume of traffic, All this goes to show how
fragile the definition of these indicators really is. They should,
moreover, be considered in terms of probabilities which would put
them on a sounder basis.

One method of calculating these indicators(1) - where the vol-
ume of traffic is to be estimated over a given period - involves
sampling and the indicator obtained is then a range of estimated
traffic with a certain probability of error.

It should be noted that sampling’'methods are found necessary
once sight-check tickets (season tickets) aré in general use since,
on many networks, such tickets leave no indication that a user has
made a Jjourney. As this subject is not our main concern here, suffice
it to say that: :

- the concepts of average day and péak hour are not precise and
their accuracy depends on the method of calculation used,
which may vary from one network to another and from one year
to the next;

- there is some uncertainty about recorded traffic owing to
variations in this traffic over time and the inadequacy of
the recording methods; / ’

’

1) The other method consists of counting, either on a regular basis
by means of tickets (the RATP network uses magnetic tickets) or
periodic counts with the sole aim of estimating traffic. These
methods do not necessarily give the true traffic figure owing to
possible recording errors.
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- the cumulative effect of these uncertainties is a source of
imprecision in traffic estimates which may partly account for
discrepancies between forecasts and recorded traffic while
not necessarily invalidating the forecasting method.

It must in fact be recognised that the knowledge of past or
present phenomena may itself be a source of bias, and not only in
forecasts (for example, the volume of traffic on the Lyons bus
network was over-estimated for several years and the basis of the
calculation had to be changed: the error stemmed from over-optimistic
estimates of average mobility in the case of sight-check tickets).
After these cautionary remarks, we can resume the analyses of
reasons for discrepancies between forecast and "recorded" or, more
precisely, "estimated" traffic.

II.2 Analysis of direct causes of discrepancies

The above examples provide a basis for a number of conclusions
about the reasons for discrepéncies between forecast and recorded
traffic (which are almost always over-estimates). We shall examine
the direct causes first. - '

Structure of models

A technical discussion of models is beyond the scope of this
paper. The structure of models, i.e. determination of the variables
to be taken into account and the factors influencing them, is in
fact open to criticism, especially as regards the forecasts made.in
the early 1970s, but progress has since been made and will probably
continue. This is not the main problem. However, the structure of
models may be criticised for reproducing existing behavioural mecha-
nisms and not really being able to take account of breaks in the
trend of behaviour. This may explain the equality of short-term
forecasts in contrast to long-term forecasts which very often prove
to be much too high.

Models must in fact change in order to adapt both to ways in
which problems are presented and changes in life-styles and ensu~
ing patterns of behaviour. However, the basic problem would not
seem to relate to the quality of models and the people who use them,
since even good models, properly used, can produce inaccurate
forecasts.

The forecasting of parameters external to the model

Once the structure of a model is accepted (and the parameters
are adjusted to an observed situation), the forecasting process then
calls for the input of a number of external variables which are
generally estimates up to the end of the forecasting period: e.g.
growth rate of car ownership, socio-occupational categories of a
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given 'area, value placed on time, population and employment in a
given area, individual mobility, etc.

The estimates based on such parameters, which may themselves
be produced by specific models or else be fixed more or less
arbitrarily by specialists or policy-makers, are of course subject
to uncertainty and are-often the prime cause of discrepancies be-
tween forecasts and recorded traffic. Among these factors, assump-
tions about urban development are of particular importance.

Urban assumptions

Assumptions about population and employment in the areas served
by a project clearly influence traffic forecasts since any errors in
this connection are reflected directly. Urban development fore-
casting is by no means easy, especially as public transport invest-
ment projects are accompanied by large-scale town planning oper-
ations which are spread over many years and thus subject to numerous
imponderables. .

In almost all the examples given, it can be seen that unsound
urban development assumptions were the main cause of over-estimates
in the traffic forecast. Town planning projects are abandoned or do
not proceed at the expected rate (e.g. La Défense and the new towns
in the Paris region) or trends are reversed (e.g. Frankfurt).

Changes in project specifications

The transport project itself is usually modified to a greater
or: lesser extent between the planning decision on basic outline
stage, and its final implementation. Such modifications may relate
to the routing, location of stations, service frequency, quality of
interchange facilities and feeder services.

It is rare, moreover, that the target date for completion of
the project is met since in many, if not all, cases there is a lag
of some years owing to the negotiations involved in the decision-
making process and this time~lag is certainly indicative of the
difficulties and ambiguities associated with the forecasting pro-
cess itself, a point that we shall return to further on.

Changes in project specifications and the measures necessarily
entailed clearly partly explain discrepancies between forecasts and
recorded traffic in many cases. On the other hand, delays in
implementing a project tend to have thé reverse effect.

Implicit assumptions about the environmental conditions
external to the project

Traffic forecasts for a project always involve a number of
assumptions -~ seldom explicit - about the external environmenfal
conditions which are very often simply assumed to remain in a stable
state or to be implicitly favourable to the project: " accompanying
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measures to curb the increase in car traffic, public transport fares -
policy, ancillary schemes to improve the public transport image, etc.

In the case of the Frankfurt métro, for example, it was seen
that substantial investment in roads, which was not taken into'ac-
count in the forecasts, meant that metro traffic fell considerably
short of expectations.

This category of external environmental conditions should
perhaps include the influence of public transport infrastructures
on changes in the socio-occupational groups of populations living
close to stations where rising property prices tend to increase the
proportion of the more comfortably off who are more likely to own
cars and use public transport less frequently. It is too difficult,
at least as matters now stand, to incorporate this type of process
into traffic forecasts. !

IX.3 Analysis of indirect causes of discrepancies

The previous section lists a number of causes of discrepancies
between forecast and recorded traffic and identifies the variables
which may underlie such discrepancies., The fact is, however, that
this analysis certainly does not in itself suffice to explain the
discrepancies and has to be taken a step further by examining the
process of determining the assumptions on which forecasts are based.

A fundamental point which has to be stressed is that, whatever
the validity of the model itself and the competence of those who
use it, any forecasting model incorporates many assumptions about’
parameters of an uncertain character. The forecast therefore stems
from one set of plausible assumptions selected from among a number
of equally plausible sets of assumptions. What governs the choice
of these assumptions? It is not merely a matter of chance or the
intuition of the specialists constructing the model. The choice
also conforms to an institutional logic.

It should first be borne in mind that the concepts of "forecast"
and "objective" are not entirely separate but tend to overlap to
some extent. In a field such as transport, project design does not
simply follow the logic of "demand" but also depends on an overall
policy which takes account of ‘interactions between transport modes
and between the transport system and the process of urban develop-
ment, Accordingly, some parameters are just as much objectives as
forecasts, since they are the product of political will.

Such is the case, for example, for assumptions about urban
development, which are a key factor in traffic forecasts. It is
understandable that, given a wide range of ass5umptions about urban
development, the choice will fall on the one consistent with plan-
ning policy objectives, though experience shows that such objectives
are not always achieved.
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This could equally be the case with modal split parameters where
the policy is specifically to re-~establish a balance by promoting
. public transport, or with mobility norms when the aim is to improve
travel conditions for disadvantaged users (captive riders, etc.).

The most important thing to recognise, however, is that traffic
forecasts - and, more generally, all project-related studies -~ are
weapons in the hands of the institutions negotiating the project in
question(1). Traffic forecasts, directly or indirectly, serve to
justify the validity ("public utility") of a project and it is quite
normal that, given many possible sets of assumptions which on the
face of it are equally plausible, an institution defending a pro-
.Ject will choose the set most favourable to it.

" Moreover the selection of assumptions is not usually a con-
scious process. Thus, in a period of economic growth, as was the
case in 1970, there is a tendency to plan in terms of continued
growth through such parameters as urban development, incomes,
mobility, etc. The forecasts merely give expression to a general
state of mind about the development of society, which may well prove
to be mistaken in practice.

A1l that has been said in this section points to the concept
of a study that argues in favour of a project. While such an ap-
proach may seem undesirable in certain respects, it throws an in-
teresting light on possible explanations of discrepancies between
forecasts and recorded traffic.

III. CONCLUSIONS AND RECOMMENDATIONS

Three types of conclusion can be drawn from the above analyses:

~ Where models for traffic forecasting are concerned, there is
still room for improvement but, owing to the inherent un-
certainties about urban development and life-styles there
will never be any guarantee of fully reliable forecasts.

- An initial improvement in traffic forecast planning‘and
presentation would be to explore different sets of assumptions
rather than a single one. This could be done by means of
parameter sensitivity studies or by establishing different
scenarios to be considered simultaneously. It cannot be
denied that this method, useful and necessary as it may be,

1) Such is the_analysis of the study group on urban transport
economics /Groupe de Réflexion sur 1l'Economie des Transport
Urbains - (GRETU)7 cf.: "Une étude economique a montré ..." *
Editions Cujas, Collection GRAL, 1980.
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comes up against difficulties which indicate its limits: it
is not possible to vary all parameters simultaneously, as
this would lead to far too great a volume of output through
the combination of all possible variants.

However, this approach could at least gain acceéptance for the
presentation of upper and lower limits instead of the single fore-
cast figure generally found at present.

- A second improvement concerns the use made of traffic fore-
casts. It must be recognised that models cannot give fore-
casts in the nature of a scientific truth which has to be

- accepted by all, but can produce plausible forecasts on the
basis of plausible assumptions. “If this were to be under-
stood and explicitly admitted by decision-makers, it would
avoid some of the misunderstanding about the role of forecast-
ing studies, which might be more appropriately called "simula-
tion studies".
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INTRODUCTION

Freight deméhd—supply modelling is a rather new field of inte-
rest for both researchers and policy makers on different political
levels (urban, regional, national and international). In most
countries its development and application has always been behind
passenger transport modelling. Transport planners are little ac-
quainted with the fundamental characteristics of the freight trans-
port markets, as standardized approaches such as developed for pas-
senger transport, are lacking. Recently, however, there has been a
growing awareness of the importance of freight transport as part of
the national economy. 1Its essential role in the functioning of the
economy, its complete dependency on limited available liquid fuels,
its impact on the environment, its influence on infrastructure
usage, etc., are separate reasons why governments are and should be
more and more interested in freight transport and its developments.
However any transport policy design and its implementation should
be based on a thorough insight into the struétural relations within
the transport sector and between the transport sector and other
economic activities.

This growing awareness has lately initiated some freight trans-
port studies in Europe, of which the recently completed EC-freight
transport study is the most comprehensive one. Research institutes
are also experimenting with new modelling techniques to increase the
policy sensitiveness of freight models. There is also a growing
téndency to develop and use freight transport demand and supply
models for transport policy areas other than infrastructure.
Examples are the market observation system being developed by the
EC and a transport policy information system being developed by the
Dutch Ministry of Transport.

This paper will review some interesting developments in freight
transport modelling and ‘its application for transport policy pur-
poses (section A). Of the few available freight models, some recent-
ly developed and interesting ones will be evaluated and, as far as
possible, compared (section B). At the end of this paper all re-
sults are summarised in a special section.
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Section A

SOME BASIC CONCEPTS FOR FREIGHT TRANSPORT MODELLING
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1. POLICY ORIENTATION OF FREIGHT DEMAND AND SUPPLY MODELS

1.1 The policy making process

Freight demand modelling or rather demand and supply modelling
has to be reviewed according to the ways it can contribute to the
design of transport policy. Otherwise an evaluation and comparison
of results of different freight models becomes less useful.

First of all the contribution of freight transport demand and
supply analysis to the process of policy formulation should be clear.
One could say that a freight transport model forms the cornerstone
of a broader policy information system to support policymakers in
taking the right decisions. In this context a freight model con-
sists of data, transport economic variables and transport economic
(structural) relations, describing in a quantitative way the rela-
tionships between the data and the transport economic variables. The
data consists of variables or elements which can be influenced poli-
tically and variables which cannot. The former belong to the policy
instruments which can be used by policymakers to achieve certain
aims. The policy aims consist of certain transport economic vari-
ables for which values (at least in a gquantitative model) are speci-
fied a _priori. The essence of the transport policy process is to
find the best policy to achieve the aims by selecting the optimal
number of instruments (type and usage), taking into account possible
boundary conditions for the actual usage of the instruments.

Freight transport analysis (demand and supply) can contribute
to this process in various ways, its main task being the specifica-
tion of the structural relationships between the transport economic
variables and the data involved. Those rélationships specify the
ways in which the economic subjects adapt themselves to changes in
the data. This adaption process or transport behaviour is represen-
ted by the equations which together form the transport model.

However, it cannot contribute to the choice of aims and, to a
leséer degree, to the choice of instruments to be used. Those ele-
ments, although belonging to the transport policy formulation pro-
cess, are exogenous to freight transport analysis and the resulting
transport models. '

In summary the freight transport policy process consists of
three different stages:

Stage 1: defining the policy aims and the type of instruments
to be used (political-choice process)
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Stage 2: specifying the structural relationships between the
aims and the instruments (modelling process)

Stage 3: finding the optimal policy, expressed in the number
of instruments, to achieve the policy aims (policy-
evaluation process).

It is quite easy to see that a whole family of freight models
can be developed depending on the policy problems (aims and instru-
ments) involved /a model defined as a set of equations describing
the structural relationships between the endogenous (policy aims)
and the exogenous (instruments) variables/.

The degree in which freight transport models can support trans-
port policy decision-making depends on:

a) the degree to which the policy problems, expressed in aims
and instruments, can be translated_into the equations and
the variables of the models; and

b) the degree to which the structural relationships, represent-
ing the behaviour of the economic subjects, can be specified
in a reliable theoretical and statistical way.

These two élements determine the policy sensitivity of a freight
transport model.

Although different models can be formulated, depending on the
transport policy problems involved, they should be based on a common
and generally accepted transport demand and supply theory. Whereas
transport is one of the economic sectors, it is quite logical to
apply existing economic theories (micro and macro) to this sector,
taking into account its special characteristics of which the spatial
element is the most complicated one. -

1.2 Policymakers: their aims and instruments

Policymakers do need information to define their objectives, to
select the most efficient instruments and to evaluate the consequen-
ces of different courses of action, before they can decide on the
most optimal and desirable policy. The type of information needed
depends of course on the category of policymakers involved in the
transport process. Three broad categories of actors can be distin-
guished, that is the shippers, the transpoft firms and the government
bodies. The demand-supply equilibrium of freight markets is influen-
ced by decisions taken by all three categories.

The demand for transport, its size and structure, is highly
influenced by a large number of decisions taken by the shipping indus-
try, like production decisions (levels and production techniques),
plant location decisions, physical distribution decisions, mode of
transport decisions, etc. Many of them are directly or indirectly
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influenced by the level of service of the transport services offered
by the transport industry. The type and quality of the transport
services offered on the transport markets are directly influenced by
a number of individual decisions taken by the transport industry,
such as decisions on equipment, scheduling, tariffs, etc. 1In the
market equilibrium process the volume of shipments for the different
modes of transport is determined on the various transport markets,
together with the equilibrium values of the level of service
variables.

This demand-supply equilibrium process is influenced by govern-
ments in different ways. First of all, the government acts as a
supplier of transport services (or part of it) by offering the main
part of the physical transport infrastructure. By doing this it
influences to a great extent the type, the quality and the costs of
the transport services offered by the private transport industry.

So infrastructure policy is one of the main areas of concern to the
various government institutions (local, national and international).

It is generally accepted that governments should have a certain
regulatory role in the freight transport markets, given the specific
characteristics of those markets and the complementary role of the
transport sector to the rest of the economy. 1In other words, the
expected outcome of the equilibrium process on the freight transport
market without government intervention, will diverge from what is
seen as the most desirable outcome. This divergence between the
"actual" situation and the ™65t desirable" situation forms the cri-
terion for a transport policy and leads to the formulation of govern-
ment goals and government actions.

Because the demand for freight transport is highly determined
by factors which cannot directly be influenced by the transport
industry or by a government's transport policy, transport policy is
almost always aimed at influencing the supply side of the transport
markets, leaving the transport firms and the government institutions
as the main direct policymakers for this sector. As both groups of
policymakers have the possibility to influence the supply of trans-
port services each in their own way, they often need the samevkind
of information for their policy-making, but in different degrees of
detail.

Although it is not the purpose of this paper to deal in depth
with the various policy objectives and the available bolicy means,
it is important to understand the relationship between this part of
the freight transport policy process and the second part, the trans-
port modelling phase. The second part can:only be'carriéd out in
an efficient and useful way if aims and instruments are formulated
in advance..
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Government institutions

In general the most global and therefore abstract aim of a
regional, national or international transport policy is formulated
as the maximum contribution to income and welfare, taking into ac-
count other areas of policy interest (traffic safety, environment,
land-use, pollution, energy, economic growth, etc.). In economic
terms it implies the most efficient use of production factors allo-
cated to this sector. Because it is a very global policy objective,
it should be translated by what is known as a number of operational
objectives by a procedure of iterative steps. At every step the
objectives have to be further dissected into more operational objec-
. tives. At the end the derived operational objectives should be form-
ulated in such a way that:

a) direct relationships can be established between the object-
ives and the available instruments; and ‘

B) the objectives can be quantified in such a way that they can
be compared with the output of the instruments (the output
is defined as the effect an instrument has on a certain
objective). ’

This type ofnpolicy objective analysis is already used in some
countries for different policy areas and an example is given in
Figure 1. The prime objective is dissected into the ultimate
operational-level objectives, which are directly related to the
available government instruments and activities.

Using the policy objective analysis, the above mentioned global
policy objective can be translated into more concrete objectives,

such as:

- the maintenance of balanced demand and supply relations or
conditions on the various transport markets (rail, road, in-
land waterways); ‘

- the promotion of a transport system of a high technological
and commercial standard;

- the attainment of equal competitive conditions for the diffe-
rent modes of transport; ’ ’

- the attainment of cost-based tariffs for the different modes
of transport;

- the attainment of desirable income and labour conditions in

the transpo;t sector, etc.

This process should continue until the aims are attained and
measures can be found to quantify them. As aims are by definition
transport-economic variables a priori quantified, these aims can
easily be accepted by the freight transport modelling process.

Defining the policy objectives in an operational way is only
half of the work to be done. The second part concerns the available
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Figure 1

THE STRUCTURE OF A POLICY -OBJECTIVE PROGRAMME
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instruments. Two types of policy means can be distinguished, that
is quantitative and qualitative means. Qualitative means are used
to change the structure, while quantitative means are used to adapt
the transport sector to small and frequent changes in some of the
data. An example of a qualitative means is the improvement of the
labour conditions for the inland waterway sector; an example of a
quantitative means or instrument is a temporary tonnage stop in the
same sector. Or in terms of the fréight transport models qualita-
tive policies are aimed to change the structural relations between
the transport-economic variables and the data, while guantitative
policies, leaving the structural relations unaltered, only influence
some of the data in the structural relations. The quantitative and
qualitative instruments can be grouped into five broader categories
of policy areas, as follows:

a) infrastructure policy;
b) capacity policy;
* ¢) pricing policy;
d) competition policy;
_e) other policies of various kinds, mostly derived from other
government objectives (energy, environment, safety, social,
etc.).

Without going into further detail, it is understandable that a
lot of instruments, if used, do influence more than one policy aim.
To evaluate instrument effectiveness, it is necessary to determine
the quantitative relationships between the instruments and the policy
aims, which can be achieved by the explicit definition and empirical
development of a freight transport model.

Transport industry

While the governments by their actions influence the equili-
brium on the freight transport markets mostly in an indirect way,
the transport industry is one of the main direct actors. It is un-
derstandable that their policy objectives are more direct and less
abstract than the government objectives. Given the demand for trans-
port, the individual transport firms, through their instrument poli-
cy, equipment usage policy, pricing policy, etc. determine to a
large extent the actual developments in the freight transport mar-
kets. To develop their strategies they need detailed information on
a micro-business level (costs, prices, profitability of individual
contracts, marketing, budgeting, rentability, etc.). Besides that
there is a need for general information about future economic and tech-
nological developments to develop medium-term strategies for their
own firms. Here the transport industry organisations can play an
important role by supplying information about those developmeﬁts to
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the individual firms, who can use them in setting their own goéis
and developing their own market strategies to achieve these goals.
This type of more general information has the same degree of detail
as the information needed by governments to design their transport
policy. It concerns, for example, information on such topics as
future demand developments, government policy and the way it is sup-
posed to influence the demand-supply equilibrium process on the va-
rious transport markets, technological changes on both sides of the
markets, infrastructure developments, etc.

Thus the conclusion is that governments and transport industry
to a large extent need the same kind of information to design their
policies. Governments use this information to define their object-
ives and to evaluate different policies to achieve those objectives.
Once the objectives are defined and the policy strategies chosen,
the expected effects on the equilibria "in the freight transport mar-
kets are of great importance for the policy strategies of the indi-
vidual firms. It is hardly necessary to say that the same freight
transport modelé have to be used to supply both actors with consis-
tent information about their present and future policy strategies.

