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transportation. For a system moving on foot the area reachable in that
daily routine is a circle of around 5 km diameter which makes about 20
km?. Examining the size of village territories in Greece, not yet affected
by modern technologies of transport we find a mean territorial size of

about 22 km? (some of which inaccessible mountains) (Fig.20).

As we said, old cities, as measured by their external walls, never ex-
ceeded 5 km, The 5 km diameter can still be identified in modern Paris
through a sharp bend in the fractal distribution of subway stations (Fig.21
and Fig.22).

For people having access to cars their territory for daily routines ex-
tends over a diameter of about 40 km or about 1200 km?, about 60 times

that of the greek villages (Fig.23).

Trips outside these territories are rare. Consequently, long-range trans-
port systems pick only a relatively small fraction of the total movement
and can be installed profitably only along certain corridors where these
trips tend to concentrate. The corridors of intense traffic have an ex-
traordinary historical stability. The main overland routes of the Middle
Ages radiating across Europe from the Flemish port of Antwerp, have a

familiar look in terms of present rail and autoroute trunk lines (Fig.24).

The number of trips outside the base territory are reported in Fig.5 for
a number of European towns. The table of Fig.25 reports one-way trips
per year. Looking at the numbers in the table we see the great stability
of the system. The trips per person per day inside the base territory are
usually 6 to 8 (one way!), and the trips outside the base t/erritory are

about the same, but per year.

The table of Fig.6 also gives the share between the purpose of the trips,



business, holidays, and short-term displacements for personal reasons.
The numbers in the table are dated, as they refer to surveys done in
1970, but we could not find more recent figures with the same analytical
detail and clarity. In any case, trip rates are more stable than distances
traveled which depend on the speed of the transport modes. Just to give
an example, the trips per head in Germany using airplanes are around
one per year. l.e., Germans, on average, take an airpl;ane for a journey
once every two years. For Disseldorf in this table the trip rate is 0.7, not

far from the mean value for Germany as a whole today.

Looking at the shares of the trips between the three main modes of
transport, car, train, and air, we can make some observations that can
be of weight in the planning or in the operation of TGV trains. One
is that the property of cars is not necessarily a disincentive for using
trains. Toulouse with 70% of households having cars, has 0.8 trips on
trains and Geneva with 65% of the families owning cars has 1.8 trips,
while Valencia with 47% of the families with cars has only 0.3 trips on
trains. The interpretation that come first to mind is the quality of the
services that the railway system offers and certainly the Swiss Railways
are way apart from the Spanish ones. Just to give a historical glimpse into
the years of the past, when American railways reached their maximum
penetration as a means of transport, before the appearance of the car,
the trips per person per year were just one, as for airplanes today in
Germany. The trips inside the base territory were again six or seven per

day as at present.

We repeat here what has been said extensively before, that the fat

market for a transport system offering a qualitatively new service is that



of the base territory, and the best way to compete is to help extend it,
just as the car has very successfully done during the last 70 years. Taking
a mean of the trips for the cities listed in Fig.25, we find that about 25%
are for business, 25% for holidays, and 50% are short trips for personal
purposes (shopping, visiting, medical, etc.). The procedure of mediating
over a restricted number of cities may appear rudimentary, but as we have
observed at various points in our analysis, traveling behavior appears
extremely homogeneous over the world and is basically determined by
the physical constraints of (TTB) (TMB). The key ratio is the cost of
speed/income. Coming to our business travel, it is the peach of travel
operators as it is well distributed over the year and wealthy. It is easy to
observe on European airplanes, which charge a one-month worker’s salary
for any destination, that the larger part of the passengers are male and
traveling for business. On the other hand, companies are usually well
equipped with chauffeured, fast, comfortable, and representative cars.
Consequently, the natural tendency is to move by car, as far as possible.
Fig.26 reporting the modal split for business trips shows that the car
is dominant up to a distance of about 500 km. Beyond that distance,
airplanes dominate. Trains squeeze in between and at about 500 km they
share one third of the traffic. This is remarkable as trains and cars do
not offer much speed. The case of train speed is shown in F 1g.27 for
a system with a good image, at least technically, the Deutsche Bahnen
(DB). It takes into account only intercity, i.e., long-distance trains. The
center of the bar chart is at about 65 km/h, measured in terms of the
geographical distance between terminal points. This means a 500 km trip

takes between 5 and 10 hours, which implies an overnight stay at the end



point.

This is contrary to what we normally observe in company-related busi-
ness travel where people normally try to conclude their trip the same day

which makes airplanes so convenient.

