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Mobility has increased enormoudince the early days of the industrial era. Successive industrial
revolutions have brought new, faster and relatively less expensive opportunities for both passengers
and goods. If a contemporary of James Watt (1I/&8B) or George Stephenson (17848) were to
return to Britain today, or to anywhere else in Europe, he would doubtless be astonished by the
incredible mobility that is such an integral part of our activity schedules. His greatest surprise would
not be at the number of our daily journeys (kedw three and four), or even the intensitghe might
say the feverish padeof our activity. Those features already existed in Europe's major capitals, and
Paris traffic jams have been famous for centuries!

The great difference between our journeys actilvity schedules and those of our forebears lies
in the much longer distances we travel. By road, and even more so by rail and air, nowadays we can
cover hundreds or even thousands of miles in a few hours:uliriten mobility is directly affected by
these developments. Where international travel by coach and sailing ship used to take weeks, and
intercontinental journeys sometimes even longer, we now count the time in hours. The transport
revolution has played a major part in the economic history ofasetwo centuries (Niveau and
Crozet, 2000), but it must be emptzasi that the change has been gradual. Over two hundred years
have passed between the stagach and the higbpeed train, the clipper and the jet, during which
technological progress anlet higher speeds it enables have spread relatively slowly. Even with key
technological revolutions like the railways, the automobile and the aeroplane, it took several decades
for them to become available to the population at large.

From this slow percotion of technological progress into the way we live has arisen the idea that
steadily increasing mobility is a structural given of modern society. Further, faster seems to have
become the general rule, to such an extent that even space travel, so Ve ardl toecome more
widely available in the relatively near future. A few very wealthy people have already become the
world's first space tourists.

It is the selfevident nature of this longerm trend towards increased mobility that we wish to
examine inthis report, since a number of factors could well undermine the relatively classic
assumption that past trends will continue into the future.

e The first factor that comes to mind concerns eneetgted and environmental constraints.
Can a world with sewebillion inhabitants, and probably nine or ten billion to come, support a
way of life currently available to only a minority of its people? Will we have enough energy?
Fossil fuels are not inexhaustible. Moreover, and well before they start to giveegumake
a major contribution to greenhouse gas emissions and are used extensively in all forms of
transport.

e Another issue, partly linked to the first, is that of the sustainability of economic growth.
Higher mobility is directly linked to increased puasting power and hence increased GDP.
Aren't there limits to growth, as the Meadows report suggested thirty years ago?

e A third question, that of lifestyles, though related to the other two, deserves particular
consideration. It may be posed in an exaggdriiem by supposing the first two problems to
have been resolved. Even if we have plenty of cheap energy, without any major external
effect, and steadily rising purchasing power, are we and our descendants certain to choose
lifestyles in which mobility inceases continuously? What will mobility actually look like in
thirty to forty years' time?

To answer all these questions, and in so doing to paint a picture olibgr mobility in the
relatively distant future, we shall start by looking back into plast. Understanding the trends of
recent decades is essential to understanding how they could develop and change in the future and
where the turning points or breaks might lie. In the first part, our glance in the mirror will be informed
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by a consideratiorof the macroeconomic dimensions of the coupling of economic growth and
mobility (European Commission White Paper, 2001), not forgetting the microeconomic foundations
that shed light on individual behaviour.

In the second part, we will look at factors tieve so far appeared constant and at the saturation
effects that could call them into question. The scenarios that emerge when the mitigation policies
needed to address enemgyated, environmental and economic constraints are added to these
spontaneousaturation effects are not necessarily a carbon copy of past trends.

1. THE COUPLING OF ECONOMIC GROWTH AND M OBILITY: FROM THE
MACROECONOMIC PROOF TO THE MICROECONOMIC FOUNDATIONS

Many retrospective studies show that the mobility of people (and goodk)sily correlated with
economic growth, giving rise to the idea of coupling between mobility and standard of living.
According to this idea, it is impossible to separate rising standards of living from increasing mobility,
whether at macroeconomic levétat of nations, or microeconomic level, that of individual choices.
By describing the basis for this coupling, we will highlight the key factors of transport demand,
especially passenger demand for intdsan mobility. We will look at the factors firstoin a
macroeconomic standpoint, then from a microeconomic standpoint.