2. FREIGHT-DEMAND SUPPLY THEORY

2.1 The demand-supply equilibrium

The purpose of this part is to develop some basic theoretical
concepts for the development of freight transport models. These
basic concepts are independent of the size or type of geographical
area to be studied such as urban areas, regions, countries or groups
of countries. The main hypotheses about transport can be highlighted
in a very simple demand-supply equilibrium model:

F(A,L)

G(T,L) L
Equilibrium: V=38
L

Demand function: \

Supply function: S

S_ = H(A,T)

Reduced functiens: 'V o’ So

o)

V : volume of transport flows

S : supply of transport services

A : activity pattern

L : level of services expressed in a generalised way (genera-
lised cost or time)

T : the available transportation system.

In this simple demand-supply model two groups of variables are
exogenous to the equilibrium process, that is the activity pattern
and the available transport system. The activity pattern is the
pattern of production and consumption activities, that is to say its

76



level, its composition and its geographical distribution. The trans-
por@ system consists of all transport options open to the shipper
(all transport modes, all facilities, etc.). ’

Because both exogenous variables A and T can only be defined
in a spatial way, the endogenous variables V, S and L are spatially
determined too. Spatially determined in a practical way means on a
region-to-region or a zone-to-zone basis. It implies, too, that all
variables can be seen as matrices, the individual elements measured
on a region-to-region basis, i.e. the variable VO is the equilibrium
freight flow pattern of a certain area.

As the variables A and T can only be specified usefully within
a spatial context, every policy-oriented freight transport analysis
should take the freight flow as its research object. The core of
any freight transport analysis is the determination of or the pre-
diction of changes in the freight flows. More precisely, the freight
flows between region A and region B can be seen as a distinct trans-
port market with its own demand and supply conditions. All indivi-
dual freight transport markets are highly interrelated by the mecha-
nism of substitution factors working on both the demand and the
supply sides: industries can change the destinations of their pro-
duced commodities, carriers can change their transport equipment
from one market to another. . .

From this simple presentation of the demand-supply equilibrium
process, more detailed modelling concepts can be derived - concepts
which are aimed to specify the spatial demand and supply functions
in a more detailed and operational way.

2.2 The freight transport demand factors

‘As already stated, the demand for freight transport is directly
influenced by the level, composition or structure and the geographi-
cal distribution of production and consumption activities, (1) as can
easily be seen at the level of the individual production firm. The
individual shipper takes a lot of decisions which influence the ac-
tual demand for transport in a direct or indirect way. His long-
term strategic decisions concern the commodities to be produced, the
production techniques to be used and the location of the plant(s).
The first two decisions directly influence the composition of the in-
coming and outgoing freight flows of the firm, while the third de-
cision already predetermines to a large extent the geographical dis-
tribution of those flows. His location decisions will be influenced
especially by the present (or future) transportation system. His
medium-term decisions concern production levels, geographical mar-
kets (sales and supplies), and his own transport facilities. All
these medium-term decisions will be influenced by the available

1) Refs. 13), 14).
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physical transport systems and the level of services offered by the
transport industry.

His short-term decisions concern consignment weights, traﬁsport
units, transport modes, distribution frequency, etc. Here the type
and quality of the transport services offered to him will shape the
ultimate actual demand for freight transport.(1) Because of the
often limited impact transport supply factors have on the afore-
mentioned long- and medium-term decisions of the individual firms,
the development of transport demand is to a large extent exogenous
to the transport sector. This is of course particularly the case
within the Western developed economies, which already have a high-
quality transport system available. . .

How does all this affect the freight transport modelling pro-
cess? First of all, freight demand modelling and. forecasting cannot
take place without a detailed picture of the present and future ac-
tivity patterns. Details are necessary for the production and con-
sumption structure (level, composition, geographical distribution).
The production and consumption activities are very diversified in our
developed economies due to Phe high degree of specialisation. Every
activity has its own very specific transport requirements. Conse-
quently the incoming and outgoing flows vary a great deal from one
activity to another, as regards:

- transport volume per time period;

- commodity categories;

- type of load;

- consignment size;

- geographical distribution of the flows;

- physical distribution systems;

- seasonal and conjunctural dependencies; .
- quality of service expected, etc.

Normally this problem of diversification can be solved by dif-
ferentiating the total volume of transport between commodity classes.
For every commodity class a -separate demand function or model can be
developed. This is, however, only allowed if the volumes of freight
transport by commodity class are modelled in an interrelated way.
This can clearly be seen by taking a simple. example: if, for exam-
ple, the steel industry increases its output of steel products, the
volume of various other commodities will also increase in relation
to the output increase of steel products, such as volumes of iron
ore, coal, energy, etc. The interrelationships between the volumes
of the different commodity groups can be taken into account by using
an economic production-structure model, e.g. an input-output model
on a national, regional or interregional scale. In fact the pro-
duction levels of the different production sectors are determined by

1) Ref. 8).
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the final demand components, and the resulting transactions between
the sectors on an interregional basis, form the real base for the
derivation of interregional freight flows.

In other words, the structural and spatial relations between
the production and consumption activities are the necessary input
to intgrregional freight demand modelling. If in practice, due to
a lack of data, second-best approaches have to be followed, those
relationships should as much as possible be preserved in a more in-
direct mannei, because the above-mentioned demand factors are the
main determinants of the observable freight flow patterns. Fluc-
tuations and structural changes in the activity pattern have immedi-
ate strong impacts on the resulting freight flow pattern. (1)

The second group of demand factors form the level of service
variables derived from the supply functions of the various transport
services. Shippers will respond to changes in these variables in
different ways depending on the type of decision to be taken. Such
changes will have a much more direct impact on modal choice deci-
sions than on plant location decisions, as the adaption costs. invol-
ved in the latter group of decisions are much higher than in the
former. The main level of service variables to be taken into account

are:

- transport costs (door-to-door);

- transport times (door-to-door);

- loss and damage;

- reliability;

- minimum shipment size.

The way those variables will be derived from the supply models
will be discussed in the next section.

2.3 The freight transport supply factors

The supply models are of equal importance to the demand-supply
modeiling process and the policy-making process. They not only pro-
vide the possibility to specify in detail the level of service vari-
ables necessary for the development of the freight transport models,
but they also offer the possibility to translate the transport poli-
cy options into this group of demand related variables. As we have
already seen, the main policy actors in the policy-making process
are the government institutions and the transport industry. Their
policies are aimed to alter the supply conditions in order to in-
fluence the outcome of the demand-supply equilibrium process on the
freight transport markets. 1In other words their control lies on the
supply side. Supply models must explicitly incorporate, directly or
indirectly, all elements which can be influenced by the policymakers.

1) Ref. 20).
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Each of their options must be translated via the supply models in
the resulting level of service variables mentioned in section 2.2.

The vector of level of service variables, too, should be deter-
mined in a spatial way, that is to say for every type of transport
service on every geographically determined transport market. The
number of vectors depends on the number of commodity groups and
regions taken into account. '

The level of service elements are in principle determined by
“two main categories of exogenous variables: the available transport
infrastructure and the production functions used by ‘the transport
firms, primarily because government institutions often have a great
influence on the actual value of the individual elements.

The available transport infrastructure, its size, type and
quality directly influences the type of transport services offered
on the various transport markets and, to a large extent, the corres-
ponding transport times, too. Via the derived transport times, trans-
port costs are influenced in an indirect way, as transport times form
a basic input to the cost functions. Both supply elements, costs
and ‘time, should be based on a door-to-door basis, taking access and
egress, handling costs and time into account, because individual
shippers will base their decisions on the door-to-door values.

The'operating costs and times of the transport industry depend
on the production techniques selected: from the supply models de-
rived, transport costs and time models offer the possibility of ana-
lysing the consequences of altered supply conditions caused by va-
rious policy options. If. the transport tariffs are cost-based,
which is often the case for the medium~ and long-term, the effects
of altered supply conditions on the demand-supply equilibrium can
also be analysed in detail.

The supply models and the derived transport costs and time
models should be rather detailed, if they are to express.the conse-
quences of all kind of changes in the supply conditions, such as:

- general prices (labour, capital, energy);
- quality of infrastructure;'

- technology;

- productivity;

- social conditions;

- government regulations, etc.

The more detailed they are, the deeper can be the evaluation of
these policy actions and their consequences for the achievement of
the objectives.
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3. BASIC FREIGHT TRANSPORT MODEL STRUCTURES

In line with the basic freight transport modelling concepts
mentioned in section 2, 6nly spatially determined model structures
will be reviewed. In principle two main interregional {or inter-
zonal) modelling approaches are used to build interregional freight
transport models. The first one, the classic and probably more ac-
cepted one, is an approach which takes a certain freight flow be-
tween two regions as the unit of observation. Although such a
freight flow can be very specific, such as the flow of a certain com-
modity group for a certain mode of transport over a certain period
of time, all these individual flows consist of an aggregation of a
-number of individual consignments sent by a group of firms in re-
gion A to a group of firms in region B, hence a large number of
demand and supply factors have to be used as averages. This is the
main reason for typifying such approaches as aggregated modelling
exercises.

This expression however is misleading, because interregional
freight flow models can be very disaggregated in their flows, al-
though they will never reach the point of individual consignments.
The second type of main approach is called disaggregate because it
is based on the analysis of individual consignments. Models of this
type are called disaggregate models. The development of this ap-
proach started about ten years ago in the passenger transport sec-
tor caused by mixed feelings about the performance of aggregate pas-
senger transport models in the transport policy field. Recently
some disaggregated freight (sub) models were developed and it ap-
pears that in the near future this approach will be more fully
explored.

Although in principle both methods are based on freight model-
ling concepts, they differ in the way the technical and structural
relations are derived from observed transport data. This is partly
caused by the differences between the type of data used and partly
by some differences in the applied general demand theory. 1In the
next part of this section these model approaches will be briefly

examined.

3.1 The disaggregated modelling approach

The disaggregated demand-supply approach is based on the choice-
behaviour of the individual production firm (industry, 'staples,
etc.). The demand for transport consists of a number of individual
" consignments, each with its own characteristics, for which the. indi-
vidual shipper has to take a number of transport-related decisions.
Every decision'is seen as a choice made from‘a set of alternatives.
"There are a number of interrelated choices to be made for every
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individual consignment, e.g. a transport of X tonne at a time t of
commodity k with transport mode m from origin i to destination j
implies already six identifiable choice situations:

- the choice of commodity k

- the choice of origin i

- the choice of destination J
- the choice of amount x

- the choice of time t

- the choice of mode m

It is not very difficult to dissect the transport of an indivi-
dual consignment into an even larger number of interrelated choice
situations. As seen from the following sequence of choices, some
kind of hierarchy in -the decision-making process is already intro-
duced, in accordance with the already mentioned distinction between
long-, medium- and short-term decisions (see section 2.2).

To model the different choice processes in a sequential or
simultaneous way, a choice-based demand theory is developed. The
following equations illustrate the demand theory. (1)

1) Upe > Uges 1,36 Ay

2) Uiy = Uy + e3¢
3) P(i : At) = Prob [Uit > th] i 1,3 €Ay
4) P(i At) = Prob [Ejt - 65 Uy - ujt] 3 1.3 € Ay

Jit
5) P(1 : At) =

U,
- e It

Je At
Uit’ th : the utility of alternative i or j for shipper t.
At :+ the set of alternatives, shipper t can choose from
U4 : the common (for all shippers of type t) statistical

definable part of the total utility of alternative i
an by shipper t additional and subjective attached
-amount of utility to alternative i, seen as the

. random part of the total utility of alternative i
P(1 At) : the probability that shipper t chooses alternative i

.

€it

out of the set of alternatives At‘

‘Equations 1 to 4 explain the choice behaviour process of ship¥
per t facing a set of alternatives, which is seen as a utility maxi-
mising process.(2)

1) Refs. 1), 2), 5), 9).

2) Note that the use of utility theory here differs from the utility
- theory used in micro-economic theory to derive demand functions.
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Equation 5 is the demand function which is formalised by an
assumption about the distribution of the random variables &+ By
assuming a log normal distribution, equation 5 is the expression of
the well-known multinominal logit model.

The structure of the demand models, which implies the interrela-
tions between the probabilities of the different choice situations
depends on the assumptions made about the dependency and simulta-
neousness of the choice decisions to be taken, which lead to three
basic.structures. . - .

Take as an example the determination of the probability of (f)
shipments by period (week, month, year), for commodity k with mode
(m) in consignment size (q) to destination (d) from a given origin i.
This leads to:

6) Pk(f,q,d,m)t; fqdm e(FQDM)t

where:

(FQDM)t : the set of alternatives open to shipper t for fre-
quency f: (F), consignment size q: (Q), destination
d: (D) and mode m: " (M).

From 6) the following structures can be derived.

7) independency:

p (frq,d’m)t = P(f)t . P(Q)t . P(d)t . P(m)t

8) dependency and sequential, e.g.

9) - dependency and simultaneous
K k
p (fyq:d9m)t =P (fqdm)t

where:
Pk(f)t : the probability of shipper t choosing f con-
signments per period
Pk(q)t, Pk(d)t, : the probabilities of shipper t choosing res-
Pk(m)t pectively consignment size g, destination d
and mode m
Pk(d/f)t : the probability of shipper.t choosing desti-
nation d, if he chooses frequency f (this is
a conditional probability) .
Pk(q/f,d)t : the probability of shipper t choosing con-
signment size q, if he chooses f and d ]
Pk(m/f,d,q)t : the probability of shipper t choosing mode m,
if he chooses f,d and q .
Pk(f,q,d,m) : the total probability of shipper t choosing
‘the combination fgdm out of the set alter-
natives (FQDM).
The independency -alternative will not exist because of the in-
fluence of the level of service variables on the different structu-

ral probabilities.
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The choice between a sequential or simultaneous structure will
depend on an analysis of the actual choice behaviour. The sequen-—
tial structure, which is the easiest to model, is often found in
aggregate transport demand models for both passenger and freight
transport (generation, distribution, modal split).

The specification of the various probability functions is the
next step in arriving at a freight demand-supply model, that is to
say, the determination of all variables which influence the outcome
of the choice process in every choice situation. However the choice-
based demand theory does not give indications of the variables to be
used, which implies that the model specification has to follow a
trial and error procedure.

If we restrict ourselves again to the specification of the
Pk(f,q,d,m)t freight demand model, the following categories of choice
variables can be assumed to have influence on freight demand: (1)

a) the characteristics of the variqus transport services such
as (V) ’
- transport tariffs or costs;
- transport times;
- reliability;
- damage and loss;
- minimum consignment size, etc.
b) the characteristics of the commodities to be transported
such as (G)
- type of product;
- volume/weight ratio;
- value/weight ratio;
- perishability;
- inventory system;
- ownership, etc. i
¢) the characteristics of the markets (sale and supply) such
as (M) '
- relative prices;
- firm size; )
available loading and unloading facilities for customers;

- infrastructure facilities (connection with), etc.
d) the characteristics of the shipping firm such as (B)

-~ production level;

- sales prices;

.- plant location;

- available infrastructure facilities;

- storage policy and cbsts, etc.

Substituted in the general demand model (6) the following
specification can be derived:

1) Ref. 10).
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. k
10) P (f,q,d,m)t = F(V
where:

B fqdm ¢ FQDM

fqdm’ qudm’ qudm’ fqdm)
V : the vecfor of level of service variables for all combina-
tions fqdm
: the vector of attributes of commodity k

: the vector of attributes of firm t at location i

G

M : the vector of attributes of the commodity markets
B

F the demand function (simultaneous or sequential)

This demand model estimates the probability that shipper t
chooses alternative fqdm out of the set of alternatives FQDM. By
multiplying these probabilities with the frequency values, a volume
model can be derived (measured in consignments), that is

k k
11) V3 = 3 P*(f,q,d,m), . f
idgm(t) ‘£ % F ! t
The transformation in tonnage can be accomplished by multiply-
; k . R .
ing vidqm with the average consignment size.
3~ mK _.yK =k
12) Tidqm(t) - vidqm(t) : qu
or
. k k =k
13) T, = X Vv . Q
idm(t) 9% Q idgm qm
where:
égm' : the average consignment size of class q for mode m
ngqm(t) + transport volume in tonnage from region i {origin)
‘ to region d {destination) for consignment class q
by mode m for shipper t
T?dm(t) : idem for all consignment classes q together, being

the total volume of transport for commodity k by
mode m from origin i to destination d for shipper t

In other words
-k

14 A = 2z z . P d,m . f.Q
) ldm(t) e Q fe F . ( 144, )'t am

Ve i
idgm(t) TEP- “idqm(t)
(consignments resp. tonnage) expressed demand model

P*(£,q,d,m),.

Equation 10 the demand model is very complex due to the large
number of alternatives in the choice set FQDM and the large number
of variables to be specified per alternative fqdm (the vectors
v,G,M,B).

This model can be simplified by using a sequential demand

can be seen as the transport volume

structure (see e.g. eguation 8).

At the present time the development of complete disaggregated
demand models is restricted for many reasons. First of all, the
underlying demand theory is not explored in enough detail to develop
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a complete freight demand-supply equilibrium model according to the
basic concepts (see section 2). Secondly, the properties of the
choice-based demand theory are questionable in part, e.g. the pro-.
perty of equal cross-elasticities for all alternatives (e.g. modes
of transport).(1) Thirdly, it is doubtful if a complete disaggrega-
ted freight demand-supply model system according to the above-
mentioned concepts can be developed. This is especially true where
the integration between the economic activity models and the derived
freight demand functions is concerned. Fourthly, the specification
of the freight demand models (choice variables and sets of alterna-
tives) still cannot be solved by the choice-based demand theory it-
self. Finally, the data on individual consignments are not collected
by the statistical offices, which implies collection by special sur-
veys, which is a costly affair.

On the other hand, disaggregated demand analysis - even applied
on a small scale - offers distinct possibilities for policy sensi-
tive research. Because of its high degree of detail and its use of
non-averaged demand factors in the demand equations, it offers grea-
ter possibilities to describe the transport behaviour of the econo-
mic subjects in a satisfactory way.

3.2 The aggregated modelling approach

In contrast with the development of disaggregated model approa-
ches, which up to now has taken place only in a rudimentary way,
mainly due to a lack of data, aggregated approaches are much more
developed and have already been applied on a number of occasions.

To avoid misunderstanding it should be repeated that the term aggre-
gated only refers to the type of statistical observations used for
the model development, that is freight flows instead of individual
consignments.

Although not essential for the approach as such, most spatial
models have a sequential structure, explaining and predicting the
volume of the specific freight flows in a step-by-step process.
Special procedures take care of the internal consistency of the
various submodels. According to the line of thinking developed in
section 2 a freight demand-supply model normally can be subdivided
into the following main submodels:

i) a multi-sectoral economic model

ii) a spatial economic model )
iii) a freight production and attraction model
iv) a freight distribution model

v) a freight modal split model
vi) a freight traffic production model

1) Refs. 3), &4), 7).
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vii) a set of freight supply related models
- transport time models
- transport tariff models
- transport costs models

viii) an equilibrium model
- transport infrastructure (assignment)
- transport industry

The interrelationships between the various submodels are shown
in Figure 2.

The models i) and ii) are economic models, which of course can
also be combined into one spatial, multi-sectoral economic model.
The output of the economic models forms the main input to the freight
demand models iii) to v). The freight demand models determine the
freight flows by commodity group and by mode of transport for each
pair of origin and destination, measured in tonnage. Model vi), the
traffic production model, transforms the freight flows (in tonnage)
into traffic flows measured in all types o1 vehicle movement (trﬁck,

ship and wagon movements). .
The group of submodels vii) are the level of service models

derived from the supply models, followed by the last submodel, the
equilibrium model.

The whole model system can be defined in a general way by the
following set of equations:

i) the multi-sectoral economic model

15) P& = 3PP 4 FcB 4+ BIB 4+ EB gh=1,..., G
h

‘16) p8h _ ggh  ph

17) P = B].(EC+'1§I+E)

o e[

ol

pé : total supply of sector g (gross output of commo-
B dity g) .

Pgh : delivery of sector g to sector h

Fcé : finral demand of sector g, excluding investment and
export '

BI1E : brute investments originating in sector. g

ES : export of sector g

pen . : technical coefficient describing Pgh as a fixed

" proportion of Ph
: vector of the supply levels for G sectors

P
[I - A] =1, the leontief-inverse matrix
g

,h : number of sectors c.q. commodity groups
(gvh=1,---! G) :
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Figure 2

THE INTERNAL STRUCTURE OF THE DEMAND-SUPPLY MODEL
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The multi-sectoral economic model is based on the so-called
transaction table described in equation 15. There is one equation
for every sector or commodity.