The observation can be important for planning train schedules because
it points to the existence of various classes of business travelers, some of
which more adaptable to long hours of traveling (the ones going to stay)
which will be in any case the prerogative of train transport. Airplanes
can practically link any two points in Europe in less than a couples of

hours. When available, they represent an unbeatable means of transport.

Let us now turn to the wildest side of transport demand, that for
holidays. Every year western people are caught by a migratory impulse
and move to another place for a while, as far away as possible. The stone
age mechanisms behind this yearly very long journey may constitute a
good subject for an anthropological study. (It must be the search for
new grazing grounds as the dancing bee behavior of returning voyagers
suggests.) But we will concentrate on its impact on the transportation
system. Numerically the trips are in the same ballpark as business trips,
and tendentially longer. The trip being the objective in itself and the
return home displaced in time, speed may not be so important and trains
have a strong appeal. On the other hand, train schedules are highly
inflexible and vacationists schedules very strongly pulsed along the year,

so there is here, a taxonomic mismatch.

Furthermore vacation trips tend to be family affair, better dealt with in
a single package that the use of cars automatically provides. The property

of a car being an essential watershed, let us look at the situation for car



owning families (Fig.28). Here the car dominates the scene for trips up to
1000 km, where it begins to yield to airplanes. Trains have a maximum
share around 1000 km again, where they reach 30% of the passengers and
buses have a maximum of around 800 km with a remarkable 20% share,

probably because they provide a self-contained package, like cars.

Airlines and holiday operators have matched the pulsed character and
low cost of the demand by separating their services from those of sched-

uled airlines through charter operations.

If the family does not own a car - a situation becoming more and more
improbable in the west in general and in Europe in particular - then the
picture is as shown in Fig.29. We see here trains dominating up to 1000

km and air transport beyond that.

We took personal short trips as the last item both because it car-
ries the largest chunk of trips (50%) and because railways of improved

characteristic can reclute here the largest number of clients.

Short-stay personal trips for car-owning households appear dominated
by cars for distances up to 1500 km (Fig.30), even more than holiday
trips. The phenomenon is very curious and a detailed investigation is
worthwhile in order to see if faster trains could absorb at least part of
this traffic, providing better services than the car itself. But in a region
with a motor way network, a car can have a mean speed double that of
an intercity train as shown in Fig.27. Above 1000 km the airplane starts
picking shares, with 50% around 1500 km and dominating the rest. These
plane trips are presumably on reduced fares, anyway higher than charter

fares, not to speak about trains.

We end this review of travelers’ behavior by locking at the case of



families not owning a car (Fig.31). Here trains have the upper hand
all over, and airplanes are scarcely used, even for the longest trips. It
seems natural that families without a car should also be short of money,
statistically speaking.

If we come back to Fig.25 we can look again at trips in terms of means
of locomotion. We find then by mediating between the cities that car
trips take about 78% of the total, trains less than 10%, airplanes around
7% and buses 2%. This may appear contradictory with the previous
charts, but it must be clear that these referred to shares of the trips, and
that the car was dominating in short trips. The dominance of the car
in the totals means that most trips are short-distance. This is shown in
Fig.32 for the totality of the trips and for business, holidays, and personal
short-term trips. Not only people travel rarely outside the base territory,
they also do not move very far away. 90% of the total trips are under 200
km. It will be difficult for fast trains to find a juicy niche in this travel

habit context.



Appendix:
The Mathematical Methodology

The mathematics used in this analysis is extremely simple. Because his-
torians may not be familiar with it, we add this note for illustration. The
basic concept that action paradigms diffuse epidemically, is condensed in

the epidemic equation:

/\ dN = aN(N - N)dt

saying that the number of new adopters (dN) during time dt is propor-
tional (@) to the number of actual adopters (V) multiplied by the number
of potential adopters (N — N), where N is the final number of adopters.

The integration of this equation gives

/ N = N/[1 + exp ~(at + b)]

which is the expression of a logistic S-curve well known to epidemologists
and demographers. We apply it to ideas.

In the charts of the present paper the logistic equation is presented in
an intuitively more pregnant form. /N is measured in relative terms as
fraction of N(F = N/N), and the S-curve is “straightened” by plotting
log(F/1 — F) (Fisher-Pry transform).

/ log(F/1 - F) =at+b.

The time constant AT is the time to go from F ~ 0.1 to FF ~ 0.9. It
takes the central part of the process (80%) and the relation between AT
and the a in the equationis AT =4.39/a .

The central date Ty is defined as  b/a .

The final number of adopters N is given as a number in parenthesis.
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