1.1.GDP per capita and transport demand: the "iron law" of coupling

When economists point out that this coupling has been a constant in recent economic history, whatever
the country inquestion, they merely underline the part played by the key factors of economic growth
and speed, i.e. the supply of transport and its technological capabilities in particular. We will begin by
recalling the proof of coupling before showing that anothetofamust immediately be added to the

key factor of economic growth, namely changes to the structure of transport supply.

1.1.1 Coupling between economic growth and mobility: how things stand

After painstaking data collection, Schafer and Victor (2000médly established the direct link
between economic growth and mobility in the chart below (Figure 1). Using GDP per inhabitant in
constant 1985 dollars as a presentational device, they were able to construct a graph in which the first
bisector gives a suniging equivalence between the level of GDP and total annual mobility per capita.
As most countries are located close to the first bisector, or approach it over time (from 1960 to 1990),
one could almost say "Tell me a country's GDP per capita and lelNilfydu the average distance
travelled over a year: one kilometre per dollar of GDP per inhabitant"! As the chart is constructed on a
logarithmic scale, we may directly deduce a distance/GDP elasticity of 1. In other words, a given
percentage of growth iG&DP per capita is matched by an identical percentage of growth in the
distance travelled over a year.



Figure 1i Total mobility in passenger kilometres per year
(Data 1960 1990; Trends 19602050)
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The data were updated in a recent study (Schedfat, 2009), this time including data on personal
mobility until 2005, as showmiFigure 2.
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Figure 2i Total mobility in passenger kilometres per year
(Data 19562005; Trends 20052050)
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A comparison between Figure 1 and Figure 2 shaveslyf that coupling is both real and long
standing. In this version, however, taking into account a calculation of purchasing power parities
based on constant 2000 dollars, the first bisector effect is eroded. It becomes more difficult to deduce
the levelof annual mobility per capita from the level of GDP per inhabitant. Taking a standard of
living of $20000 on thex axis, levels of mobility vary widely, from 1@00 kilometres a year for
industrialised countries in the AsiRacific zone to 2000 kilometes a year for North America. That
makes it more difficult in Figure 2 to establish a target point like the one in Figure 1. Yet that is what
the authors do in Chapter 2 of their book. After emphasising the differences between geographical
zones and the ¢4 that the level of GDP does not wholly explain the level of mobility, they
nonetheless put forward the possibility of a "target point" that could correspond to a distance of
289000 kilometres per person per year (D8O miles a year, or 791 kilometrasday!) and a standard

of living of $289000 (constant 2000). This point at which the various countries would converge is no
aberration from an economic standpoint. Among economic growth theorists, the idea that affluence is
destined to spread on a glolsahle is frequently assumed (R. Solow). Of course, a level of GDP per
inhabitant of nearly $30000 (constant 2000) currently seems extravagant, especially when the world
as a whole and the United States in particular is in the middle of a severe econgimiBut it would

be possible if economic growth ran at 3% a year for 75 years, which would multiply GDP per
inhabitant eightfold, more or less what has happened in the United States over the last 75 years!

This would bring us back to the logic of aligent on the first bisector. However, the authors
emphasie that their world is a hypothetical one that could exist only if the averagd¢addoor speed

for air transport (including travel to the airport and to the final destination) rose from itstdesstn

of 270kilometres per hour to 660 kph, with a transport time budget (TTB) of 1.2 hours a day. The



guestion of speed and time transport budgets is therefore essential to an understanding of past trends
and likely future changes.

1.1.2 The key role 6speed and the transport system

According to the French economist Francois Perroux, economic growth may be defined very simply: it
is the growth of an indicator like GDP coupled with structural changes. But these structural changes
are often neglected ewehough they play a key role in the process of per capita output growth. During
industrialisation, overall productivity rises only because highly productive sectors account for a
relatively greater share of total output. The same applies to mobilitygrabec seen from the chart
below illustrating the situation in the United States in th® @ntury. We can see a steady rise in
personal mobility (+2.7% a year), which tracks the rise in GDP per inhabitant over the same period.
However, if the average dwidistance travelled by an American has risen frokmdin 1880 to nearly

80km today (Schéafer, 2009) it is because fast modes have gradually replaced slow modes, allowing
the average distance travelled by a person in a year to increase twentyfold.