Finally the gross output of all sectors is related to the
final demand components for each industry (equation 17). The
B-matrix may be multiplied by any level and composition of final
demand in order to derive the levels of gross output for each indus-
try. Besides the gross output levels, the levels of a number of
other macro-economic variables can be derived, such as employment,
value added and import per sector. In most countries transaction
tables have been constructed for recent years, so that the practical
apﬁlication of such models is quite feasible. Although other sec-
tor growth models exist, the input-output model is the most robust.

ii) a spatial economic model

19) P%o =0§ . pé - g=1,..., G
20) 3 6%0 =1 ' i=1,...,
1
g
g _ LS
21) 6§ = i
> 18
i 1

P%b : Gross Domestic Product of sector g in region i

d%o : regional supply coefficient

L%. : the employment of sector g in region i (e.g. maqbears)

i : number of regions i,g=1,..., I)

This is of course a very simple regional supply model, which
does not take the interregional interdependencies into account. The
factor L can be substituted by other factors or weighted combinations
of it. However it does not solve the problem of interregional

interactions. .

i and ii) a spatial multi-sectoral economic model

To overcome the weakness of the multi-sector economic model as
a tool for spatial analysis and prediction, it should be transformed
explicitly into a spatial model.

22) P§, = Z s§. . pé gh =1,..., G

- j oJ
3 71 3
g .
23) s§, = Fij 3= 1, I
Pé..
03
g . gh 8
24) P&y =3 PED + PO
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g8 . g gh g
25) P2, = .zsij(thoj + FDoj)
J
S%j : trade coefficient for commodity g between region i and j
Fng : total final demand of sector g in region J

By solving this system of equations in the same way as indica-
ted under i) the regional gross output per sector will be determined
by the final demand components of all sectors in all regions. Be-
cause of the lack of data few models have been used for estimating
the regional production levels. Besides which, the trade coeffi-
cients S?., which are fixed values, are not very stable over time.
They will be influenced by the level of service of the available
transport system, for example.

Because of this, one often has to use a two-step regional fore-
cast procedure as described under i) and ii).

Before presenting the actual freight demand models one could
ask why these economic models are so important for freight demand-
supply predictions.

Why not use a more simple procedure, e.g. start with an a priori
defined growth rate for-Gress Domestic Product (GDP), and dissect it
into sectorial growth figures using a stepwise procedure? There are
two important reasons for not using such simple prediction methods.

First of all, the same expected increase in Gross Domestic
Product can be caused by various combinations of growth rates of the
individual sectors. The actual combination depends on the interrela-
tions between the sectors expressed in the production structure of
an econoﬁy. The composition of the gross output levels are of spe-
cial importance for the derivation of the demand for freight trans-
port. Any change in final demand, e.g. export, implies production
increases in almost all sectors of the economy.

Secondly,” satisfying the above-mentioned internal consistency
criterion is conditional to a freight demand-supply model, where a
market segmentation procedure is implied, that is to say total
freight demand is segmeﬁted into freight demand volumes by commodity
group, and independent prediction procedures are used for every com-
modity group. This is only allowed if the input into these models
(sectoral production levels) is internally consistent, which can
only be achieved by using a multi-sectoral economic model. As we
will see later, existing freight models do not take this consistency
condition sufficiently into account, which can have serious draw-
backs for the calculated prediction figures and the usage which can
be made of these models. The same kind of~remark can be made con-
cerning the internal regional consistency of production levels. How-
ever drawbacks there are much less pronounced than in the first case.
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iii) the freight transport production and attraction model

26) V8 = fg1 (P€.) g=1,..., G
27) V8, - fg2 (%) i, =1,..., 1
28) f V?o = V%o

29) vgj = fg3 (ng)

30) PE = E b8h ng

g _ y8
31) ? voj - voo

Vgo : total transport volume of commodity g

V?o . : generated transport volume of commodity g by
region i

ng‘ : attracted transport volume of commodity g by
region j

P%o : total production of sector g

P%o : production of sector g in region i

ng : composite demand factor for commodity g

bgh : cumulated production coefficient for sector g

g=1,..., G : number of sectors resp. commodity groups

i,j=1,..., I : number of region

Equation 27 is the regional freight transport production func-
tion which relates the total transport volume of‘commodity g origi-
nating in region i directly to the gross-output level of sector g in
region i, determined by the economic models i) and ii) (the number
of sectors equal the number of commodity groups, while the classifi-
cation of the sectors is commodity based).

The attracted transport volume of region j can only be explained
by using a composite demand factor based on the cumulated production
coefficients from the economic models.

iv) the freight transport distribution model

32) V?j = fgh (v§, ng' R%j)

33) Rfj = fg5 (TKfj, TTﬁj, Tzﬁj)

34) Tﬁfj = fg6 (TK§j1, e Txfjk)

35) TT%; = fg7 (11§ 51, «o. TTE40) .
36) TZ8 = fgs (128 54, ... T2§5))
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. v8 _ B
37) g Vi = Vi,
8 v8, = v&.
38) E ij 0J
V%j : transport volume of commodity g between
the regions i and jJ
R%j : transport resistance for commodity g be-
tween the regions i and J
Tﬁ?j, TT%&, T7§j : respectively the average transport costs,
transport time and average other level of
service factors for commodity g between
the regions i and j (weighted by the _
shares of the various modes of transport
on the i,j relation)
TK%jk, TT%jk’ TZ%jk : respectively the transport costs, trans-
. port time and other level of service fac-
tors for commodity g and transport mode k
between the regions i and J
g="Ty.0.,4 G : number of commpdity groups
i,j=1,..., I : number of regions
k=1,..., K : number of transport modesr
The freight transport volume between region i and region jJ,

acbording to equation 32, is determined by the total supply and
demand of commodity g in, respectively, the region of origin and the

region of destination and some transport resistance value.

port resistance

The trans-
depends on the different level of service variables

of the available modes of transport, such as costs, time, etc., used
as weighted averages.
v) the freight transport-modal split model
g _ g g . o8 g8 . 778
39) Vijk = (TKij1’ . TKijk'.rTij1’ .o TTijk’ Tzijj’
g
Tzijk)
- v8
40) i Visk = V53
V?jk : transport volume of commodity g by transport
mode k between region i and j
g=1..., G : number of commodity groups
i,j =1,..., I : number of regions
k=1,..., K : number of transport modes

Equation 39 described a set of modal split functions for g
commodity groups and k modes The main modal split

factors are transport cost and transport time, both measured on a

of transport.
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door-to-door basis.
to 1.

tonnages are transformed into vehicle movements.

vi) the freight traffic production-bdels

Equation 40 restricts the shares of the modes

In the next submodel, the freight tfaffic production model,

h1)_VPB§jk = V§3k</aﬁingk

42) chgjk = fg1o (ngk’ D, sx» Ck)

43) VPB%jkl =‘1§jk1 . VPB%jk

4l) { @51 = 1

45) VPB; 5q = é VPBY 11

46) VPL; jy1 = Tiq (VPB gpqs »-- VPBr k13- TKy1k1s - TKjIkl)

47) VPB, oy = ? VBB, jk1

48) VP; 5 = VPB + VPL,

ijkl ijkl

VPB%jk : number of loaded traffic movements for commodi-

¢ ty g8 by mode k between the regions i 'and j

KCW§jk : average consignment weight for commodity g by
mode k between the regions i and j

VpB%jkl : number of loaded traffic movements for commodi-
ty g by mode k in loading capacity class 1 be-

. tween the regions i and j

VpBijkl : total number of loaded ‘traffic movements by
mode K in loading capacity class 1 between the
regions i and j

VPLijkl : number of empty traffic movements by Wode k in
loading capacity class 1 between the regions i
and J

VBPiokl : supply of consignments in region i for mode k
in loading capacity class 1

VPijkl : total traffic movements by mode k in loading
capacity class 1 between the regions i and jJ

Dijk : transport distance by mode k between the regions
i and J

Ck : technical constraint on loading capacity size

a%jkl loading capacity class coefficients

g=1,... G : number of commodity groups

i,j=1,...

number of regions

93



k=1,... K : number of transport modes
l1=1,... L : number of loading capacity classes

The number of loaded traffic movements by capacity class is
described by the equations 41 to 45, with the average consignment
weight as the main variable.

Equation 46 describes the number of empty. movements for the
different modes of transport, while equation 48 is the description
of the total traffic movements by mode of transport and loading ca-
pacity class.

vii) the supply-related models

Input to the above-mentioned model equations are the level of
service variables derived from the supply models of the various

modes.
g oWe g o8 g g g
49) TKT g = T (ACWT 00 Digwer TTEgk0 & Dok ¥ 1ikr KT gx)
g - W 124 g g g
50) TTT4y = g (ACWI4ir Digio & Tiur ¥ 15k HTT g0 195 5)
g = ATHE g
51) TZ3jy = dgx (ATWS s DY g0 1Qy 5,)
TK%jk : transport cost for commodity g by transport mode k be-
tween regions i and J
TT%jk : transport time for commodity g by transport mode k be-
tween regions i and j
TZ%jk : other level of service variables for commodity g by
transport mode k between region i and j
‘%jk average utilisation degree of transport equipment
y%jk : ratio of loaded and empty kilometres
IQijk : quality of physical infrastructure and transport ser-
- vices offered ‘
HK%jk : handling cost for commodity g and mode k
HT%jk : handling time for commodity g and mode k

The equations 49 to 51 are reduced form equations derived from
the different supply models for the various modes of transport.
Changes in the supply conditions will be expressed in the reduced
form equations via these supply models.

viii) an equilibrium model

The general equations mentioned in this section thus far to-
gether form a complete spatial freight demand model, which can be
sbecified in a more detailed way depending on the policy problems
involved and the degree of detail of the available data. The out-
puts of the various submodels can also immediately be used aé
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input for other specific models, such as energy demand models, fleet
capacity models, cost-based tariff models, cost-benefit models, etc.
However, the model system is still incomplete when viewed in
the context of a demand-supply equilibrium system. Assigning the
ultimate traffic flows to the infrastructure networks; recalculating
the resulting transport times and costs, refeeding them into the
demand functions until those values are in equilibrium, that is
having the same ultimate values for all model parts, is only half
of the equilibrium solution. There is an equilibrium as far as the
supply of the infrastructure networks is concerned, but not for the
supply of the transport services delivered on those networks. To
achieve this explicit equilibrium, separate supply functions of
transport services are needed, while demand and supply shoula be
measured in the same units. Taking a partial equilibrium as an ex-
ample, the following functions can be defined.

52) Reduced demand function from equation 26 to 40, measured
in tonnage

g g g . T¢B g€ . qp8 g .
Viik = Fax(PFos Pogi TKEiqs ooy TKE s TT3 90 «oor TT555
4 g '
TZ359s «ees T2Z55)

g=1 ..., G

K=1, ..., K

i,j =1, ..., I

under the restrictions:

i.vgjk = v§,
? v?j = v%o
E vfj = vgj
598, - 308

Taking the tonne/hour as the general production unit in which
all individual trénsport services can be measured, the following
general demand and supply functions can be defined:

- ~ g g -
53) DUy sy = é TT 9k + Fax (VTak) = TTigk Fx (Vi)
54) SUijk = Hk (TKijk’ PKijk' TTijk)
55) DUijk = SUijk (long-term equilibrium)
where:
DUijk : demand for transport measures in tonne hours for

mode k on transport market i, j
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TT%J.k : transport time for commodity g and mode k on trans-
port market i, J
Egk (ngk) ;s reduced transport demand function for commodity g

and mode k on transport market i, J

TTijk ; average transport time for mode k on transport
market i, j

Fk (Vijk) + total reduced demand function for mode k on trans-
port market i, J

SUijk : supply of mode k, measured in tonne 1oading capa-
city hours on transport market i, jJ

PKijk : préduction costs for mode k gn transport market
i, J

TKijk : transport costs (tariffs) for mode k on transport

market i, J

This is only a partial equilibrium which has to be extended t6
all markets, the equilibrium'valuesldf all markets being
interdependent.
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Section B

A COMPARTISON OF VARIOUS FREIGHT TRANSPORT MODELS
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1. THE EUROPEAN COMMUNITY FREIGHT MODEL

1.1 Introduction

The most recently developed freight demand model is that by
the Netherlands Institute of Transport for the EC~area and Spain on
behalf of the Furopean Community.(1) In the terms of reference it
was stated that this freight demand model should support

"The preparation of estimates of Community infrastructure
requirements for merchandise traffic on principal routes
(road, rail and inland waterway) in the years 1985 and 2000".

In order to achieve this primary objective three distinct
secondary objectives were defined:

i) to construct a data bank of existing freight transport
statistics and associated economic statistics;

ii) to develop a freight simulation model based upon the data
bank and calibrated against it;

iii) +to use the simulation model to produce forecasts of
future freight flows given various scenarios for economic
development. '

As far as freight transport is concerned the whole forecasting
system is shown in Figure 3. The ultimate aim of the system is to
predict transport and traffic flows from one region to another in
as detailed a manner as possible. .

Because of differences in the explanation of the freight flows,
a distinction has been made between domestic transport per country
and international transport between countries. The study area for
which the transport flows have to be predicted consists of the nine
members of the Furopean Community, - Belgium, Denmark, France,
United Kingdoﬁ, Ireland, Italy, Luxembourg, The Netherlands and the
Pederal Republic of Germany - and one non-EC member of the ECMT,
Spain.

For domestic transport in these countries different levels of
stratification into regions were used, depending on their geographical
surface and on available statistics, while for international trans-
port the existing EC regions were used. The modes of transport were

1) Ref, 14),
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restricted to the so-called "land" modes, rail transport, road
transport and inland waterway navigation. Transport by pipelines
and sea shipping was omitted.

Because the developed freight model system for the EC follows
to quite an extent the aggregated freight demand-supply model struc-
ture high lighted in section A-3.2, the description of this compre-
hensive model system is held verbally.(1) '

1.2 Model development

The data base for model development

Each of the submodels of which the freight transport model
consists, is estimated on a transport and traffic data base for the
years 1973 (domestic transport) and 1974 (international transport).
The necessary data were provided by the different countries of the
study area and some international organisations such as the OECD
and the Statistical Bureau of the Community in Luxembourg.

The freight data bank compiled describes the transport and
traffic flows for the basic year in detail. For domestic and inter-
national freight transport the following information for each origin
and destination pair is available:

1. Zone of origin,

2. Zone of destination,

3. Commodity group m(m =1, - 2, ... 14),

4. Total tonnage transported per commodity group,

5. Tonnage transportéd per commodity group by mode of transport
(rail, road, inland navigation),

[

Average consignment_weights (differentiated as point 5),
7. Number of loaded vehicle movements per mode of transport,
8. Number of empty vehicle movements per mode of transport
(excluding rail transport),
9. Distribution of loaded and unloaded vehicle movements over
loading capacity classes per mode of transport (for inland
waterway transport: six classes, for road transport: six
classes and rail transport excluded).

In addition to this information the data bank contains a full
deécription of the available infrastructure networks for rail trans-
port, road transport and inland navigation, tariffs (rail, road and
inland navigation), transport times and transport costs (road and
inland navigation) on an origin and destination basis, time series
of transport and socio-economic variables together with foreign
trade figures on a country-to-country basis for 14 commodity groups
and for the period 1965-1976.

1) Ref. 14),
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Development of the domestic freight models

The need to include the domestic transport of each country was
very obvious given the ultimate aim of the study and the importance
of domestic freight traffic in the use of the transporf infrastruc-
ture. It implied the development of a separate domestic transport
model for every country in the study area.

Unfortunately, due to the lack of sufficiently detailed geo-
graphical data, no domestic model could be estimated for Belgium
and Luxembourg. There are some differences in the degree of statisti-
cal reliability of the estimated models between the different coun-
tries related to the quality and the degree of detail in which the
basic data were provided.

The domestic freight models developed consists by country of:

A production and attraction model by commodity group,

A distribution model by commodity group,

A modal split model by commodity group,

. A traffic conversion model by mode of transport,

. A traffic assignment model, for domestic and international
freight traffic for each mode.

S I L A
. e .

The production and attraction models explain the existing
relationships between the demand for transport by commodity group
and the level and structure of the economic activities. For statisti-
cal reasons the models could not be regionalised, so they consist of
a number of relationships explaining total domestic transport by com-
modity group based on the level of certain basic economic sectors.

In the second phase of the production and attraction models those
national totals were regionalised on the basis of exogenous infor-
mation concerning regional economic development.

For the transport of two commodity groups, solid fuels and
crude petroleum, no econometric relationships were used in the fore--
casting procedure; in those cases direct transport scenarios were
built for 1985 and 2000.

After determining total transport by commodity group and region
for all countries, distribution models are used to divide total trans-
port over all available origin and destination pairs. The distribu-
tion models, one per commodity group, explain the transport volume
by geographical transport relation as a function of total transport
generated by region of origin, total transport attraction by region
of destination and the value of the transport resistance between the
regions. The value of the transport resistance depends on the level
of transport costs and transport times, measured as door-to-~door
values, of the available modes of transport. The cost and time
variables used were calculated as weighted means, with the shares
of the modes of transport as weights.
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This implies that the distribution and modal split models are
interrelated or, in other words, the transport volume by geographical
transport relation depends on the modal split on that relation and
vice versa. In the forecasting procedure these interrelationships
were taken into account. ‘

The detailed estimation results of the distribution models for
the different countries give rise to the general conclusion that
there exists a basic similarity between the models found for the
different countries.

It is interesting to note that for all countries and all com~
modity groﬁps, the distribution pattern is highly influenced by
transport costs and for most countries also by transport time. The
resulting elasticities are highly significant, while the values of
the elasticities vary in a logical way with the commodity groups
concerned.

For the future the relative.distribution pattern can change
due to:

a) differences in regional transport growth (production and
attraction);

b) changes in the real transport costs by mode of transport;

¢) changes in the required transport time by mode of transport;

d) changes in modal split. .

Transport costs and times not only change due to various price
developments (energy, wages, etc.), but also due to changes in the
quality of the infrastructure networks, on which the calculations
of both these variables are based.

The third sub-model, the modal split model, distributes the
geographically determined transport volumes over the available modes
of transport, depending on the competitive position of each mode in
each geographical transport relation.

In the theoretical specification of the modal split models, the
differences between the competitive positions of the different modes
of transport are described as transport cost and transport time
ratios. The commodity classification used eliminates to a large
extent all other modal split factors of a qualitative nature such as
reliability, damage, etc.

In eyaluéting the modal split models estimated for the different
commodity groups and for the different countries, the general con-
clusion that there exists a number of similarities in the results
could be drawn. In all countries for all commodity groups the most
important factors which influence the modal split are:

1. The level of transport costs of the different modes of
’ transport;
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2. The level of transport times of the different modes of trans-
port; their modal split influence is primarily via the in-
fluence on transport costs; -

3. The (volunie) - scale of the transport market in which the
modes compete with each other. ’

There is one indirect modal ‘split factor which has not been
mentioned, that is the consignment weight in which the commodities
are transported. The consignment weight does influence the level
of transport costs and/or tariffs and transport times. In general
the larger the consignment weight, the lower the transport costs per
unit. However, the influence of the consignment weight on transport
costs decreases with increasing magnitude.

The average consignment weight depends in the model on the
volume to be transported and the transport distance. Thus modal
split is influenced by transport volume in two ways. First of all,
for all commodity groups an increase in the transport volume leads
to an increase 'in the average consignment weight (by mode of trans-
port), which leads to a decrease in real transport costs, affecting
different modes in different ways. The resulting changes in the
real transport cost ratios influences the modal split. Secondly,
for some commodity groups an increase in total transport volume
favours the use of modes which can offer transport means with a
relatively high technical capacity. So éven a general increase in
total transport volume, leaving the relative transport cost structure
unaltered,‘does in principle influence the transport volume by mode
of transport.

In reality, however, the influence of all modal split factors
on the toal transport market is diminished by the simple fact that,
for large parts of the domestic freight market, no real competition
between the modes of transport exists. This is particularly true
for short distance transport which is nearly all carried by road -and
forms a very large part of the total transport market.

The last group of models needed prior to the traffic assignement
are the so-called traffic conversion models. In principle the traf-
fic conversion model for each mode of transport consists of two
parts. The first part deals with the conversion of tonnage into
loaded movements by capacity class, while in the second part the
necessary empty movements, also by class, are determined. " In all
empty vehicle models the volume disequilibrium in the geographical
transport markets and transport distance form the explanatory varia-
bles. Unfortunately, for rail transport only the first part of the
traffic conversion model could be developed, without the inclusion
of a distribution of wagon movements over different types.

Assigning the traffic movements by mode of transport tb the
infrastructure networks, in order to compare traffic intensity with
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traffic capacity, is carried out by means of assignment models.
Using the minimum cost criterion, routes between all origin and
destination pairs are determined, to which the traffic can be
assigned. The assignment models also combine the traffic movements
originating from the domestic and the international transport models.

The development of the international freight transport

In addition to the domestic freight models a complete model for
international freight transport has been developed. Some components
of the international model are comparable with the domestic freight
models, for example, the modal split and traffic conversion models;
other parts have been developed in a theoretically different way.

To achieve the necessary consistency with the economic develop-
ments in the different countries, which give rise to international
transport betwen those countries, an international trade model was
developed, which formed the basis for forecasting the volume and
gtructure of international freight movements. So the first part of
the international freight model consists of a country-to—coﬁntry trade-
model where, as well as the ten countries of the study area, eleven
other countries or groups of countries are distinguished. To retain
consistency with the available transpoft data, the trade model was
also developed for the same 14 number of commodity groups.

