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Chapter 4

BUILDING BRIDGES AND TUNNELS: THE EFFECTS ON THE
EVOLUTION OF TRAFFIC

by Cesare Marchetti*

41. Introduction

A general model for the generation of traffic is described. It is based
on the assumption that a traveler tries to maximize the territory he can
visit and exploit, by properly allocating a travel money budget (TMB)
and a travel time budget (TTB) among available transportation modes
(Zahavi, 1979). On the other hand, the evolution of total traffic, with
constant boundary conditions, is assumed to follow the usual dynamics
of human activities, described by systems of logistics contained in time
boxes of about 55 years or the so-called Kondatiev cycles.

This conceptual frame is applied to a certain number of cases where
boundary conditions have changed because natural barriers have been
overcome by bridges and tunnels, in order to grasp the essential mo-
difications in traffic that follow and their mechanisms.

The results of these analyses have been applied to the case of the
Messina Bridge, in order to evaluate its effects on traffic in different
circumstances. It appears that the greatest potential utility ought to be
found in local traffic. It may also stimulate the development of a linear
metropolis ~ along the contiguous coasts of Calabria e Sicily — with de-
cisive consequences for the structure of human settlements in that region.

The first part of this paper is dedicated to assembling an efficient
model of tratfic generation, including the effects of geographical impe-
diments and their removal. Part II deals with a number of case studies
where the model’s validity is tested. Part III applies the model and ana-
logical experiences to the case of the Messina Bridge, to assess the con-
sequences of different configurations.

* International Institute for Applied Systems Analysis (ITASA}), Laxenburg.
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Part 1 Tur MODELS

4.2. The Territorial Concept of Travel

[n order to forecast, we need some theoretical guidelines, and in the
area of transport many theories compete for that role. Most of them
construct from the grass root and try to interpret, in a quantitative way,
the preferences and utilities of potential travelers.

[ have somewhat arbitrarily chosen a model originally developed by
Zahavi (1979) about 20 years ago, when he was working at the World
Bank: the UMOT (Unified Mechanism of Travel) model. My choice is
based on the affinity of Zahavi’s assumptions with those embodied within
my own systems analyses of social behavior, and the fact that UMOT
requires only objective inputs with no need for local recalibration.

Because UMOT does not depend on the classical assumption of a
Rational Economic Actor, the model has long been opposed by tra-
ditional economists. Nevertheless, UMOT permits forecasting of phy-
sical variables (e.g., pass-km traveled) through a simple maximization
procedure when boundary conditions (such as price and speed of com-
peting transport modes) are changed.

What UMOT essentially asserts is that man is a territorial animal
and, as a consequence, he tries to maximize the territory he can explore
and exploit under certain constraints. The constraints are:

— Travel Time Budget (I'TB) or the mean time traveled per day by
an active adult. Extensive field tests in the USA, Canada, the UK
and Germany have shown that this time budget is remarkably
constant at least in modern Western societies, averaging slightly
more than one hour per day (table 4.1).

— Travel Money Budget (TMB) or the money spent for travel, measu-
red in terms of disposable income available to the traveler in que-
stion. Field tests show that this quantity, expressed in relative terms,
is also constant, amounting to about 13% of disposable income
(table 4.2).

Within these constraints the traveler allocates TTB and TMB among
different transport modes in such a way as to maximize traveled distan-
ce, 1.e., basically the size of his territory

These concepts do not necessarily contradict the idea of free rational
choice. They imndicate that such choices are made inside a context, a
niche, a budget, which the «free» actor fills by a continual search for
opportunities.
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TABLE 4.2. Travel expenditures as percentage of disposable income
in selected countries and urban areas

5. . % Of tOtﬂ.l
e Survey period household expediture

Natonwide:

UsS 1963-1975 13.18 + Q.38

Canada 1961-1974 1314 + 043

UK 1972 11.7

West Germany 1971-1974 11.28 + 0.54

% of Household income in households
With cars Carless

Urban area:

Washington, DC 1968 11.0 4.2
Minneapolis-St. Paul 1970 10.1 34
Nuremberg 1975 11.8 3.5

SourcE: Zahavi, 1979.

The principles of TTB and TMB, with great conceptual parsimony,
organize such complex decisions as the way people choose their resi-
dences along a transportation corridor ending in a center of employ-
ment. Take, for example, the case of Washington, DC (figure 4.1). Be-
cause this figure ncorporates a cross-income analysis, it shows the guin-
tessential role of travel time in the structuring of a human settlement.
The effect of income is shown in figure 4.2.

An important detail is the way people divide their total daily tra-
vel distance into daily trips. Figure 4.3, which also refers o two of
the Washington «corridors», is enlightening: in a given environment
the number of trips is independent of the distance traveled, i.e.,
speed.

Clearly, when people gain speed they use it to travel farther and not
to make more trips. In other words, most individuals treat their terri-
tory the same way, regardless of its size. The important parameter in
the environment that changes the number of trips is the size of the city.
A small aity (10° inhabitants) calls for five or six trips a day, whereas a
large city trims the total to three.
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FIGURE 4.1. Daily travel distance versus daily travel time per traveler,
by residence distance from the aty center, north
and south corridors, Washington, DC (1968)
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FIGURE 4.2. Daily travel distance versus daily travel time per traveler,
by housebold car availability, Nuremberg Region, 1975
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Source: Zahavi, 1981.

Table 4.3 shows that, with some limited variations, the same princi-
ples and numbers are valid around the world — an important point, as
we will use some of the conclusions to deal with our problem, without









































































