Figure 31 Distance travelled in km per person per day since 1800 in the United States
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The fact that the coupling is constant therefore presupposes lasting structural changestafjiee ave
distance travelled by an American has steadily increased because the automobile has gradually
replaced not just the train but also walking and hdrsevn carriages. The construction of a vast
network of roads then highways has played a centralmdlds development. It is not enough for cars

to be capable of going fast for journey speeds to rise: transport infrastructure also has to be suited to
the capacities of the vehicles that use it.
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From this standpoint of permanent structural change, thévweslobsolescence that hit the railways in

the early 20th century may now be affecting the automobile. In many developed countries, distances
travelled by car are no longer increasing, not because total mobility has decreased but because some
travel has kifted to faster modes like higgpeed trains and aircraft. The growth in the relative share of

air transport, perceptible in Figure 1, has been identified as a structural trend by Ausubel, who
emphasies the potential role of magnetic levitation trairSor if it is necessary to continually
develop the fastest modes, the history of transport could be depicted as a succession of technological
waves. With each new wave, a new transport mode sees its market share increase at the expense of

other, slower mode Then, after reaching a certain level of development, it is itself superseded by
another, faster mode.

Figure 4. Total length of transport infrastructures in the US in market share
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Source Grubler 1990 (an airline serviceconsidered as a transport infrastructure).

Each new transport mode is faster than the previous one and hence increases the total volume of
traffic. The mechanism derives from an implicit assumption that should really be made explicit: the
relative congancy of time budgets devoted to mobility. In order for faster average travelling speeds to
cause total traffic to rise, it must be assumed that at least some of the time savings are reinvested in
additional distance. This hypothesis of the guasistancyof time budgets is familiar, in relation to

daily mobility, as the Zahavi conjecture. Although it does not directly concern the interregional
mobility that is our subject here, we can use the conjecture as an aid to comprehension. We may not

On the potential of air transport and magleee the papers presented at this Symposium respectively
by D. Gillen and by K. Yamaguchi and K. Yamasaki.



yet be abled explain why, but the close link between economic growth and mobility is equivalent to
an assumption that speed gains are reinvested in a trend increase in distance travelled (Crozet, 2005).

From the link between distance travelled and GDP, we can themsfmve on to another link, namely

the one between speed and GDP. If, like Schéfer, we start from the assumption that the total time
budget devoted to transport does not decrease, or could even increase slightly, fromhbuesla2

day, economic growtlshould be accompanied by an increase in the average speed of travel. In the
case of the target point mentioned earlier (@89 kilometres a year for per capita GDP of
USD 289000), Schéafeet al.envisage a speed/GDP elasticity close to 1.

This brings ugo the key macroeconomic relationship for understanding how the coupling became so
entrenched in recent decades and how it could be called into question in the decades to come. How
will the link between average travel speed and GDP evolve in the futuilé?he/ speed/GDP
elasticity gradually decline until a certain uncoupling is achieved or, as has been the case in recent
decades, will it remain close to 1? In order to answer this question we need to introduce new factors
that determine transport demamagluding the cost or price of mobility, at the intersection between
macre and microeconomics.

1.1.3 Price and income effects: from the monetary cost to the generalised cost of transport

The target point mentioned by Schafer and Victor corresponds totah dstance of over
700kilometres per person per day. Although that is already the case for a handful of frequérisfliers

it realistic to suppose that such a lifestyle might become widespread? The question can be asked for
the simple reason that tigport has a cost not only for mobile individuila monetary cost and a time

costi but also for the community, which often has to subsidise infrastructure and in some cases
current operations as well.