The data on which the trade model is developed were derived
from the OECD trade statistics and cover the period from 1963 to
1975. Using origin and destination tables trade functions were
estimated, which explain the volume of trade by commodity group and
by origin and destination pair. The trade between an exporting
country and an importing country is explained by a production variable
for the exporting country, an attraction variable for the importing
country and a trade resistance or trade facility variable, expressed
in different dimensions, such as distance and membership of preferen-
tial trade arrangements, like EC, Benelux and EFTA, expressed by
dummy variables. After analysing and evaluating the development of
the trade pattern in time the estimation of the trade models was based
on a pooling of statistical data for the period 1963 to 1972.

Because of the significant EC ~ effect on the development of
the trade volumes between countries belonging to the EC, it can be
expected that, for the future, new members will be confronted with
an extra increase in their trade with the already existing members
of the EC. Those effects have been incorporated in the international
freight forecasts for the years 1985 (United Kingdom, Denmark and
Ireland) and for the year 2000 (Spain).

The trade flows measured in tonnes have to be translated into
freight flows. Because of the transit, mainly by seaports, the inter-
national freight- flows differ from the international trade flows. The
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conversion process took place on a country-to-country basis. After~
wards the resulting international freight flows were expanded to
region-to-region flows for the 14 commodity groups distinguished.
The regions used are the so-called EC regions (84 including Spain).
The volume of the trade and freight flows depends in the model
system on:

~ the socio-economic development in the countries concerned

(scenario);

-~ the assumed distribution of transit amongst the sea-ports in

the study area;

- the assumed internal origin and destination by country.

The derivation of the modal-split for international freight
transport is based on the same variables as used in the domestic
modal split models. The most important modal split factors found
are the tariff or transport cost variables of the different modes of
transport and a market scale factor. As could be expected, given
the structure of the international freight transport market, the
cost elasticities found are in general higher than the same elasti-
cities for domestic transport, implying that the international modal
split structure is more sensitive to changes in transport costs and
transport times than the domestic modal split models.

The traffic conversion models for international freight trans-
port have the same structure as for domestic transport. These models
determine in principle the number of loaded and unloaded vehicle
movements per loading capacity class per mode of transport.

Finally, as previously mentioned, the derived international
freight traffic movements together with domestic freight traffic were
simultaneously assigned to the infrastructure networks for road
transport, rail transport and inland waterway navigation.

The scenarios

A scenario is defined as a plausible and coherent simulation of
a future economic situation. The scenarios used in this study are
trend scenarios, i.e. they are attempts to extrapolate the long-term
trends as they appear from past developments. The basic assumptions
relate to the rates of growth of the Gross Domestic Product at con-
stant prices for the various countries covered by the study.

The horizon years are 1985 and 2000. For the period 1975-1985,
only one hypothesis, specific to each country, was made about the
growth path of Gross Domestic Product, whereas for the period
1985-2000 two possible growth paths were assumed and applied to all
the countries (average yearly growth rates of 2 per cent and 5 per
cent).

The method used to prepare these scenarios consists of a pro-
gressive breaking down of the aggregate growth figures into their
various components.
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" 1. National level
a) the GDP was broken down into value added in the three head
sectors (agriculture, industry, services);

b) value added of industry was broken down into eight indus-
trial branches.,
2. Regional level
Whenever the available information allowed, the value added
in each of the industrial branches was disaggregated by

regions.

When the necessary information was available, employment was
deduced from the GDP on the basis of certain hypotheses concerning
the development in productivity. :

DIAGRAMMATIC REPRESTATION OF THE SCENARIO FORMULATION

Value added Employment
G.D.P.\\ Active population<___popu1ation
\\\
Agriculture Industry Services S Total employment
Branches of activity -Agriculture Industry Services
Regional breakdown Regional breakdown

The value added figures were used as exogenous variables for
the freight model, i.e. as explanatory variables which determine the
endogenous transport variables.

The strategies

The model is intended to be capable of simulating the effects
of a wide range of variations in the determinants of freight traffic.
These. determinants include not only the socio-economic developments
contained in the scenarios but also major transport policy strategies.
A strategy is defined as "a coherent and co-ordinated body of
major decisions affecting the transport system and aimed at achieving
fairly long-term objecfives".
Strategy tests are intended to fulfil two purposes:
1. To identify and quantify the real value of a strategy. A4s all
policy measures entail both costs and benefits, the results
of the strategy test should indicate the nature and magnitude
of the costs and benefits that could occur;
2. To examine the alternative methods of achieving the stated
objectives in an attempt to determine the most efficient
means.
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The formulation of strategies comprises three main stages:

1. The definition of a number of primary objectives to be
included in the strategy;

2. The selection of opérational means of achieving these
objectives;

3. Translation of these "operational means" into terms accept-
able as inputs to the model.

In principle the model can take account of four categories of
instrument variables or combinations of them:

- factors affecting transport costs (e.g. labour and energy

costs);

- factor influencing journey times (e.g. speed limits, driver's

working conditions); .

- organisational factors (e.g. licences and permits, technical

controls);

- infrastructure.

Within the timetable and budget of the present study it was
only possible to carry out sensitivity tests of instrument variables
and an examination of the "status quo" strategy. The "status quo"
situation is the basis for any strategy study, as it serves as the
"bench mark" or point of comparison for the evaluation of all other
strategies. It assumes the continuation of existing policies into
the future. However, it does not assume that there will be no changes,
but that the changes which do occur will follow the lines already
laid down in government policy.

1.3 Projection of Furopean freight demand

The growth of total freight transport

During the forecasting period total transport in the study area
will increase by 78 per cent according to scenario 2000/(2 per cent)
and by 185 per cent according to scenario 2000/(5 per cent). So an
enormous difference exists between the freight transport consequences
of both scenarios. Within the total forecast, international freight
transport is always increasing faster than domestic transport,
independent of the formulated scenarios. In 1974 its share is about
5 per cent, which increases to a maximum of about 13 per cent for
the 2000/(5 per cent) scenario. Those developments are presented
in Table 1. It is evident that the high scenario for the year 2000
implies. a strong acceleration in growth over time. Given the econo-
mic situation of today and the prospects for the medium-term, the
reality of this scenario can be doubted. But at least 1t shows the
sensitivity of the freight transport forecasts to the assumed
economic developments of the countries concerned.
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In absolute figures the total freight transport volume for the
study area increases from 8.6 thousand million tonnes to about
15 thousand million tonnes for the 2000/(2 per cent) scenario and
more than 24 thousand million tonnes for the 2000/(5 per cent)
scenario. International freight transport gréws from 400 million
tonnes to more than 1,200 million tonnes (low-growth scenario) or
3,000 million tonnes (high-growth scenario) for the year 2000.
‘Looking at the individual courtry.level, the growth rates for domes-
tic freight transport differ, as can be seen from Table 2, due to
variations in the assumed economic development of the different
countries.

In Table 3 the development . of international freight transport
is further differentiated into ingoing and outgoing transport by
country. As international freight transport is based on the develop- .
ment of international trade between the countries, the EC - trade
effect for the new members of the Common Market (the United Kingdom,
Ireland and Denmark) finds expression in the accelerated growth of
their ingoing and outgoing freight transport volume. The same
happens for Spain after 1985. In particular the volume of outgoing
transport for Belgium and the Netherlands is also growing faster,
compared with the average development, because of their position as
transit countries Lor a large part of the study area.

Finally, in Table 4 the development of trade per commodity
group is given for the period before and after 1974, together with
the development of Gross Domestic Product of the study area. From
those figures it can be concluded that the development of inter-
national trade and therefore of international freight transport is
in general consistent with the past and expected growth of the Gross
Domestic Product of the study area.

The growth of freight transport by commodity group

Because of the different assumptions concerning the develop-
ment of the various economic sectors in the countries of the study
area, the composition of freight transport demand in terms of com-
modity groups is changing during the forecast period. With a few
exceptions, those developments are a continuation of structural
changes in the production structure of Western Europe already started
some time ago. These assumed continued developments have a strong
influence on the structure of freight transport demand, implying a
further shift to the transport of medium and high valued commodities
(see Tables 5 and 6). For domestic freight transport in the study
area the share of low valued commodities decreases from 52 per cent
in 1974 to 42 per cent in the year 2000 (5 per cent scenario). For
international freight transport this decrease is more pronounced
than for domestic transport. Here the same share decreases from
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Table 1

TOTAL FREIGHT TRANSPORT IN THE STUDY AREAS

(in million tommes; 1974 = 100)

1974 1985 2000/ (2%) 2000/ (5%)
Category
Absolute Share | Absolute Share | Absolute Share | Absolute Share
Domestic Transport
Absolute 8,168 95 11,383 94 14,020 92 21,336 87
Index (100) (139) (172) (261)
International Transport
Absolute 400 5 716 6 1,256 8 3,067 13
Index (100) (179) (307) (767)
Total Transport
Absolute 8,568 100 12,099 100 15,276 100 24,403 100
Index (100) (141) (178) (285)
. Table 2
THE DEVELOFPMENT OF DOMESTIC FREIGHT TRANSPORT PER COUNTRY
(in million tonnes, index 1974 = 100)
Country 1974 1985 2000/ (2%) 2000/ (5%)
Belgium 391 52 648 941
(100) (134) (166) (241)
Denmark(1) 14 1 28 47
(100) (150) (200) (336)
France 1,974 3,136 3,919 5,946
(100) . (159) (200) (301)
United Kingdom 1,939 2,664k 3,350 5,638
(100) (137) (173) (291)
Ireland 92 127 148 214
. (100) (138) (161) (233)
Ttaly 1% 09 1,484 1,736 2,591
(100 (135) (158) (236)
Luxembourg 20 24 31 4
(100) (120) (155) (215§
The Netherlands 422 535 652 934
(100) (127) (154) (221)
F.R. Germany(1) 557 636 872 1,388
(100) (114) (157) (249)
Spain 1,659 2,23 2,636 3,595
? (1039 (135 (i59) (517)
Total 8,167 11,384 i 14,020 21,337
Study Areas (100) (139) (172) (261)

(1) The freight transport figures for Demmark are not complete, while
for F. R. Germany freight transport under 50 km is not recorded.
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Table 3

TOTAL TRANSPORT (EXCLUDING SEA TRANSPORT) OUTGOING AND INGOING PER COUNTRY WITHIN THE STUDY AREA
(in million tonnes; base index 1974 = 100)

oLL

Bélgium Denmark United Ireland| Italy | Luxem-{ The Spain Total
Kingdom bourg Netherlands Study Ares
Ingoing
1974 80.9 1.9 2.0 0.2 19.0 12.0 77.0 144.8 2.3 399.7
(100) (100) (100) (100) | (100) (100) (100) (100) 1 (100) (100)
1985 44,3 6.3 6.5 1.6 36.7 12.9 128.2 258.2 5.7 716.2
(178) (325) (324) (872)| (193) | (107) (166) (178) | (248) (179)
2000/(2%) 250.0 11.8 11.8 3.6 60.1 17.8 195;7 456,2 15.0 1,225.8
(309) (607) (592)| (1,988)| (317) [ (148) (254) (315)| (649) (307)
2000/ (5%) 605.7 30.8 35.5 11.2| 152.5 32,6 418.2 1,203.1] 41.2 3,066.9
(749) [(1,591) (1,778) | (6,255)| (803) (270) (543) (831)| (1,787) (767)
Outgoing
1974 66.3 3.2 1.0 0.2 11.1 8.6 126.8 103.3 3.2 399.7
(100) (100) (100) (100) | (100) (100) (100) (100) |- (100) (100)
1985 128.2 7.8 4.2 1.1 24.8 11.8 237.7 156.2 6.8 716.2
(193) (245) (416) (594) | (224) | (137) (187) (151)| (215) (179)
2000/ (2%) 226.5 13.2 8.0 2.5 38.5 18.4 445,73 239.3 15.6 1,225.8
(341) (415) (785) | (1,341)| (347) | (215) (351) (232) | (494) (307)
2000/(5%) 551.3 29.5 25.9 7.2| 110.2 37.6 1,227.6 549.5| 35.6 3,066.9
(831) (927) (2,556) | (3,782)| (995) (439) (968) (532) (1,1282 (767)




about 52 per cent in 1974 to a maximum of 26 per cent'in the year
2000. The relative decrease in the transport volume of low valued
commodities, mostly transported in bulk cargoes, does of course
influence the future modal split structure, as will be seen later on.

Table &4

GROWTH FACTORS OF TRADE PER COMMODITY GROUP 1963-1972 AND
FORECASTS 1974-1985, 2000/(2%), 2000/(5%)

_ ; 1963~ 1974~ 1974~ 1974~
Period of Growth 1972 1985 2000/ (2%) 2000/ (5%)
% % % %

1. Agricultural 14.53 5.67 3.78 6.72
2. Foods 10.00 5.90 4,20 6.89
3. Fertilizers 1.37 2.59 1.69 3.09
4, Minerals 8.99 6.55 4,51 7.44
5. Ore and metal

residues 0.32 - 1.37 0.47 2.49
6. Chemical products 17.96 13.56 9.00 14,32
7. Products of

metal industry 7.57 3.93 3.76 7.37
8. Other agricultural

productg 5.48 5.86 4.04 6.48
11. 0il products 16.59 8.38 6.45 11.19
12. Cement, lime 7.90 5.13 3.51 5.94
13. Other fabricated .

building materials 9.79 8.26 5.63 9.41
14, Other articles 12.55 9.19 §.26 10.14
Total all commodities
(excluding 9 and 10) 9.86 7.15 5.37 9. 44
Gross Domestic Product 4,56 3.84 2.78 4,51

Table 5

STRUCTURAL CHANGES IN THE COMPOSITION OF DOMESTIC FREIGHT
: TRANSPORT IN THE STUDY AREA

(in percentages)

1974 1985 2000/ 2000/

(2%) (5%)
Low valued commodities
(1, 111, IV, V, VIII) 52% 49% 47% 4L2%
Medium valued commodities
(vi, VvII, XI, XII, XIII) 26% 27% 28% 30%
High valued commodities
(11, XIV) 22% 24% 25% 28%




Table 6

STRUCTURAL CHANGES IN THE COMPOSITION OF INTERNATIONAL
FREIGHT TRANSPORT IN THE STUDY AREA

(in percentages)

1974 1985 2000/ 2000/
(2%) (5%)

Low valued commodities
(I, III, IV, Vv, VIII) 51.6% 41.9% 35.0% 26.3%
Medium valued commodities
(vi, vII, XI, XII, XIII) 32.0% 39.1% L6.2% 56.2%
High valued commodities
(11, XIV) 16.4% 19.0% 18.8% 17.5%

The more specific developments of freight transport by commodity
group in the study area are given in the Tables 7 (domestic trans-
port and 8 (international). )

The growth of freight transport by mode of transport

Because of the increases in the transport volumes of each com-
modity group and the resulting changes in the composition of total
freight transport demand as far as the commodity groups are concerned,
some further changes in the modal split structure will occur for the
forecast period.

As it is assumed that price developments in the different cost
categoriés (e.g. energy, wages) will not give rise to changes in
relative real transpoft costs, the foreseeable shifts in the modal
split structures are only caused by transport volume effects.

An increasing transport volume can affect the modal split
structure for each commodity group in two ways. Firstly an increasing
volume may be accompanied by an increasing consignment weight. This
effect varies with the commodity groups and the modes of transport.
Secondly, an increasing transport volume can favour, by its scale
effect, the use of transport modes with relatively high technical
transport capacity means. This effect also varies by commodity
group.

Completely separately from the above-mentioned effects, the share
of each mode is.influenced by changes .in the composition of the -
freight transport demand in terms of commodity groups due to economic
developments.

The changes in the modal split structure in domestic freight
transport resulting from the scenarios are presented in Table 9,
while those in international transport are presented in Table 10.
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Table 7

DEVELOPMENT OF DOMESTIC TRANSPORT PER COMMODITY GROUP WITHIN THE STUDY AREA
(in million tonnes, 1974 = 100) :

2000/ (5%)

1974 1985 2000/ (2%)
Absolute Index Absolute Index Absolute Index Absolute Index
1. Agricultural 354.9 100 444.0 125 495,3 140 623.8 176
2. Foods 805.4 100 978.7 122 1,125.9 140 1,445.4 179
3. Pertilizers 155.5 100 174.8 112 184.4 119 213.9 138
4, Crude and manufac-
tured minerals 3,030.5 100 4,274,7 141 5,149.3 170 7,174.5 237
5. Ore and metal
residues 239.1 100 225.5 94 254.3 106 306.9 128
6. Chemicals products 223.5 100 345.6 155 449.9 199 692.2 310
7. Products of metal '
industry 371.5 100 540.4 145 700.7 189 1,162.1 313
8. Other agricultural

products 244.3 100 297.7 122 340.5 139 432.5 177
9. So0lid fuels 379.5 100 389.3 103 253.9 67 378.5 100
10. Crude petroleum 6.6 100 6.1 92 6.1 92 6.1 92
11. 0il products 496.1 100 883.4 178 1,303.0 263 2,512.0 506
12. Cement, lime 219.2 . 100’ 282.3 129 319.8 146 408.1 186

13. Other fabricated
building materials 688.7 100 919.7 134 1,078.7 157 1,526.7 222
14, Other articles 952.9 100 1,620.6 170 2,363.4 248 4,453.4 467
Total 8,167.8 100 11,382.8 139 14,020.2 172 21,336.0 261
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Table 8

DEVELOPMENT OF INTERNATIONAL TRANSPORT PER COMMODITY GROUP WITHIN THE STUDY AREA
' (in millioun tonnes, 1974 = 100) -

1974 1985 2000/ (2%) 2000/(5%)
Absolute Index Absolute Index Absolute Index Absolute Index
1. Agricultural 22.9 100 40,0 175 58.5 255 110.4 481
2. Foods ' 24.9 100 45.9 185 69.9 281 134.7 542
3, Fertilizers 11.5 100 14.3 124 16.3 141 22.1 192
4, Crude and manufac-
tured minerals 79.6 100 155.6 195 242.7 305 477.2 599
5. Ore and metal ]
~ residues 63.9 100 63.5 99 82.7 130 147.9 232
6. Chemical products 30.9 100 110.7 358 252.4 816 808.8 2614
7. Products of metal - ’
industry 45.9 100 64.8 141 108.3 236 246.6 537
8. Other agricultural .
products 9.8 100 16.2 165 23.0 234 40.1 408
9. So0lid fuels 35.0 100 24.9 71 14.3 41 29.2 83
10. Crude petroleum 0.6 100 0.6 100 0.6 100 0.6 100
11. 0il products 27.2 100 69.8 257 160.7 592 567.2 2088
12. Cement, lime 5.4 100 7.9 146 10.0 185 14.3 265
13, Other fabricated
building materials 7.1 100 16.8 235 28.9 404 69.7 976
14. Other articles 34.9 100 85.2 244 157.4 952 298.1 1142
Total 399.6 100 716.2 179 1,255.8 307 3,066.9 767
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Table 9

THE DEVELOPMENT OF DOMESTIC FREIGHT TRANSPORT PER MODE OF TRANSPORT UNTIL 2000 FOR THE WHOLE STUDY AREA
(Igter-Regional Transport only, in million tonnes; 1973 = 100)

2060/(2%)

1973 1985 " 2000/ (5%)
Absolute Share | Absolute Share Absolute Share | Absolute Share

Rail Transport
Absolute 573 20 777 19 951 18 1,514 18
Index (100) (136) (166) (264)

Road Transport
Absolute 2,014 72 3,018 74 3(862 75 6,232 75
Tndex (100) (150) 192) (309)

Inland waterway navigation
Absolute 233 8 302 7 381 7 548 7
Index (100) (129) (163) (235)

Total inter-regional transport -
Absolute(1) 2,820 100 4,097 100 5,194 100 8,294 100
Share (100) (145) (184) (294)

Total Domestic Transport 7,894 11, 383 14,020 21,336

(100) (144) (178) (270)

(1) Iuxembourg excluded



As far as domestic transport is concerned, one should bear in
mind that the modal split dealt with in the study is the modal split
for inter-regional transport. The division between intra-regional
and inter-regional transport is of course some what arbitrary and
highly influenced by the number of regions distinguished in each
country. For the whole study area only 36 per cent (1973) to 39 per
cent /2000/(5 per cent)/ of total domestic transport is defined as
inter-regional transport. The intra-regional transport volume is
for almost all countries transported by road.

Within the domestic inter-regional transport a further decrease
of the shares of rail transport and inland navigation in the study
area as a whole is foreseen during the forecast period, while the
share of road transport increases. The relative decrease of rail
transport and inland navigation differs per country, while for some
commodity groups in some countries rail transport and inland naviga-
tion even increases due to the scale effects: these effects however,
are counterbalanced by a slower growth of the commodity groups con-
cerned compared with the total growth of domestic transport. Table 10
shows the same kind of developments for international transport,
although the extent of the relative changes differs from domestic
transport. Rail transport here decreases from a share of 23 per cent
in 1974 to a share of 15 per cent in the year 2000 (5 per cent scena-
rio), while the share of road transport increases from 29 per cent in
1974 to 37 per cent in the year 2000 (5 per cent scenario). The
share of inland navigation stays constant for the whole period.

Table 10

DEVELOPMENT OF INTERNATIONAL TRADE AND TRANSPORT WITHIN THE STUDY AREA
(in million tonnes, index 1974 = 100):

1974 1985 12000/ (2%) | 2000/ (5%)
1. International trade, excluding }|395.9|896.411,545. 4,133.7'
crude petrolewm and solid fuels|(100)](214) (390 (1044)
2. International transport, all 2399.41715.9(1,225.4 3,066.4
commodities (100) [ (175) | (307) (768)
3? Inte;national rail transport 91.2]124.9 191.5 ASA.E i
(100) 1(137) (210) (498)
Share in total 23% | 17% 16% 15%
4, Inter;;;ional'road transport 117.31263.7 466.0 1,15;?5
. (100) 1(225) | (397) (956)
Share in total 29% | 37% 38% 37%
5. Inte;n;tional inland waterway 190.8 |327.4 567.9 1,490.6
Shipping (100) |(172) (298) (781)
Share in total 48% | L6% L6% 48%
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The growth of tonne/km production in international transport

Based on the tonnage transported per geographical tfansport
relation, the corresponding total amount of tonne/km for inter-
national transport could be calculated.

From Table 11 it can be seen that for rail transport and road
transport the tomne/km production increases faster than the amount
of tonnage to be transported. This implies an important gfowth in
the average distance per transport. In particular for rail trans-~
port the relative importance of transport under 500 km decreases
rather fast, while especially transport above 1000 km will become
more and more important. It has been calculated that the average
trangsport distance for rail transport increases from about 500 km
in 1974 to more than 625 km for the 2000/(5 per cent) scenario.

The same kind of development-will occur for international road
transport,-although to a lesser extent. Here also the volume trans-
ported under 500 km decreases, while above 500 km there will be a
relative increase in the transport volume. The average transport
distance will increase from about 450 km in 1974 to about 525 km
for the 2000/(5 per cent) scenario.

Although there will be some shift in the distribution of tonne/km
over distance classes for inland navigation, this is of lesser
importance compared with the other modes of transport.

The average transport distance hardly changed during the fore-
casting period. Two conclusions can be drawn from Table 11 and the
related evidence.

Firstly, an increasing part of international transport will be
transported over long distances (above 500 km), which among other
things is caused by an extra increase in international trade between
the original members of the EC and the new ones. Secondly, as a
consequence, rail transport in particular will be faced by a quickly
increasing average transport distance and a relatively large increase
in the number of tonne/ku. :

1.4 Evaluation

The EC freight model developed by the NVI is a first attempt
to model freight transport on a European scale. Although the model
development was aimed to support infrastructure policy in the Com-
munity, other transport policy areas were not neglected.

The model structure used, follows to a great extent the basic
modelling concepts of the aggregated inter-regional flow approach
(A-3.2). As far as transport is concerned the model system is com-
prehensive, taking into account the main structural relationships
within the transport sector itself. The degree of detail of the
model system depends of course on the aim of the model (infrastructure)
and the detail of the available statistical data.
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TONNES AND TONNE/KM BY MODE OF TRANSPORT FOR INTERNATIONAL TRANSPORT
(1974 = 100; tonnes in millions, tonne/km in thousand millions)

Table 11

2000/ (5%)

1974 1985 2000/ (2%)
Absolute Index Absolute Index Absolute Index Absolute Index

Rail transport .

Tonnes 91.2 100 124.9 137 191.5 210 254,2 498

'Qonne/km 46.9 100 72.4 154 116.8 249 287.2 . 612
Road "Transport

Tonnes 17.3 100 263.7 1225 466.0 397 1,121.5 956

Tonne/km 53.5 100 128.0 239 233.2 436 596.3 1115
Inland.waterway navigation

Tonnes 190.8 100 327.4 172 567.9 298 1,490.6 781

Tonne/km 66.1 100 114.3 173 198.9 301 531.7 804




However the relationships between freight transport and the
other economic activities show a certain structural weakness due
to the type of economic scenario formulation approach used. (B-1.24).
This type of approach can only be followed if no important structural
changes in the economies are expected. If such changes do occur, the
internal consistency of the production levels of the different econo-
mic sectors amongst the countries is doubtful.

Such structural changes however can be expected for the next
decades. The forecasting system can remarkably be improved if at
least explicitly formulated economic multi-sector models for the coun-
tries involved will be used to preserve the necessary consistency
between the individual commodity freight forecasts.

A lot of equations were specified and quantified. It is dif-
ficult to judge the reliability of all these coefficients, but for
international freight model choice some calculations of elasticities
were made and evaluated. :

As can be seen from Table 12, the derived price arc-elasticities
look reasonably well compared with the results of other studies.
Besides that it shows the sensitiveness of the international freight
transport markets to real transport cost changes. Changes which
can be induced by transport policy actions.

The strong sensitiveness of freight demand for the growth of
the economic activities is shown by the results of the different
applied economic scenarios. The 2 per cent annual growth of GDP
until the year 2000 leads to an increase of total domestic transport
of 80 per cent, while the 5 per cent growth alternative leads to a
growth of 185 per cent in transport volume. For international
freight transport the increases are even higher, ranging from about
200 per cent for the 2 per cent growth of GDP to about 650 per cent
for the 5 per cent annual growth of GDP, implying in particular the
trade-dependency of economic growth in the countries concerned.

Because growth in a dynamic context is accomﬁanied by structural
changes in the economies, the composition of freight demand to com-
modity groups is changing too, altering the demand for freight trans-
port in a structural way. Such induced changes in the composition
have led already to alterations in the shares of the various trans-
port modes.

The results of the EC~-freight model can be used for a first
evaluation of future infrastructure needs for freight transport.

Such evaluations will of course become more meaningful if passenger
traffic is taken into account too.(1) Principal routes of Community
interest can be studied in detail via cost-benefit analyses.

’

1) This is being done by the EC in combining the EC freight model
and a recalibrated Cost 33 passenger model.
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While the model system is primarily aimed at infrastructure
evaluation, the direct application to other transport policy areas
is somewhat restricted. For those areas the system is only a demand-
related prediction model, missing a demand~supply equilibrium mecha-
nism as far as the transport industry is concéerned.(1) In other
words the present EC-freight model predicts traffic flows which,
after some feedbacks, can be brought into equilibrium with the supply
of infrastructure, on the assumption that the supply of the transport
industry will follow demand. This assumption can reasonably be made
for a long-term infrastructure study, but it is less valid for medium-
or short~term developments on the freight transport markets, which
are of a particular interest to other transport policy areas. In such
cases the present system should be extended with proper specified
supply and price functions.

The forecast results presented in the NVI study can only be
seen as working examples of the developed model system. The European
Commission is ‘preparing a new set of scenarios more adapted to the
expected economic development of today. The resulting transport and
traffic flows within the European Community will be available in
the second half of 1981 and will be used in combination with long-
distance passenger transport to identify future infrastructure
bottlenecks.

Table 12
PRICE-ELASTICITIES FOR INTERNATIONAT FREIGHT TRANSPORT

36% increase in 30% increase in
Elasticities real road trans- real rail trans-

port cost port cost

Direct price elasticities

Road ~0.41 .

Rail . =0.83

. Cross elasticities

Road . +0,25

Rail +0.80 .

Inland navigation +0.02 +0.12

2. THE FREIGHT MODEL USED IN A RECENT CHANNEL STUDX

2.1 Introduction

Recently an extended cost-benefit evaluation of a fixed link
across the Channel was undertaken by Coopers and Lybrand and

1) Ref. 15).
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SETEC Economie on behalf of the EEC.(1) As part of the cost~benefit
assessment economic scenarios were defined for 1985 and 2000 and,
based on that demand, forecasts for passenger and freight transport
have been made. The forecast of freight transport is derived from
the expected future volume of trade flows by branches between the
United Kingdom and the Continent using a single base railway tunnel
connecting the SNCF and BR railway networks. From total freight,
mostly bulk carried by sea, a part is diverted to the fixed Channel
link. This type of traffic, carried by road vehicles or railway
wagons igs referred to as "unitised traffic". The "unitisation rate"
was estimated for the base year 1976 and forecasted for the years
1985 and 2000.(1)

2.2 The trade-transport model

The forecasts of the trade-transport flows were mainly based
on a four-step-model:

-~ forecasts of total imports and exports;

- forecasts by product group; )

- forecasts by exporting or importing country;
- forecasts by country and product group.

The formulation of the model is as follows:

bJ
1 .= . (P, =1,...,7
) o K, (2,) s =
. k
2) Q¥ <= &¥ ()% kK =1,...,K
j PR
1 °3
P
v -
1 1 4 *3
3) Viy o= Yy o= 1\ ok
s v K
xti X\ Py

1) Ref. 19), 21)
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4) Combination of submodel 2 and 3 to determine: Vk.(1)

1j

Qj © ¢ total trade volume of country J

i, j=1,...J: number of countries (14)

Pj ' : Gross Domestic Product (GDP) of country j in year N

Q? trade volume of sector k for country j‘(export or
import)

Vlj ' ¢ trade volume between country i and country j for
year (N+p)

Vij : trade volume between country i and country j for
year N '

P} : GDP of country j in year (N+p)

bj : total country trade elasticities

k

ej : branch-trade elasticities

The models described above determine the freight flows by branch
on a country to country base. Those flows are corrected by the
effects of brice alterations in the following way

Ck
k k k ij
5) (Vij)T = Vij . (rlJ)
ij actual derived trade flow between country i and
T country j for branch k
k R
i3 price factor
k
ij : export price-elasticity for the i,j relation and

branch
until the model describes the trade flows in constant dollar terms.
In a following step the trade flows in constant money terms are
Atransformed into tonnage terms by introducing price/quantity ratios
or unit values by branch.

The unit value of a product group is defined as the value at
constant prices of one tonne. The unit value is exXpected to increase
for the future, which indicates-a shift to more sophisticated pro-
ducts with a higher added value figure.(2)

1) Not described in detail in the report, but carried out using an
iterative procedure.

2) This is not explicitly introduced in the economic scenarios.

122



For the forecasting period increases varying from 1.0 to 3.0 per
cent a year are assumed.

Although not explicitly mentioned some constraints had to be
introduced to satisfy the internal consistency of the various sub-
models because the trade volume (export plus import) is determined
by equation 1, while the other equations step-by-step sub-divide
total trade into trade flows.

The choice of mode and route process for freight traffic is
not mentioned in detail. However the choice model used is a probabi-
lity model, which attributes to each choice of mode or route a cer-
tain probability. The impedance is a function of the generalised
cost, i.e. of the cost and the total transport time. All costs and
time elements are introduced, such as transport times, terminal
times, waiting times etc. The models were calibrated for the year
1977, given 3.4 pence per hour per tomne (9979 prices) as the derivedl
value of time. :

2.3 Evaluation

The forecast results for trade and transport with the United
Kingdom are presented in Table 13. The growth rates for international
trade are relatively high due to the high total country trade elasti-
city of the United Kingdom (2.53 for the EC-six, see also Table 14).
The growth rates for transport are somewhat lower due to the assumed
future increases of the unit values for the various branches.

Table 13
GROWTH RATES OF INTERNATIONAL TRADE AND TRANSPORT OF THE UNITED KINGDOM
1976 = 100
Low Scenario High Scenario

1976-1985 |1985~2000 | 1976-1985 1985-2000

GDP United Kingdom 1.5% 2.0% 2.8% 3.5%
Trade in constant dollars: '

Imports 3.7% 3.9% 6.0% 6.6%
Exports 3.8% Cb.2% 6.3% 7.0%

"Unitised" trade in tonnes:

Imports 2.4% 2.8% 4, 2% 4, 8%
Exports 3.7% 4.2% 6.3% 6.6%
-E;;;i-%rade in tonnes: h -
Imports 2% 3.7% 3.3% 3.8%
Exports 2.5% 3. 0% 4.1% 4. 9%
Year 1985 2000 1985 | 2000
“Total trade B T in mill. of tomnes |
Tonnage 44,6 65.2 50.6 95.7
Index (1976 = 100) (122) (179) (139) (262)

1) Trade and transport with countries that are of inferest for the
fixed Channel link.
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The assumed growth of the GDP has of course a.great influence
on the trade-transport volume development but some of the estimated
and used elasticities (period 1970-1975) look a little bit high to
be realistic. Such high trade elasticities are often found if the
endogenous (total import plus export) and the exogenous (Gross
Domestic Product) variables are too aggregated (e.g. see the unused
total export and import elasticities of the EC freight study).

Table 14

TOTAL COUNTRY TRADE ELASTICITIES
(Import + Export Together)

Country Elasticities

F.R. Germany . . 2.04
Austria . 1.73
Belgium/Iuxembourg . 2.04
Spain : 1.58
France 1.61
Italy 2.09
Netherlands 1.71
Switzerland 1.90
Total 1.49
EEC(Six) 2.53

-As a matter of fact the whole trade-transport model is too
aggregated for the derivation of structural equations. The main
volume variable (total import plus export) is only related to Gross
Domestic Product. Both variables are very heterogenous and their
composition willachange over time, altering their quantified relation-
ship. ©So the elasticities will probably not stay stable over time
when the structure of the economy is changing, as can be expected.

Secondly the total trade volume of a country is only related
to ité own Gross Domestic Product, excluding the foreign economic
developments. In reality, production and consumption developments
in the various trading countries will determine together the trade
volume betWeen those countries.

The other sub-models are "share"-models, dividing total trade
over exﬁort and import by branch and country pairs. Their results
do not influence the total trade by country.

Because of the simplicity of the trade~transport model the
economic structures of the various countries are not well related
to each other by the assumed trade relations. Even small structural
changes will probably change the values of the coefficients used in
the trade-transport model. However, because the results were used
in a cost-benefit analysis, where various alternatives were evaluated,
the absolute figures are of course less important. '

As the international trade-transport model used here covers the
same period as the EC freight modél, some comparison of the results

124



can be made. Detailed comparisons, however, are hindered by a
lack of commonly used classification criteria. The two main dif-
ferences between the SETEC and the EC-trade forecasting systems
are:

a) SETEC: trade volume for the United Kingdom, (total and per
branch) only related to growth of the Gross Domestic
Product of the United Kingdom. Afterwards a break-
down to trade relations is made.

EC: trade volume per branch between two countries is re-
lated directly to sectorial developments in both
countries (imports and exports are dealt with
separately).

b) SETEC: trade volume is measured in constant dollar terms,
which implies that the results have to be converted
in tonnage terms.

EC: trade volume is directly measured in tonnage terms,
which implies no extra conversion to transport.

The trade forecasts of SETEC can only be compared with the EC
results in a global way, because of the differences in the -applied
commodity classification. .

Further, the scenarios used in the SETEC study are not the same
as those in the EC Freight Study. As far as total United Kingdom
trade to and from the "Six" is concerned a comparison of results
could be made.

a) Scenarios United Kingdom (growth in GDP by year)

SETEC EC SETEC EC
low high low high low
1.4% 2.4% 3.4% 2% 3.5% 2% 5%

b) trade volume (1974 = 100; 1974 estimated)

b.1) SETEC scenario, 1985 2000

b.1) SETEC scenario, low high | low high
SETEC model 156 193 290 535
(constant dollar terms) | (4.1%) (6.2%) (4.2%) (6.7%)

b.2) EC scenario, 256 592 1629
SETEC model (8.9%) (6.7%) (11.3%)
(constant dollar terms) :

b.3) EC scenario, 270 485 1500
EEC model (9.4%) (6.3%) (11.0%)
(tonnage terms) -

(%) : annual growth rates
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Comparing the b.1) and b.2) figures one can see that the result-
ing increase in trade volume is completely different, mainly due to
differences in the scenario assumption about the United Kingdom's
GDP. For the year 2000 the low SETEC scenario b.1) gives an annual
growth figure of 4.2%, while the low-EC scenario filled into the
SETEC model (b.2) gives a figure of 6.7 per cent.

Comparing b.2) and b.3), one can see that the same EC scenario
used in the two different models gives more or less the same growth
figures (total trade only) for trade in constant dollar and in ton-
nage terms.

Next to the differences determined in annual growth due to the
use of different scenarios, measured in constant dollars, the con-
sersion from constant dollars into tonnage by SETEC causes another
important difference in the growth of trade in tonnage terms. That
is the use of a separate price/quantity index in this conversion
process which is assumed to increase annually by 1 per cent to
3 per cent, according to the branch. However no significant statis-
tical proof for this particular development could be found, neither
was it explicitly included in the economic scenario formulation.

By applying this assumption however the growth of international
trade in tonnage terms was brought back by 1 per cent to 3 per cent
a year. It should be clear that the EC freight model is avoiding
this difficult conversion process, although if one deals with both
measures (dollars in constant prices and tonnage) some small changes
in the price quantity ratios can be expected for the future.

So both models are using trade flows to derive international
freight flows. The trade model, relating the various economies to
each other, is more structurally developed in the EC-freight study
than in the SETEC study. However, in both cases the relationships
between the sectoral economic developments of the different countries
are of a weak nature (see B~1), and less useful for the derivation
of international freight flows under changing economic conditions.

3. SOME DISAGGREGATED FREIGHT DEMAND MODELS

3.1 Preight demand forecagsts for the West-Coast corridor study (US4)

In 1978 results of a freight demand forecast study for the
Pacific Region in the United States were reported by Cambridge
Systematics, Inc. For part of this study a disaggregated demand
approach was followed. Although model development was partly hindered
by the lack of enough detailed data, it shows possible directions for
further work in this area.(1)

1) Ref. 12).
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The aim of the study was to produce freight forecasts for the
manufactoring sector with a detailed commodity breakdown between
about 25 large regions situated in California, Washington and
Oregon, separately for road and rail transport (inland waterways
were omitted). ' :

The freight model developed uses a national ihput-output or
transaction table in relation to reported production activities on
a regional level, to estimate the regional consumption and production
levels of the various sub~branches c.q. commodities. Those figures
can be interpreted as the margins of a two-dimensional array of
freight flows. To calculate freight flows, however, it was neces-
sary to convert the production and consumption figures from dollars
(the units used in transaction tables) to tonnes. The conversion
figures (dollars per tonne) were derived from national figures.

After converting dollars to tonnes, first of all it was neces-
sary to determine the flows between the regions for every commodity
group (T?.). This procedure was carried out by a simple gravity
model to obtain an initial solution which, however, was not improved
afterwards. The models were developed for the year 1972 and applied
to 1995. ©No allowance was made for technological changes that could
influence the relationship between the inputs and outputs.

The model share analysis was based on a model of binary choice
between rail and truck. The model takes the form of a logistic
curve:

3 R exp(U; 4)
1jk 1 + exp(Uljkyi

-where:

Rijk : rail share of commodity k between region i and jJ

Uijk linear-in-barameters difference between the
utility of rail and truck transport

2) Uijk CO + Cy ij + 02 Tijk + C3 Vk

where: .

CO : constant

01, 02, C3 : estimated parameters

Dij : straightline distance between i and j

Tijk annual tonnes of commodity k moving between i
and j (tonnes/year)

v : value per tonne of commodity (%/tonne)

The values of the parameters used came from a previously
estimated modal choice model for the North-Eastern United States.
That model was adapted to the prevailing conditions in the Pacific
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region. The theory of model transferability used implied the
adaption of the constant term Co to "incorporate the influence of
changes in unobserved variables between the two data sets. The
value of the parameters used were: C1 = 1.52; C, =0.888;

C3 = =0.941; CO has different values for'the different States.

The authors themselves are aware of the limitations of-the-
derived model, mainly due to data shortage and recommend a lot of
improvements before any future application can take place. Although
the various sub-models are rather preliminary in their specification,
it shows a direction in which the aggregated inter-regional flow
and the disaggregated approach can be combined. This possible com-
bination will be discussed in more detail later on.

3.2 Disaggregate Model of modal choice in produce transportation (USA)

The second study is a commodity specific study (produce trans-
port) dealing only with the modal choice part in a disaggregated
way. In its specification it follows the disaggregated modal choice
specification highlighted in section A-3.1.(1). The study carried
out gives special attention to the attributes of modal choice such
as market commodity and, receivers attributes, and level of service
factors. The specification of the cost functions is based on inven-
tory theory. The model estimated is a disaggregated behavioural
modal choice model using a multi-nominal logit model to estimate the
coefficients.

In the approach it is hypothesised that individual shippers
choose among potential alternatives by minimising their total pur-~
chase énd logistic costs. Logistic costs are defined as ordering,
transport and storage costs, capital carrying costs in transit,
gafety stock carrying costs, loss and damage costs, etc.