As regards the monetary cost, Sch&tal. emphasie the trend decline in transport costs. The cost
per kilometre of rail travel fell from 20 cents to 5 cents (at constant 2000 dollars) between 1882 and
2002. This fourfold reduction in the real cost should be taken in conjunction with the tenfold increase
in per capita GDP over the same period. The experienced cost of mobility has fallen enormously. This
combination of price effect and income effect has been a powerful stimulus to mobility. The same
phenomenon can be seen in Figure 5 which shows, for é&;rtire change in the price of an air ticket
expressed in terms of the number of hours' work needed by a person paid the minimum wage.

2 The writer himself travels about 100,000 kryear,half of it by high-speed trairand a quarter by air

representing nearly 275 km a day for an average transport time budget of about two hours a day.
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Figure 5i Price of air tickets from Paris to various destinations
in hours of minimum wage equivalent (198005)

B Cost of regular Air France flight in hours of minimum wage 1980 (economy class)
h. of

minimum wage
O Cost of a flight, selected among the cheapest, in hours de smic 2005

O Cost of regular Air France flight in hours of minimum wage 2005 (economy class, average of low- and high-season tarifs)

800

734
700
600 -
526
500 +
435
312
400 +
300 259
200 154
120 130 140
123
83 98 100 o 82
100 A a7 48 71 55
0 - T T T T T T
SINGAPORE COLOMBO LIMA MEXICO NEW YORK TUNIS ATHENS

Extract from thesis "Optimisation Spatio-Temporelle des Déplacements Touristiques", V. Bagard, LET 2005.

As we can see, the number of hours' work needed to buy a ticket for a typical flight has decreased
considerably. The most spectacular fall is in an economy class flight to Singapore, which has dropped
from 734 to 120 hours at the minimunage in France. The reduction is lower for Colombo, a less
popular destination for which higland lowseason price differences are still greato much so, in

some cases, as to wipe out the trend decline. It is also instructive to see from this athart th
competitors to Air France exist, offering lower prices and leading to an almost tenfold reduction in the
cost in terms of hours' work of a ticket to Singapore.

What we have here is a powerful factor behind the growth of air transport, especiallylasstavid

for public subsidy than other modes. Most major airports are profitable. To a considerable extent,
airport fees and en route charges cover public expenditure on air transport. The same cannot be said of
rail transport, especially higbpeed wins. The fact that trains require heavy ground infrastructure,
which is not the case with aircraft, is a thorny problem for public finances and one to which we will
return in the second part. If higher speeds require substantial investment in infresstabare is the

money to come from? And to what extent can the cost be passed on to users? Should public transport
subsidies, which are the rule in urban areas, be extended toripéer travel? As we can see, it is not
possible to consider the distanB&P or speed/GDP elasticity without also looking at the question of

the cost, for both users and the public purse (Crozet, 2007).

Alongside the monetary cost, the second component of the generalised cost must also be taken into
account, namely the cost time spent in transport. Taking Schéafer's target point, which may serve
here as an extreme illustration, travelling more than Knd0a day presupposes very higjeed
transport modes. But 660 kph deordoor may well be difficult to achieve. A signifidaimcrease in

the time budget devoted to transport must therefore be envisaged. To lay the basis for a forward
looking consideration of intaurban mobility, we cannot therefore satisfy ourselves with retrospective
correlations between economic growth andbility. We must look for factors that could call past



trends into question, and in order to do that we need a better understanding of what motivates
individual behaviour. Why does affluence cause us to increase our mobility, including perhaps our
transpot time budgets? And what mechanisms could undermine this trend?

1.2.  When time becomes the "scarcest resource": the "iron law" of diminishing marginal
utility

One of the main effects of increased purchasing power is to give us access to a growingofiumber
goods and services. But constantly pushing back the limits of scarcity has not caused the problems of
arbitrage that are at the very heart of economics to go away. Encapsulated for Milton Friedman in the
famous "no free lunch" quip, the principles oforomics do not cease to apply when abundance
prevails. Quite the opposite in fact: the very fact that we have a host of goods and services before us
will oblige us to make choices, and hence to abandon certain options in favour of others. What are the
factors that guide transport demand where Htdgan mobility is concerned?