The variables used in the model'specification are:

SSCCj = 0} . UPV
CCCLDj = Lp%j + CLPRj . UPV . ITj
C = MTT. . UPV
CTJ M j U
TRANSCOSr = Rater
Tramcos_b = Ra‘be.t . SHWT
vhere:
Uj : gtandard deviation of transit time for alternative j
(in days)
MTT : transit time for alternative j (in days)
Ra‘tej : freight charges for alternative-j (dollars/Ib)

1) Ref.18).
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LD%. : percentage of loss and damage for altermnative j (%)

J
CLPRJ. : probability of claim for alternative j (%)
ITy : investigation time for alternative j (days)

UPV : Unit produce value (dollars/Ib)
SHWT : shipment size (Ib) '
SSCC : safety stock carrying cost

CCCLD s capital carrying cost tied up with a loss and damage
claim .
ccerT : capital carrying cost in transit

TRANSCOS: additional charges such as refrigeration, handling, etc.

The modal estimate was used to calculate elasticities of demand
for the two alternatives (rail and truck). This was carried out by
computing the demand elasticities for each observation (1275) in the
sample and aggregating them to the overall market elasticities. Those
elasticities are tabulated in table 15.

Table 15
AGGREGATE DIRECT AND CROSS ELASTICITIES OF DEMAND

Aggregate Direct Elasticities of Demand:

rate - 2.63
Rail transit time -.1.26
standard deviation of transit time - 0.92
rate - 1.25
Truck transit time - 0.25
standard deviation of transit time - 0.12
Aggregate Cross Elasticities of Demand:
Rail with respect rate 4,24
to truck transit time 1.08
standard deviation of transit time 0.53 7
Truck with respect rate ‘ 0.68-
to rail -transit time . 0.30
gstandard deviation of transit time 0.22

The smaller elasticities for the truck alternatives can be
expected because of the large share of the motor carriers in the
market (four times that of railt). In other words a larger change
in trucks attributes is needed to attract an extra per cent of the
market. This is in accordance with the derived elasticity values.
The model was used to compute the impact of some major policy changes
in the model attributes. The impacts are presented in Table 16.

With the exception of the expected increase of the rail market
due to a 20 per cent truck-rate increase (+11.9 per cent) and the
relatively high elasticities, the calculated results look intuitively
acceptable., As far as comparisons are allowed, the rail market
share increases, calculated in the sensitivity analysis of the EC
freight study, are of the same order of magnitude (international
freight transport of corresponding commodities).
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Table 16
IMPACT OF SOME POLICY CHANGES

Predicted Rail Predicted Change
Policy change Market Shaxe in Rail Market
(vase = 21.8%) Share

- 20% rail transit time
reduction 25.3% + 3.5%

- 30% rail standard
deviation of transit-

time reduction 25.7% + 3.9%
20% truck rate increase 33.7% +11.9%
40% reduction in loss and

damage for rail 22.8% + 1.0%
15% reduction in rail rate 27.3% + 5.5%

The model approach shows in particular the possibilities of
including more variables than the usual ones, such as transport costs
and transport times. The deviation-of-transit-time factor is of
special interest, because it represents the reliability of transport
to the shippers. Such factors however can only be introduced if a
disaggregated consignment approach is chosen, rendering the modal
split model more sensitive to policy making in this particular case.

4. SOME URBAN FREIGHT DEMAND MODELS

4.1 Introduction

Although there are hardly any theoretical reasons why urban
‘freight demand modelling should differ from inter-urban or inter-
regional modelling as described in the foregoing, in practice other
methods are followed. .

Because transport planmers are often faced with the need to
estimate the level of qommercial vehicle movements as part of an
urban transportation study, for which no standardised models {such
as for passenger transport) are available, simple direct forecasts
of the number of commerc¢ial vehicles are made. In this section two
examples will be given, one which highlights the often followed
procedure in the United Kingdom and other European Countries and one
which is representative for the United States.

4.2 The European experience

Although there is definitly no single approach in Europe, most
of them have a lot in common. To summarise those approaches as far
as their basic elements are concerned, the United Kingdom experience
is taken as an example. This section relies to a great extent on an
excellent paper written by C.R. Eastman for the 1979 PTRC-Conference
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in the United Kingdom, entitled "Freight Modelling ~ Which Way Now?"
This paper summarises the experiences over 10-15 years with freight
demand modelling in the United Kingdom, mostly in an urban context,
its criticism and its prospects(1).

The basic model structure used by many transport planners is
described in figure 4.

The macro forecasting model used in the United Kingdom by the
Department of Transport is a trend-based partial forecasting system
for commercial vehicles (number and tonne km).

Figure 4
BASIC MODEL STRUCTURE

Gross Domestic Product Current data

Vehicle size

Legislation . Past trends

Commodity Forecasts R

etc.

3 '

Macro Forecasting Mods!

A

Local factors

Local Spatial Model Current pattern
Land use

Using a GDP/tonne-km relationship to forecast the number of
tonne-km. Deduct tonné-km by other modes (rail, water, pipeline).
extrapolate past trends in average carrying capacity of the vehicles
and past trends in average load factors and calculate therefrom
the future vehicle-km. From an assumed annual km per vehicle the
future number of vehicles is calculated. To produce the correspond~
ing figures for vans, a constant proportion of the goods vehicle
fleet is used. Without going into detail it is obvious that such
an approach is not very useful, and is unlikely to produce reliable
answers to policy questions. It was then officially concluded that
"the uncertainties in the various parts of this forecasting process
are so great that the final results can be little better than
guesses".

1) Ref. 16).
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In the meanwhile a revised forecasting procedure is proposed,
which starts forecasting tonnage produced by industry and splits
total tonnage between the different modes before producing vehicle
fleet numbers and tonne-km.

It is nevertheless still based on the extrapolation of aggre-
gated past trends (national totals) and does not include any
spatially disaggregated estimates. National totals are used as con-
trol figures for particular urban or regional commercial vehicle
forecasts. .

As far as local spatial studies are concerned, so-called direct
commercial vehicle trip models are used. In the more extended
approaches the forecasting of commercial vehicle movements follows
the well-known urban passenger transport modelling approach, based
on zone-to-zone flow data. It follows the sequence of trip genera-
tion and distribution by a gravity type of model.

The trip generation model is particularly hindered by a lack of
parameters to describe commercial trip generation and attraction on
a zonal level (such as number of firms, firm size, physical distri-
bution, number-of commercial vehicles owned, etc.).

411 efforts have been made to relate vehicle trips directly to
one or more zonal factors. However, results wére such that they could
not be used with confidence as a prediétive tool. The experience of
other countries shows the same kind of results.

To avoid all the problems involved in developing commercial
vehicle trip models, often growth factor procedures are used. These
start with the construction of a base year matrix by a journey log
survey or by a partial matrix approach'(screenlihe, survey method).
In both cases the survey results have to be extended to the whole-
area. Next, growth factors have to be defined which could be either
a simple overall factor or factors based on a zonal growth pro-
cedure (based on populations, employment, etc.).

All those models are hot explanatory which implies the neces-
sity to apply a further overall factor in order to bring the total
matrix in line with prévgously calculated control totals, e.g. the
totals from the macro.forecasting model.

C.R. Eastman ends his summary of the United Kingdom freight
modelling experiences with some concluding remarks which, as far as
urban transport is concerned, are self-explanatory and applicable
to the ekperiences of many countries.

1. "There are few, if any, truly explanatory projective tech-
niques in the field of "(urban)" freight modelling and all
forms of local model need to rely on a externally derived,
macro forecasting model. Those macro models tend to be too
simplistic".
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2. "At the level appropriate for highway transport planning
there is little opportunity to develop a satisfactory trip
end model (spatial models)",

3. "In overall terms the field of "(urban)" fréight modelling
is still in its infancy".

A more detailed description of a spatial vehicle trip generation
model within an urban context is given in the next section.

4.3 Commercial vehicle trip generation (USA)

The analysis of the commercial vehicle trip generation relation-
ships in the Chicago region, described here, is a typical example of
an often applied urban freight modelling approach. The relationships
are estimated based on land use characteristics, taking into account
different sizes of trucks (light, medium and heavy trucks). The
analysis is compatible with the convential urban transport planning
models for passenger transport.(1)

The analysis carried out is aggregative as it deals with 2zonal
sub~areas of the region rather than with individual firms. Relation-~
ships are developed between the volume of truck traffic generated
(or attracted) .by these zones and various measures of the activities
located there. The land use categories defined are: residential,
manufacturing, commercial public building, public open space, trans-
port-communications-utilities and other developed land.

Within each category, land area and employment are taken as
measures of activity. The truck data are provided by a specific
commercial vehicle survey (1 per cent overall sample of all register-
ed commercial vehicles in the Chicago area).

Separate regression models were formulated for each truck type
and for total trips to the sub-regions; the main results are pre-
sented in Table 17.

Total trips to all land useé, TTOT, is best explained by total
district employment. After stratifying the truck trips to vehicle
type, total employment still yields the best results as an unstrati-~
fied land use measure.

The results will improve if truck trips are stratified dy type
of land use (see equation 1 to 4 for total truck trips). Within
the vehicle categories the same improvement will be achieved, although
the results overall are less good than the total truck model results.

From the results it can be concluded that the type of activity
measured in employment 1s the best explanatory variable in such trip
generation models. Better results however were obtained with the
total truck models than with the various vehicle type models.

1) Ref. 17).
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Table 17
VARIOUS TRUCK MODELS

Model Type N R F
Total Truck
1) TTTOT = 4573.0 + 33.8 TOTEMP 62 .50 59.2
2) TTRES = 1078.6 + 56.5 RESLU + 11.7 DU 64 .54 36,0
3y DIMAN = 730.6 + 9.7 MANEMP 64 .58 85.4
L) DPTCOM = 2252.7 + 23,7 CONEMP 62 .50 59.0
Light Truck
1) LTTOT = 2427.9 + 11.92 TOTEMP 62 .32 27.3
2) LTRES = 188.8 + 35.38 RESLU + 2,86 DU 63 .55 36,3
3) LIMAN = 163.4 + 96.16 MANLU 50 .58 38.8
L) LTCOM = 1112.2 + 9.76 CONEMP 61 .31  27.0
Medium Truck
1) MTTOT = 2117.6 + 17.65 TOTEMP 62 .41 41,3
3) MTMAN = 257.6 + 5.11 MANEMR 61 .51 69.9
LY MTCOM = 2492.1 + 3.60 COMEMP 64 .34 32.6
Heavy Truck
1) HTTOT = 835.2 + 3.1 TOTEMP ' 62 .20 14.6
3) HTMAN = 271.6 + 2.3 MANEMP 61 .54 70.6
HTCOM = 305.7 + 2.2 COMEMP 62 .18 13.5

4

Note: All models are significant at 99 pef cent by the F-test.

Definition of variables

TTTOT = Total truck trips to the district

TTRES = Total truck trips to Residential land uses in the district
TTMAN = Total truck trips to Manufacturing land uses in the district
TTCOM = Total truck trips to Commercial land uses in the district
LTTOT = Light truck trips to the district

LTRES = Light truck trips to Residential land uses in the district
LTMAN = Light truck trips to Manufacturing land uses in the district
LTCOM = Light truck trips to Commercial land uses in the district
MTTOT = Medium truck trips to the district '

MTMAM = Medium truck trips to Manufacturing land uses in the district
MTCOM = Medium truck trips to Commercial land uses in the district
HTTOT = Heavy truck trips to the district

HTMAN = Heavy truck trips to Manufacturing land uses in the district

HTCOM = Heavy truck trips to Commercial land uses in the district
RESLU = District Residential land area (100 acres)

MANKU = District Manufacturing land area

MANEMP = District Manufacturing employment (in 100 employees)
COMPEMP = District -Commercial employment

TOTEMP = District Total employment

DU = Number of Dwelling Units in the district (in hundreds)

Overall, however, the results are not very promising because
of the large coefficient of variation of the regression models.
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SUMMARY

1. Basic concepts

i) Spatial analysis

Freight demand-supply analysis is a spatial exercise, implying
that the explanation, the determination and the prediction of freight
flows between regions or zones must form the corner stone of success-
ful freight modelling.

ii) Contribution to transport policy evaluation

If freight demand-supply modelling is used to support policy-
making in the transport field, it must be seen as part of a broader
policy evaluation process. This evaluation process consists of
three stages:

a) definition of policy aims and policy instruments to be used;

b) the specification of the structural relationships between
the aims and the instruments;

¢) finding the optimal policy in the number and usage of the
available instruments;

The main contribution of freight transport analysis is to
stage b). Efficient freight transport modelling, however, can only
be achieved if the policy objectives and the policy instruments
are defined a priori in an operational way: operational in the sense
that the policy objectives can be translated into transport economic
variables and the instruments into the data of the transport markets.
The definition of operational objectives is an especially difficult
task in which the transport analyst should assist the policy makers.

iii) The main policy actors

Due to the derived character of freight transport demand the
main policy makers ~ transport industry and government - can only
try to influence the outcome of the freight transport markets by
changing the supply conditions.

Government institutions mainly influence the supply of transport
services in a indirect way by their infrastructure policy and their
various kinds of regulatory policies, while transport. industry deci-
sions have a direct influence on the type, quality and level of the
transport services offered. Both policy~actors need, however,
general interrelated information about economic developments, freight
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demand developments and technological developments. Here general
models can provide the necessary answers (general in contrast to
micro-models needed by individual or groups of transport firms).

iv) A generally accepted freight demand-supply theory

Although different models have to be specified, depending on
the policy problems involved, they should all be based on a common
and generally accepted freight demand supply theory. From a simple
demand-supply equilibrium theory it can be argued that the activity
pattern and the available transport system form the main groups of
variables influencing the equilibrium of the transport markets.

Because both the activity pattern and the transport system can
. only be defined in a spatial way, the endogenous variable, being the
actual freight demand, is also spatially determined, that is to say
on a region-to-region or zone-~to-zone basis.

v) The_economic _activity pattern

The activity pattern, being the most important determinant for-
the demand for freight transport, is characterised by its levels,
its composition or structure and the geographical distribution of
the production and consumption activities.

411 the various elements of the activity pattern are interrelated
and form together the main input to the freight demand models.

vi) The supply of transport services

The transport system, consisting of all the various types of
transport services offered, determines the supply conditions of the
freight transport markets. The way shippers will respond to changes
in those conditions depends on the type of decisions they have to
make, taking into account the adaption costs and times involved.

The supply conditions, expressed in level of service variables
(including costs), are influenced by the physical transport infra-
structure and the production functions used by the transport firms.
As already stated, transport policy is almost always aimed at alter-
ing the prevailing supply conditions, which emphasises the great
importance of the right specification of the supply functions and
the derived level of service variables.

vii) Aggregated versus disaggregated approaches

Based on basic theoretical concepts, freight demand modelling
has been developed in two different directions, that is into a dis~
aggregated consignment and into an aggregated-freight-flow model
approach, the main difference being the choice of the statistical
_ research unit. The disaggregated approach is described in section 3.1,
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while the more common and more developed aggregated-flow-approach is
described in section 3.2.

viiil) The advantages of the gggregated-freight;flow approach

The great advantages of the aggregated-flow-approach lie in the
data availability, at least in Western Europe, and in the possibili-
ties to integrate general economic developments with freight demand-
supply developments. '

The data needed for the model development are, as the EC freight
study has shown, normally collected by the statistical bureaux of
the various countries on a yearly basis.

The economic models are used to forecast the main input to the
freight demand-supply models ~ the expected pattern of economic
activities - dealing with economic sectors (groups of firms) and regions.
The level of the individual firm will never be used, except probably
for detailed'micro-study.

Here the correspondence with the two types of freight modelling
becomes clear. A multi-sector economic model and an aggregated
freight-flow model deal both with relationships between groups of
firms, while the disaggregated approach (economic and freight) deals
with relationships between individual firms. If the commodity and
the sector classification are adjuéted to each-other, a statistically
and theoretically consistent set of interrelated economic and freight
(sub) models will exist.

ix) The advantage of a disaggregateh—consignment approach

The main disadvantage of aggregated~flow modelling, which is at
the same time the main advantage of disaggregated modelling, is itsi
limited sensitivity to shippers' behaviour faced with changes in
supply conditions. There are two reasons for this: the use of
aggregated values of the explanatory Variables and the limited number
of variables which can be introduced. Disaggregated-consignment
models are not hindered by the above-mentioned limitations (see sec-
tion 4.3.1) and will be more policy-sensitive than aggregated freight-
flow models(1).

x) Syrnthesis between aggregated and disaggregated modelling

To overcome ‘this problem a synthesis should be found between
both approaches, which implies a combination of both model types
depending on the degree of sensitivity of shippers' behaviour to

supply conditions.

1) Ref. 6), 11).

137



xi) Short-term and medium-term freight models

For a short- and medium-term freight demand-supply model the
following combination is most likely:

I Aggregated-freight-flow~approach
- multi-sectoral economic model;

spatial economic model;
freight production and attraction models;
freight distribution models.

ITI Disaggregated-consignment-approach

~ freight modal split models;

- freight traffic production models;
IIT Supply models

(These models are already based on individual observations)-
IV Equilibrium models.

In a freight demand-supply model of such a structure, transport
policy alternatives can be translated into the supply elements of
the model system, while the consequence for the (transport economic)
objectives can be determined through well structured behavioural
equations for both shippers and transport firms.

xii) Long-term freight models

Ag far as long-term models are concerned, probably complete
aggregated freight-flow approaches can be applied, as only the main
developments are of importance, e.g. for long-term infrastructure
planning it can be assumed that supply will follow demand taking into
account the expected technological developments and some global
transport policy alternatives. For such developments aggregated-
freigh%—flow moéels have shown to be sensitive enough (see the
EC-freight study). '

2. Recent freight transport modelling

To compare freight transport models in detail is difficult
because they are often specific and developed for solving a particular
transport policy problem. However, they can be judged on more objec-
tive criteria such as:

a) the general assumptions made about the demand-supply equili-
brium process on the freight transpert markets;

b) the way the various demand-and supply functions are explicitly
specified; and

¢) the results in relation to the policy objectives of the models.

2.1 Aggregated-freight-flow approaches

Two aggregated-~freight-flow models - the EC freight model and a
Channel study freight model ~ were analysed in detail. The main
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difference between the two is that the EC freight model development
was an exercise in itself, while the rather simple freight model used
in the Channel project was developed only as part of a larger cost-
benefit evaluation system.

i) The EC freight model

The EC freight model, being the first attempt to model freight
transport on a European scale, follows to a great extent the basic
modeliing concepts of the aggrggated-flow approach described in
section A4.3.2. The model is comprehensive and deals with national
as well as international transport.

With the exception of the economic models, all submodels are
well specified, within the possibilities of an aggregated-flow
approach, while the empirical results for those models show a lot
of similarities between the various countries. It implies that the
chosen model specification could be satisfactorily applied to coun-
tries with different economic structures.

Some sensitivity tests were made by applying different growth
scenarios for the future and calculating the price-~elasticities for
the international modal split model. The price-elasticities look
acceptable, showing policy-sensitiveness for altering supply conditions
on the international freight transport markets.

The use of a low- and high-growth economic scenario confirms
the existing strong sensitivity of freight demand to developments
in the econmic activity pattern (production, consumption and geographi-
cal distribution). Not only the total volume of freight demand, but
also its composition to commodity groups and the distribution over
moded of transport is highly influenced by economic growth, even if
the supply conditions do not change.

Because of that it is a pity that no consistent multi-sectoral
economic model could be used to forecaset the production levels of
the various economic sectors.

However, such a model was not available and ﬁhe scenario formula-
tion followed only allowed for inconsistent sector developments,
making the commodity forecast results less reliable.

The model system was aimed to support infrastructure policy on
an EC-level. To accomplish this, freight flows between all regions
were translated into detailed traffic flows which could be assigned
to infrastructure networks to evaluate future infrastructure
bottlenecks.

The EC freight model is a typical long-term demand-supply model,
because it is conditional to the assumption that the supply of the
transport industry will in principle follow demand developments.

This is a reasonable assumption if some long-term technological
developments and some general transport policies are also taken into
account. The equilibrium process is based on an iterative calculation
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of the equilibrium values of infrastructure-related variables, such
as transport times and costs.

New forecast results, including the identification of future
infrastructure bottlenecks, will become available at the end of
1981, based on a set of scenarios more adapted to the expected econo-
mic development of today. The results will combine freight trans-
port and long-~term passenger transport.

ii) The Channel study freight model

The freight model used in this cost-benefit study deals with
international freight transport. As in the EC freight model, inter-
national freight flows were related to the development of trade
flows by branch between the countries of interest (14), from which
a trade-transport model was developed. Although this model is too
aggregated in some of its parts, it shows, as does the trade-
transport model in the EC~freight model system, that modelling the
interrelations between the economies by first using a trade model
offers the best opportunity for forecasting international freight,
an approach which is ip accordance with the basic concepts mentioned
in section A.

Similarly to the EC-freight model project, this study also suf-
fers from the lack of a structural economic multi-sector model to
produce consistent economic scenarios. In the case of expected
structural changes, the results will probably be doubtful.

Although both studies use different economic scenarios, some
global comparisons could be made, showing few differences in the out-~
come if the same scenarios are used. However, because of a separate
assumption made about the price/quantity development in the Channel
study, the ultimate growth of international trade in this study is
less than in the EC-freight study. An assumption which looks some-
what doubtful, given the statistical evidence.

This study, tg@o, is a long-term study. No specific equilibrium
mechanism is used as far as supply is concerned. Much more so than
the EC-freight study, the results are demand-related assuming that
both the supply of infrastructure and transport industry will follow
demand.

2.2 Disaggregated-consignment approaches

Although there are only a limited number of studies available,
some of them show some interesting directions for further work. Real
disaggregated demand modelling is seriously hindered by lack of data,
which have to be collected specially by shippers-surveys.

The first study shows an attempt to combine an aggregated-freight-
flow approach, partly based on input-output tables, and a disaggre-
gated modal choice model. The various models are rather preliminary
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in their sapecification, mainly due to a lack of more specific data.
In any case it shows a promising combination of both modelling
approaches. The second study is of interest because it showa the
extra possibilities to incorporate more specific modal choice factors
in a disaggregated approach. In contrast with aggregated-flow-modal
split models, where often only transport cost and transport time
variables can be introduced, the modal choice model specifies two
extra variables, that is a loss-and-~damage and a transport time-
reliability variable. The modal choice model estimate was used to
calculate arc-price-elasticities of demand and to simulate the impact
of some major policy changes in the model attributes, showing its
policy sensitivity.

Both model attempts support the idea of synthesis between the
aggregate and disaggregate modelling approach for short- and medium-
term demand-and-supply models with the emphasis on a greater policy-
sensitivity of the total model system.

2.3 Urban freight modelling

Urban freight studies show that freight modelling in urban
areas is still in its infancy.

The methods used are very global, not structural, and their out-
come has often to be adapted with some externally calculated control
totals. The main failure can be due to direct modelling of commer-
cial vehicle trips, instead of starting with the economic relations
between the various zones of ah urban area. There is no reason to
believe that the basic concepts of freight demand modelling mentioned
in section A are in principle inapplicable to micro situations like
urban areas. There is of course a lack of data, but in such cases
disaggregated model techniques based on data samples, offer firm
possibilities for model development. The same has happened in the
field of passenger transport. At the moment if freight transport in
urban areas - the micro-economic-life-system - gets the same attention
from policy makers as passenger transport enough resources will come
available to collect, just as for passenger transport, the necessary
data for model development.
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SUMMARY -OF - THE - BISCUSSION

1. INTRODUCTION

Modelling is a relatively old-established practice in the field
of economics, but was fairly slow to be applied to the transport
sector, where its first form was the forecasting of purely physical
phenomena. This is why, at the moment, an evaluation of models by
comparing forecasts with real figures is simply a matter of
determining how operational are the models that forecast passenger
and freight traffic.

Such forecasts are particularly necessary now because in the
present economic context it is no longer possible just to monitor
phenomena and to expect past trends to go on, and yet - precisely
because of the changes of the recent past - modelling is becoming
increasingly difficult just when these very changes make the need for
it more vital than ever. This clearly underlines the importance of
any exercise aimed'at.testing the reliability of models for the use
that may be made of them, as the quality of the projections depends
on the quality of the models.

A retrospective examination(l) is particularly enlightening for
evaluating the quality of the forecasting models used in the
transport'sector; lessons can be learned and the study of past errors
will hopefully lead to improved reliability in the.instruments used.
In such studies however, gaps between forecast and outturn should
certainly not be considered solely as a criticism and from a purely
negative or faultfinding standpoint. Judgments should be relativised
because:

- the concept of recorded traffic is itself not very precise; in
surveys carried out to estimate actual traffic there are

1) Characteristic of this type of approach is the work of
1. Mackinder who carried out a forecast/outturn comparison for 44
urban transport studies carried out in the United Kingdom between
1962 and 1971. On this subject see:

- Mackinder, I1.H.: "The Predictive Accuracy of British Transport
Studies - A Feasibility Study". Department of the Environment,
bDepartment of Transport, TRRL Report SR 483, Crowthorne 1979.

- Evans, S.E. and Mackinder, 1.H.: "Predictive Accuracy of
British Transport Studies". Transportation Models and Analysis,
PTRC Proceedings July 1980. London 1981.
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serious problems of reliability so that these traffics are
still poorly quantified;

- there are also difficulties as regards the horizon the studies
apply to: the terms of comparison change with the year of
reference.

This being borne in mind, a careful study of past transport
demand modelling applications and forecast/outturn comparisons show
that the errors which have been made are of two main types:

- one connected with defects in the models used;
- the other resulting from mistakes in the incorporation of
‘exogenous variables.

These two types of error will be examined in turn and on the
basis of a rapid survey of past difficulties encountered in this
respect an effort will be made to draw a number of conclusions Iikely
to improve the future performance of transport demand forecasting
instruments.

2. DEFECTS IN THE MODEL

Mistakes made in the past inherent in the model itself stem from
two main causes:

- estimation of parameters: this is an extremely technical
problem which will not be discussed more fully here except to
point out the uncertainty caused by estimating parameters too
frequently on the basis of spot rather, than interval data,
though certain doubts about probability approaches are still
justified;

- the internal structure of the model: while a retrospective
review shows that errors of this type have not always been the
most spectacular, the fact remains that substantial
improvement can be envisaged in model construction under at
least three headings:

2.1; The analytical -phase

Before attempting to put a phenomenon into the form of a model,
a thorough understanding of the phenomenon is necessary. Models are
no more than the expression of a certain degree of knowledge of a
sector. Apart from the modelling phase proper and the synthesising
phase - i.e. forecasting - it is therefore necessary to develop a
fully-fledged analytical phase including, in particular, the study of
the sensitivity of demand to different variables.

In the course of this exercise which precedes the construction

of any model, it is particularly important not to rely on appearances
1
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and over-hasty analyses. The correlations between variables
therefore need to be interpreted with subtlety. Income elasticities,
for example, are often extremely important, but leaving things at
this simple statement may mean erroneous interpretation and hence
inoperative models because, in reality, as only in-depth study can
show, income acts not so much as such but as a characteristic of a
certain social function.

This analytical phase should give rise to a certain interaction
between the model and the studies which precede its construction.
Developing the analysis along these lines should help to avoid
constructing models erring on the side of optimism - all too
frequently the case with traffic forecasts in the past through
inadequate appraisal of phenomena associated with the spread of the
car - because of the lack of analysis, the models used at the time
disregarded, among other things, the fact that diffusion always
tapers off with time. Another typical example of the errors which
can result from inadequate analysis and hence knowledge of the sector
studied - referred to by R. Marche in his introductory
report - relates to French air traffic forecasts which overestimated
the need for provincial intercity links. A thoughtful preliminary
study would no doubt have helped to correct these forecasts by
showing that there are in fact different levels of transport need
according to the hierarchy of functions in the town concerned and the
town's place in the space-time structure.

The organisation of markets is a very important factor in the
analysis and must be incorporated in the models; but market
phenomena, like sociological factors, cannot be so incorporated
without a full-scale analysis of markets and their behaviour. 1In
this field there are many similarities between passenger ‘and freight
transport markets, though the peculiar characteristic of the latter
is the absence of '"pure" or '"perfect" competition in their
organisational structures: observed results are not the sum of
non-organised decisions but depend on strategies which themselves may
vary over time. Hence the evident need in freight transport - just
as in passenger transport - for a thorough analysis of the demand
sector before any attempt at modelling. Market-surveys are thus a
vital preliminary, though they do not have to aim too high. Indeed
the first essential is just to take a concrete, not overcomplicated,
look at the market concerned, product by product and try in this way
to arrive at some very simple elasticities or observations. The
analyst can then hope to understand what really happens in the case
of a particular product, and possibly see how modal split is
determined in practice in relation to distance covered, weight to be
transported, etc., and over what ranges the different modes compete
for a given product.

146



Similarly, an in-depth examination of carriers' production-and
cost-functions and the way to allow for them when constructing
forecasting instruments could probably improve our understanding of
the transport phenomena finally observed.

In addition, the transport sector is not hermetically sealed; it
cannot be analysed in isolation but has to be seen in the context of
the economic exchanges of which it is a reflection. This stresses
the need for a better understanding of transport and for a fine
analysis of economic-structures-and-behaviours, changes in which can

have very significant repercussions on the demand for passenger and
freight transport. :

The preceding arguments show clearly that the model must not be
an end in itself. 1Indeed, planning processes need to be modified by
enlarging the universe studied by the analyst, not limiting planning
solely to models representing only part of a broader evaluation

process comprising at least three phases:

- definition of the objectives and the instruments to be used at
the policy level - careful examination of this point is a
prerequisite for any study;

- definition of the structural relationships between the
objectives and the means by which they can be achieved;

- determination of the best path to follow.

It is thus important to incorporate the forecasts in a broader
decision-making process. This is why the preliminary analysis phase
should also study the decision-making processes because a proper

understanding of these is essential for results to be reliable. To
this end, it would be useful to study how they actually worked in the
past and to bring out the way in which such and such a decision was
actually arrived at.

All these observations about the different factors which need
particular analysis prior to any attempt at modelling directly raise
the question of the relationships to take into account when ‘
constructing models, i.e. the difficulties associated with the actual
specification of the model.

2.2. lmproving model-specifications

A. The technical reason why the planner is recommended to give
particular. attention to the specification of models, i.e. the nature
of the relationships they include, is so as not to overlook any of
-the factors likely to exercise an influence on the results of the
forecasts these instruments are to be used to make.

- A first example applies to transport policy factors. As

pointed out above, transport demand generation models are one
of the aids or instruments playing a role in a complex and
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interactive decision-making process; the forecasts therefore
need to be incorporated in this broader process and this
requires interactive forecasting, the use of scenarios by no
means doing away with the need for such interactivity. For
this reason, it is necessary for the models to be built in
such a way as to include the variables on which the decisions
are to be based and in particular the instruments through
which the authorities take action, often known as
"instrumental variables". Infrastructures and tariffs - not
only from the cost aspect but also in terms of journey

time - are examples of transport policy levers prompting
reaction on the part of users and carriers which in turn
causes the authorities to introduce new measures.
Consideration of user or consumer reaction to decisions that
relate to tranﬁport policy (creation. of infrastructures,
etc.), or affect supply, is necessary for all -models including
those in the form of scenarios. This will bring out the
difference between these models and the "passive" forecasting
models, unfortunately all too often used in the past, which,
because they forecast traffic flows independently of decisions
affecting the market, are in fact illogical and of little
help. Estimating demand without at the same time considering
the effects of possible measures is assuredly a pointless
exercise.

The same applies. to other variables, generally known as supply
variables, to which users on the transport market react. It
is impossible to model transport demand without at the same
time studying supply: infrastructures, operating methods used
by transport firms, etc. Air traffic estimates, for example,
will clearly be affected by companies' decisions about
additional routes.

The inclusion of supply variables is particularly necessary in
the case of freight transport which will be studied here in a
little more detail to make the point. Clearly it would be
advantageous for freight movement forecasts to have variables
in the models relating to types of market, production and
distribution because these structural data are not without
effect on modal split. A production organisation based on the
co-operative system will influence modal choice. Similarly,
when drawing up the specification of a model it is necessary
to take into account the logistic policy into which any firm's
transport strategy fits. Allowing for supply variables is
admittedly difficult. In particular, there is the problem of
gaps in freight transport statistics. Furthermore, when the
modelling experts want to build spatial aspects into their
forecasts, space variable/type of product cross-tabulation
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B.
need

proves very difficult and in any case gives no really
significant results. The fact is that, because of its very
complexity, the economic logic of the generation function at
regional level is frequently difficult to establish; according
to region and product the explanatory variables may be very
different and there is no general logic from which a global
model can be derived.

This difficulty of the satisfactory inclusion of supply
variables in forecasting models explains why:

- the demand approach has been preferred in the past because
the analysts hoped it would yield some indications as to
modal split. 1t has to be admitted, however, that such a
method cannot but fail because the problem of strategic
variables cannot be satisfactorily treated with this type of
approach; .

- in.the case of certain products, priority has been switched
from models to more empirical market approaches based on
surveys. On the basis of such one-off analyses, it has been
possible to bring the technical substitution phenomena into
clearer focus and, as a function of firms' policies, to draw
certain conclusions as to modal split.

The contribution of such analyses is not denied and one of the
problems facing forecasters is certainly how to incorporate the
results of these concrete approaches, which constitute a useful
preliminary to the modelling exercise, into their models.
However, the inadequacy and purely preliminary nature of such
approaches is obvious and therefore, despite the difficulties
encountered, model builders will have to make an effort to
improve the specification of their instruments so that they
embrace not only supply and demand but also the processes by
which equilibrium between supply and demand is achieved in order
to introduce a dyﬁamic perspective into their work.

During the actual construction of models, two particular points
to be borne in mind as they can make substantial improvements:

- As in energy studies, and unlike past practice characterised
by a marked tendency to use static models for transport, the
distinction between the short and the long term should be

clearly made in specifications for transport demand
forecasting instruments. There are in fact very few markets
which regain equilibrium immediately - certainly not in the
transport field. From this standpoint, some of the transport
demand modelling equations currently employed therefore need
careful reappraisal, otherwise in the absence of any dynamic
perspective there is considerable risk - and the past offers
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ample evidence - of seeing, for example, such mistatements as
the conclusion that the price or cost instrument is not very
effective in transport policy. Taking short-term elasticities
as a basis for decisions which will have long-term ’
consequences is a real danger. This is particularly true in
the case of commuter travel which is very inelastic in the
short term whereas over a longer period there may perfectly
well be a modal switch or a change in the departure and
destination centres. It is therefore necessary to avoid a
purely static specification of the modelling equations which
should include short- and long-term reactions and be based on
dynamic demand functions.

- Many sources of information are left out of present models.
1t would therefore be appropriate to open up-traditional

transport demand-forecasting instruments and to include the

results of the very detailed short-term or ad hoc concrete
analyses and surveys mentioned above. 1In this respect it is
useful to look at analogous model methods in the market
research field which have added to the value of traditional
econometric models by the input of '"panel® findings. In
addition, improving the models also implies the correct
incorporation of behaviour, if need be in the form of
scenarios, which cannot be done without establishing a real
dialogue between sociologists and econometricians. Finally,
models must not only be built so as to accept all existing
sources of information, but must also be capable of periodical
up-dating in the light of the latest available data.

The above comments again highlight the absolute necessity for
thorough analysis prior to the actual modelling, which - as must
unfortunately be admitted in the present state of the art - is not
always possible, due to the inability to include all the essential
variables when the model is being specified.

2.3. Need for a-certain degree-of disaggregation

A number of the errors seen in forecasting exercises of the past
spring from insufficient disaggregation in the models uvsed. This
explains in particular the fact that many studies make no reference
either to the structure of the car population, which is nevertheless
a vital factor for correctly estimating road traffic, nor to the
different reasons for travelling even though the logic of business
travel is very different from that of private travel.

Indeed, one of the major difficulties encountered in forecasting
is the multidimensional nature of the variables. 1t is therefore
necessary to determine the appropriate level of aggregation for any

150



forecast and to find out where the mesoeconomic optimum lies in the
construction of models. Incidentally, it should be noted that a
change in the level of the model (e.g. from macro to micro) implies a
change in the variables taken into account, the transfer of macro
variables as they stand to micro models being a major cause of errors.

The optimum level of disaggregation really depends on the
problem concerned and is thus connected with the proposed end-use of
the model. This is why it is essential for the expert to know what
his forecasting instruments are to be used for before he makes them.
This purpose needs to be clearly defined, in particular through an
exchange of views between econometricians and model users during the
preliminary analysis phase. 1t would be ridiculous to envisage a
single model for all transport problems; the need for different
models has to be admitted. This does not mean, however, that the
theory underlying these models should not be the same, but simply
that different levels of disaggregation are necessary according to
"the problem studied.

The freight transport sector, like passenger transport, is
highly diversified. To work, the models used in this field certainly
need some degree of disaggregation since too global an approach hides
the phenomena of substitutability and complementarity essential for a
proper understanding of transport phenomena. Excessive
disaggregation, however, is a trap to be avoided; this type of
.approach, strongly developed in recent years, has not advanced
research on forecasting very much. Exaggeratedly disaggregated
models, whose cost is high in both money and time, are not always
necessary. It is often better to use simpler models which can be
handled more surely. For certain decisions of a fairly global
nature, relatively aggregated models may be sufficient, the total
volume transported being the determinant variable. Despite this
warning against exaggerated segmentation, the fact remains that
because of the very complexity of the phenomena studied, transport
demand generation models should always include, with more or less
detail according to the case, a minimum of disaggregation by sector,
region, motivation, transport mode and social group.

The first reason why a measure of disaggregation in transport
models is necessary is that it is an analytical requirement because
the primary virtue of the segmentation exercise is that it obliges
econometricians to be much more precise as to the explanatory factors
governing demand generation. These factors could not be correctly
read at too high a level of aggregation; they cannot be purely
macro-economic because these are the variablesawith the highest
degree of uncertainty. There is in fact an undeniable correlation
between the danger of injecting exogenous hypotheses and the model's
level of aggregation. A model with too high a level of .aggregation
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includes a large number of variables which are only '"apparent" and a
number of implicit hypotheses which a disaggregated approach is
precisely capable of bringing to the surface. It should also be
noted that it is not at the macro-economic level that determinants of
human choice (sociological, regional, etc.) can be introduced and yet
there can be no questién of neglecting these as influences. In this
connection, significant examples of the difficulties caused by an
aggregated approach are global elasticities which are often
"apparent" (i.e. embracing both diffusion and substitution phenomena)
or by estimates of general urbanisation trends. Finally,
disaggregation in hypotheses helps to counterbalance the subjectivity
of their choice.

While macro-economic (global) forecasts (general trends in car
ownership, say) may have their use in providing a general framework
for local studies, thus avoiding any hiatus between local and
national scales, the models used to this end should, following the
above logic, preferably be based-on a certain breakdown. Transport
flows are derived flows; any decision relating to transport, and
hence in the first place to the resulting traffic, is in fact the
outcome of a series of conditional choices which are difficult to
model but which need to be carefully segregated: car ownership
levels, degree of use, length of trip, etc. 1t is by proceeding in
this fashion that the very important phenomenon of substitution and
its consequences can be studied as well as the relationships between
transport phenomena or decisions and the other factors governing
them: spatial structure, economic organisation, etc. Only in this
way is it possible to bring out geographical movements, the transport
phenomenon finally being spatialised and thus linked with land use
and location of activity models. A certain minimum disaggregation is
also essential on the one hand to study the effect of service quality
and other supply side factors which, as stressed above, have to be
taken into account to make the model operational, and on the other
hand to quantify modifications in behaviour (return to cycling,
walking, etc.) and the evaluation of service frequencies and routes.

The segmentation process is particularly justified in the study
of freight transport which in fact requires a twofold approach:

- The first is from the global standpoint and includes a small
measure of disaggregation by sector so as to bring out the
changes over the past few years in national production
structures, which would be hidden at too high a level of
aggregation. 1In this regard, there is considerable risk of
falling into the error mentioned above of exaggerated
segmentation; it is necessary to know when to stop (a maximum
of 10 to 20 sectors) in order to work with large numbers and
find the sectors that are important. One of the main -
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difficulties encountered by this type of disaggregation is
that the classifications used for transport are different from
those used in industry and are not well suited to the
requirements of the most recently developing sectors. 1In
addition, there is no system of "materials'" accounting between
industries which makes it impossible to construct
inter-industrial input-output tables.

- The above approach is nevertheless insufficient for valid
forecasts; it needs to be supplemented by an approach with the
firm as the starting point because each enterprise's transport
policy is part of an overall logistic policy covering aspects
like inventory, marketing, etc. significantly affecting modal
choice. It is in fact the whole transport chain and the
resulting necessary disaggregation which needs to be taken
account of in the models. It is obvious in this respect that
there is a close relationship between disaggregation problems
and those referred to that are caused by the introduction of
supply variables. This highlights the complexity of modelling
and disaggregation operations in the case of freight
transport, where extremely detailed typologies of market
organisations and logistic structures are required. This
explains why transport modelling is no doubt much more
difficult for freight than for passenger transport.

3. INCORPORATING EXOGENOUS VARIABLES

Economists have always distinguished between endogenous
variables - i.e., those to be forecast, e.g. traffic flows, etc. - and
exogenous variables. Among the lattér, those concerning the
socio-economic environment and those relating to the nature of the
service offered (price and quality of service) are of particular
interest for transport demand projections. It is therefore essential
that they be allowed for in demand generation models.

The eﬁuilibrium between these two types of variable within the
model is very important, however. The fact is that, despite
appearances, a large number of exogenous variables does not make
forecasting any easier and certainly does not make forecasts any more
reliable. All it does really is to displace the problem because
ultimately the analyst has to forecast these variables with all the
risks inherent in this kind of exercise. A model with too many
exogenous variables therefore loses in value.

while including too many exogenous variables is to be avoided,
the fact remains that, as shown by the above considerations relating
to the analysis phase, the transport sector is not self-contained, so
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it has to be placed and studied in its context and any analysis has
to allow for some exogenous variables. This is not without risk as
is shown by the forecast-outturn comparisons of transport models used
during the past two decades.

3.1. Errors- found

A. Errors-in-assumptions

One of the main causes of the errors found in past transport
forecasts lies in the exogenous assumptions introduced into the
models and in particular those concerning trends in the
socio-economic context. Extrapola{ions made in this area during the
past 20 years err on the side of over-optimism, this resulting from
the state of mind of the decision-makers and econometricians of the
time as manifest both in the exogenous assumptions and the
construction of the models.

This optimism was expressed particularly in a virtually
universal tendency to project assumptions of very vigorous economic
growth following the logic of the constant increase in GNP recorded
up to that time. Such a choice necessarily affected evaluations of
household consumption, one of the most important parameters in
transport demand forecaéting models. Similarly, models used up to
the first oil crisis all included an implicit assumption of fuel
price stability. Everybody knows how very different the real
economic and energy situations have turned out and there is no point
in commenting further on this self-evident point.

Thus, while the construction of the models, as shown by the
arguments in Chapter 2 of this report, itself explains some of the
shortcomings found in past forecasting attempts, an examination of
modelling attempts over the past 20 years shows beyond doubt that in
many cases the discrepancy between forecast and outturn was mainly
the fault of the assumptions for exogenous variables. 1t is not
sufficient, however, simply to observe that the assumptions made were
wrong. It is necessary to carry the analysis somewhat further and
find out why such or such an assumption was chosen, because there is
necessarily a certain coherence in these choices and, no doubt, an
underlying logic. Part of the answer to this question is certainly
supplied by the very nature of the studies, their purpose often being
to argue a particular case. '
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B. The risks involved in case-arguing studies

A posteriori examination reveals that the purpose of certain
past studies has really been to argue a case(2). 1t is in fact this
concealed objective which frequently led, particularly in the case of
studies accompanying transport investment projects, to an
overestimation of expected traffic. It unfortunately has to be
admitted that in all investment projects it is in the interest of the
body responsible for forecasts to choose among all plausible
assumptions those most consistent  with the project they wish to
implement.

This observation does not imply, however, that it is the model
itself which is at fault but it does highlight the risk of error
implicit in the planner/decision-maker relationship and in the
institutional environment surrounding the model. Nor is this danger
surprising because no model can be any more than one representation
of reality. 1t therefore seems difficult to prevent a measure of
subjectivity in the choice of assumptions. It needs to be limited,
however, and at very least be brought out into the open.

Finally, it turns out to be fairly easy to trace certain errors
recorded in past forecasting exercises back to the inappropriate and
over-subjective manner in which exogenous vari;bles were taken into
account. Because of the very scale of the errors there can hardly be
any argument about them. It is, on the other hand, much more
difficult to derive any indication from the analysis of past
transport planning about how to improve the process of incorporating
exogenous variables into the model in future. This exercise is
essential however. Because of the scale of the errors which have
resulted from incorrect integration of exogenous data into the models
in the past, those concerned with designing or using these
forecasting instruments in the transport sector must make every
endeavour in this direction.

C. Possible improvements

In order to remedy the major source of error implicit in the
inclusion of exogenous variables in transport demand forecasting
models, two main lines of research merit particular attention.

a) Better knowledge -of the variables

Transport demand is not an isolated but a derived phenomenon
which has to be seen in the reality of the economic interrelations
which it reflects. Perfect integration of the hypotheses determining
the main transport flows is therefore necessary, and this has not

2) Cf. GRETU: "Une étude économique a montré..., Mythes-et -réalités
des études de transport™, Editions Cujas, Paris, 1980.
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always been the case in the past, far from it. Through lack of
satisfactory knowledge of exogenous variables, many sectoral models
have been inadequately and incorrectly supplied with general
hypotheses relating to macro-economic data and future possibilities.

In conjunction with the preliminary analysis phase, the
necessity for which was stressed above, it is therefore important to
work towards a better knowledge of exogenous variables. Here great
care needs to be taken to ensure that macro-economic hypotheses
(general trends, increases in income, sectoral trends, etc.) should
exactly tally with the latest information from the organisations
responsible for this type of projection (planning bureaux,
international organisations, etc.). Clearly any over or
underestimate here will inevitably affect specific forecasts in the
field of transport. The uncertainties inherent in '"unsettled"
periods, such as’'the present time, will of course affect the degree
of reliability of traffic flow forecasts, but the precise
determination and explicit indication of that degree of reliability
should incline decision-makers towards cautious and flexible policies.

In this seeking of better knowledge of exogenous variables, it
would be useful to give particular attention to population forecasts
which play a vital role in the projections particularly because they
have a Very important effect on space use, which cannot as such be
included as an exogenous variable in the models. Demographic data
are therefore valuable indi;afors whose quality requires constant
monitoring.

b) Conditional forecasts

Whilst, as pointed out in the discussion of model structures, it
is necessary to shift from passive forecasting to an interactive
approach, it is also necessary to avoid non-objective forecasting
methods that give results in the form of a single figure. 1In this
respect, conditional approaches based on scenarios and projections on
the basis of clearly-defined assumptions are no doubt well worth
developing. They lessen the risk inherent in the introduction of
assumptions concerning exogenous variables and in the institutional
environment which tends to transform studies into mere
justifications. Nevertheless, the somewhat over-hasty enthusiasm
recently generated among forecasting specialists by this type of
approach needs to be tempered somewhat by a prelimihary warning:
conditional forecasts have certain limits which, if not properly
understood, are bound to give rise to vain hopes.

- The fact is that the scenario approach cannot be regarded as a
miracle cure to solve all the problems of including exogenous
variables. '
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First, there is a considerable danger when using multiple
projections of arriving at results which have too broad a
range and too extensive a choice of scenarios which are little
use to decision-makers. With forecasting-exercises of this
kind, the outcome is likely to be a sad lack of real
synthesis; in addition, having numerous sets of assumptions
can only send up the bill.

Even with scenarios, the risk of a case-arguing study is by no
means eliminated. Faced with a broad range of possible
‘situations and results, decision-makers will always try to
find out which, according to.the author of the scenarios, is
the most desirable and most plausible. It is never really
possible to prevent this kind of technical advisor from having
his own point of view, which once again points out the
importance, even with modelling in the form of scenarios, of
choosing people responsible for making the forecasts who are
and can remain independent. ‘

Nor does the probability approach seem capable of answering
the decision-maker's problem of selecting among different
scenarios. Great caution is necessary on the technical level
with regard to the introduction of probabilities into the
likelihood of the different scenarios and indeed in any work
in the field of maximum probability. 1In any probability model
there is in fact a whole set of hypotheses (usuvally seven or
eight) and for each probability stated there is a probability
that ... etc. But none of these probabilistic hypotheses is
capable of being economically verified because the samples on
which they work are unique in time. The hypothesis of
normality, in particular, seems very rarely capable of
verification. It is therefore necessary in this area to avoid
being over-optimistic about the econometric results. By
applying scientific methods to non-verifiable data there is a
considerable risk of merely stepping out of one illusion into
another.

Despite these undeniable limits, the scenario approach, to the
extent that it is not passive but interactive (i.e. really
translates states of the world), presents obvious advantages
. favouring the development of conditional models.

Models necessarily involve some degree of uncertainty and
risk. The uncertainty is due to the stochastic elements
inherent in any econometric model, the risk is due to the
hazards involved in forecasting purely exogenous variables.

To improve the quality of the projections, these two factors
need to be made explicit, being estimated and brought to the
fore in the presentation of the calculated results. In this
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context, one of the advantages of the scenario approach is
that it gives decision-makers a means of assessing the degree
of uncertainty and risk associated with the economic and
social benefits of the projects envisaged. Scenarios enable
the realm of the possible to be distinguished and its limits
and frontiers drawn, so to speak. They bring the policy-maker
face to face with his responsibilities. Thanks to scenarios,
the decision-maker can get some idea of the scope of the
different measures and their consequences, which is extremely
valuable for taking policy decisions. 1In addition, scenarios
constitute an effective instrument for improving and
clarifying relations between those commissioning the studies
and those constructing the models. It should be possible
through them to establish an iterative relationship between
technical advisors and decision-makers in order to arrive at
hypotheses which actually do determine the results and pose a
real problem because, in the final analysis, it is the
policy-maker who has to commit himself on these hypotheses.

As already pointed out, it is certainly necessary to avoid
being over-optimistic. Despite the undeniable contribution of
the conditional forecast technique, the difficulties inherent
in making a choice between different scenarios remain and
there is still a real risk of a case-arguing study. On the
other hand, however, there is no need to go to the other
extreme and paint a blacker picture than necessary. Firstly,
in many cases some of the'possible variants may reasonably
appear more likely than others. Secondly, it must not be
forgotten that in periods as unsettled as the present it is no
doubt necessary above all to choose among all possible
variants the "flexibility scenario'" and hence favour scenarios
based on successive decisions. Investment in the transport
sector runs into particplarly large amounts and it is clearly
very desirable to be able to halt implementation without too
drastic consequences. In a world characterised by great
uncertainty, the criterion of reversibility is bound to weigh
heavily with policy-makers. Thus the very weight of this
criterion may quite naturally provide an answer to the tricky
question of choosing between the different scenarios implicit
in the conditional approach to forecasting.

An excellent way to appraise uncertainty and risk and to develop

a scenario approach of real relevance to decision-makers, would

appear to be to follow in the path already taken by certain United

Kingdom studies(3)}, i.e. to carry out-a-detailed-post4mortem-on<the-

3) Mackinder, 1.H.: op: cit.
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transport -models which flourished in the sixties and seventies.
Researchers now have available a veritable data bank of transport

studies and a systematic forecast/outturn comparison would certainly
be most instructive. Those responsible for constructing and
presenting models would learn volumes from such an exercise,
particularly as regards the origins and relative importance of the
forecasting errors made in the past. This exercise would make it
possible to find the assumptions made at the time and the results
they led to, and to define the climate in which choices were made.
Very useful lessons could no doubt be learned from this kind of
historical analysis and could help improve the incorporation of
variables affecting transport flows in future models.

An additional consideration argues in favour of the systematic
study of previous forecasting and modelling exercises in the
transport sector. AS pointed out, a substantial proportion of the
shortcomings noted in the use of these models is explained by
unexpected changes in the socio-economic environment and their
unfortunate results both as regard exogenous variables and the
structure of the model itself. 1In view of this failure, one attitude
might be to write off forecasting altogether. It would appear more
effective, however, to react on the basis of the simple observation
that in the statistical data there is now more ''variance' and less
"colinearity" because of the present crisis situation where certain
developments are no longer in the line of the trend. The fact is
that this offers an opportunity which should be seized and which
should bring some advance in knowledge because it is no doubt easier
now to distinguish between the two main types of error .connected with
the logic of the model itself (inclusion of incorrect implicit
assumptions) and with the introduced assumptions (exogenous
variables) and, for example, to resolve the difficult problem of
apparent elasticities. Analysts now find themselves, in fact, in
circumstances identical to those of 1929, characterised by greater
variance. Analysts at that time took advantage of the opportunity
and modern econometrics was born. As in the great crisis of the war
period, the situation of the eighties, as a result of the breaks in
the trend lines, constitutes a challenge to the understanding of
phenomena and seems in its turn a period favouring substantial

progress in economics and econometrics.

4. CONCLUSIONS
The aim of this document was to make an assessment of the

attempts made since the early sixties to model passenger and freight
transport demand. As the expected traffic flows did not in the
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majority of cases materialise it has to be recognised that results
are disappointing if the models are considered as forecasting
instruments. Faced with such a negative assessment, it is reasonable
to ask whether it will ever be possible in the field of transport
demand to undertake anything other than fairly mechanical forecasts
for concrete and marginal phenomena coming under the heading of
"traffic engineering". It may in fact be asked whether it is
possible to make projections taking into account the complete
socio-economic environment as required for accurate forecast of
demand in the transport sector. The difficulty in this respect stems
mainly from the fact that transport demand is derived from a number
of phenomena that develop upstream and hence are difficult to record
and even mor difficult to forecast; an accurate projection of
transport demand means analysing extremely complex behavioural
.relations and solving a great many simultaneous equations virtually
impossible to handle.

Despite the failure of models as regards forecasting and the
weaknesses of the probability approach when applied to time series,
the analyst should not fall victim to over-pessimism. In the first
place, two paths are still open to those who want to forecast the
future:

- more "heuristic" research approaches upstream of modelling
such as those concerning mobility; these in fact stem directly
from the criticisms levelled at models;

- data analyses, the direct exploration of the data leading to
excellent and frequently counter-intuitive results, something
that cannot be done through the modelling approach.

Secondly, the lack of success of modelling as a forecasting
technique does not mean for all that that models are without
interest. 1In the past there has been a tendency to overemphasize the
forecasting dimension of the models and to neglect their analytical
character, whereas they are of incontestable didactic and pedagogic
value. Even though they founder on the basic problem of measuring
long-term elasticities which are as yet very poorly understood, there
generally being some confusion between short- and long-term
elasticities, the models are nevertheless of obvious interest as an
explanatory ~tool because they oblige the researcher to synthesise the

different components of a process. While no miracles are to be
expected on the forecasting level, models prove very useful for
analysis because they impose axcertain discipline making it possible
to identify the relative weights of the demand-determining factors
and to understand the phenomena underlying the creation of this
demand. This does not mean, however, that the use of models should
be limited to mere intellectual comprehension exercises. Through
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their analytical contribution and their explanatory value,
well-constructed models should also make it possible to measure the
impact of the different variables, showing decision-makers the likely
consequences of the measures envisaged and determining the
probability of attaining a certain financial objective, thus making
the risks explicit for the policy-maker and facilitating the choice
between probable scenarios.

Using models has the other advantage of promoting a certain
"integrity" in the use of statistics. One of the most positive
aspects of modelling is no doubt that this approach means that the
statistics have to be as homogeneous as possible which leads in the
long run to the need for data banks of coherent time series. Efforts
to improve the effectiveness of models inevitably lead to proposals
to improve statistics in order to reduce residual variances. There
is in fact the risk of introducing very marked bias, at least
comparable with that resulting from sampling procedures, at the data
level and in this respect the quality of statistics relating to
freight transport is an undeniable problem because they are all too
often manipulated by pressure groups. Models can be no better than
the statistics they use and for this very reason the reliability of
these inputs must be given particular attention.

The big advantage of models is thus to rationalise thought, but
by their nature such instruments simplify and it is therefore
necessary to bear constantly in mind the field of reality not covered
by such a representation., While it is necessary to have reliable
data to understand the field properly, the data do not come solely
from the statistical field, which immediately poses the question of
the surveys needed to identify attitudes, choices, etc. 1In the
present state, however, these surveys are not carried out in a
satisfactory manner. Obtaining better results from modelling in the
future means thinking not only about the methodology of the models
themselves but also about ways in which to improve the surveys aimed
at capturing actual behaviour. ’

Finally, models turn out to be the essential framework for
integration, firstly in the case of knowledge of certain reactions on
the transport market and secondly in the organisation of statistical
information. Examination of the past performance of models shows
that it is no good asking them to produce more than they were really
designed for. Contrary to an ideal all too prevalent during the last
two decades, models must neither be considered as a prerequisite nor
serve to establish ex abrupto forecasts. It is necessary to
integrate them into broader decision-making processes and to use them
in particular as an instrument for achieving coherence, showing,
among other things, whether the objectives in view are realisable at
the simple level of accounting balances.
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To fulfil this role properly, models can no longer be passive,
and this first of all requires active treatment of the variables in
the different scenarios. Models should be transparent, logically
constructed and simple enough to allow them to be fully understood.
In this respect it is essential that their structure be explained as
clearly as possible and above all that however complex they may be
the logic should remain fairly simple as it is mainly on this factor
that decision-makers will judge them; the policy-maker in fact needs
to know not the detail of the calculations but the internal logic on
which he will base his decision. To make the models more operationél
it is therefore essential to demonstrate the coherence and internal
logic of these instruments and show how they compare with the facts;
that is how to prove their validity.

5. SUMMARY

The main lessons which can be drawn from a close examination of
past attempts at modelling transport demand can be summarised as
follows:

1. Transport demand generation models are in fact aids in a complex
and interactive decision-making process. For this reason they
need to include all the variables on which these decisions have
to be based. This applies to infrastructure and tariffs which
are the transport policy instruments to which demand reacts.
Including them in models should enable these models to be
contrasted with purely *"passive" forecasting models which are
illogical precisely for this reason. 4

2. Models necessarily involve a certain degree of uncertainty and
risk; the uncertainty is due to the stochastic elements inherent
in any econometric model, the risk is due to the hazards
involved in forecasting the exogenous variables. These two
factors need to be estimated and incorporated in the
presentation of the calculated results. In this context, one of
the advantages of the scenario approach is that it gives
decision-makers the means of asséssing the degree of uncertainty
and risk associated with the economic and social benefits of the
projects envisaged.

3. An excellent way to appreciate uncertainty and risk is to strip
down the transport models which flourished in ghe sixties and
seventies. Those responsible for constructing and presenting
models learn volumes from such an exercise, particularly as
regards the origins and relative importance of the forecasting
errors made in the past. '
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Models always include a certain degree of disaggregation by
sector, region, motive and transport mode. Below a certain
level, disaggregation necessitates more precision in the
explanatory factors which cannot be purely macro-economic as
they are precisely the variables where the uncertainty is
greatest. In addition, it is not at the macro-economic level
that factors of personal choice (sociological, regional, etc.)
can be introduced and these cannot be neglected as influences.
Disaggregation in assumptions can help to counteract
subjectivity of choice.

Given the high technical content of models, particular attention
should be paid to their specification, i.e. to the nature of the
relationships they include. This applies to the transport
policy elements mentioned above; it also applies to other
variables to which users react, generally known as "supply
variables". In this respect the model should provide a
framework into which all the available analytical elements can
be fitted; not only should a model incorporate them wherever
possible but it should be interpreted in their light. It thus
becomes an excellent instrument for organising statistical

information.

wWhile macro-economic projections may have their uses (funds
available, general trends in car-ownership, etc.) models should
preferably be based on a certain level of breakdown. Traffic is
in fact the outcome of a series of conditional choices which
should be carefully isolated: cars/head of population rates,
utilisation rates, trip lengths, etc. The substitutions that
are so important and geographical movements are studied at this
level, since "transport" is, at bottom, a spatial phenomenon'and
thus linked with land-use and location of activity models. It
is also at this level that other factors operate, such as
quality of service and other demand-side factors as well as
modifications in behaviour (reversion to cycling, walking, etc.)
and the evaluation of service frequencies and routes.

Market organisation is a very important point which has to be
fitped'into models. The fact is that there are many .
similarities between the passenger and freight transport
markets, but the latter are more characterised by organisational
structures which are not perfectly competitive. The results
observed are not the sum of unorganised decisions but stem from
strategies which can themselves be variable over time. Hence
the necessity in the case of freight transport, and for
passenger transport as well incidentally, for a prior analysis
of the demand sector. The inclusion of studies of carriers'
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11,

production and cost functions will probably improve
understanding of the '"transport" phenomenon as finally observed.

A distinction needs to be made in the models between the long
and the short term. 1In the past there has been too much
inclination to use static models for transport studies. In this
connection it would appear essential to recast certain equations
in transport demand models, otherwise there is a considerable
risk, for example, of wrongly concluding that the price or cost
instrument is ineffective. '

Very many sources of information are available, but they are
badly incorporated in models. Models should contain access
points where such information can be introduced. Traditional
transport models in particular need opening up so that, when
used, the results of detailed analyses and surveys of intentions
or short-term improvements can be entered. It would be helpful
in this regard to look at analogous model methods in the market
research field since these are adding to the value of
traditional econometric models by the inﬁut of "panel"

findings. Transport models need to be constructed in such a way
that they can digest all new information and be reassessed
periodically in the light of the available data.

Another necessity is the accurate integration into transport
models of the hypotheses determining major traffic flows. Here
great care needs to be taken to ensure that macro-economic
hypotheses (general trends, increases in income, sectoral
trends, etc.) should exactly tally. with the latest information
from the organisations responsible for this type of projection
(planning bureaux and international organisations). Clearly any
over- or under-estimation here will inevitably affect specific
forecasts in the field of transport. The uncertainties inherent
in "unsettled" periods, such as the present, will of course
affect the degree of reliability of traffic flow forecasts, but
its explicit indication ought to incline the decision-makers.
towards cautious and flexible policies.

Finally, transport demand forecasting models should be
transparent and logical in their construction. Their structure
should be clearly explained. Even when'complex, they should
still display a fairly simple logic and it is on this that
policy-makers will judge them. The planner in fact needs to
know not the calculations but the internal logic on which he
will base his decision. It is therefore important to
demonstrate the coherence and internal logic of models and to
show how they compare with the facts; that is how to prove their
operatfonal validity.
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