1.2.1 Intensification of consumption and growth of mobility

Mobility and mobility-related choices present economists with particular problems. The first is linked
to the fact that tmasport is not as a rule sought for itself. Travel demand is derived, a form of joint
consumption that is secondary to the linked activity. People do not generally travel for travel's sake but
in order to do something else. However, calling travel secondapyobably too reductive for an
understanding of transport demand. It would be more accurate to say that travel is subsidiary, insofar
as it brings something more to the activity if only by making it possible. So there is something to be
gained from stuging the demand for travel in itself, taking account among other things of the costs it
generates compared to the utility it procures. This can be regarded in two ways.

e From the traditional microeconomic standpoint of consumer choice, it is customaamwa d
distinction between inferior, normal and superior goods. These categories help to describe the
most commonly observed preferences. As E. Engel then H.H. Gossen showed over a century
ago, when income increases consumption of inferior goods declitdveaeo the other
categories. Symmetrically, the proportion of superior goods in household budgets will
increase. This applies, for example, to spending on healthcare or education, which ultimately
grows faster than income, in contrast with spending amd f which increases much more
slowly. Spending on mobility traditionally lies between these two extremes and tends to fall
into the "normal” category, where consumption rises more or less in line with income. That is
precisely what Schéfer and Victor'saghtells us: reasoning in terms not of a proportion of
income but of distance travelled, demand for mobility, a normal good, should increase at
exactly the same pace as income.

¢ As we have already mentioned, however, this trend poses another problditrafauif, like
G. Becker or S. Linder, we extend the microeconomic reasoning to the scarce resource of
time. If the average rise in speed means that distance travelled can increase in the same way as
income without affecting the transport time budgeg #rbitrage seems straightforward, in
favour of the status quo represented by the constant transport time budget hypothesis. In other
words, as time is a scarce resource whose value increases with income, the time component of
the overall cost of transpodiso increases with income. This cost increase should militate
against a rise in mobility unless it brings utility gains that exceed the cost increase.

We must therefore take a look at the utility gains resulting from increased mobility. To do so, let us
see what S. Linder has to say on the subject. For him, the "leisured class" is not the one described by

Y. Crozet 8 Discussion Paper 2009-14 8 © OECD/ITF, 2009 11



T.Veblen in the early 2D century. Like other peoplé even more so in fadt, the idle rich are
confronted with the need to constantly choose beatvdiféerent options. The relative scarcity of time
compared to the amount of available income is their chief concern. General affluence has extended
this type of problem to a large proportion of the developed world's population, including the working
popuhktion, to the point where time has become the "scarcest resource". As we recalled earlier, average
income increased eighto tenfold during the 20 century, and even more in many industrialised
countries, while life expectancy has risen by only a thsl.consumers, we therefore face de facto
competition between the goods and services made accessible by higher incomes. Yet using many
goods and services takes time. In order to solve this equation, we must achieve a trend increase in the
guantity of goodsand services used per hour available. That in turn means moving towards
increasingly intensive lifestyles.

From this standpoint means of transport, especially fast modes, become a powerful way of intensifying
consumption, not only because transport itseHd service but also because it gives access to a much
wider range of goods and services. The expansion of tourism, especially to exotic destinations, is a
perfect illustration. A few days' holiday by the Mediterranean or even much further afield US£he

or the Maldives, for example, gives our activity schedules an intensity that bears no relation to what
we can get from a visit to cousins in the next village. This leiseleged mobility is based on the same
determinants as business mobility, theasal key component of inteirban mobility. Intensification
processes are at work in both cases and mutually reinforce each other. The intensification of leisure
activity (doing more in less time) becomes the pendant to the intensification of busingssiadts

classic form of higher productivity. The two movements combine to support economic growth, as if to
serve as a reminder that the caasdeffect relation of coupling goes not only from growth to
mobility but also in the other direction.

Taking a look at some indicators of leisure activity, the figures speak for themselves.

e During the 1990s, the "leisure and culture" item in current expenditure rose by 16% in the UK,
13% in the USA, 2% in the Netherlands and 1% in France. Some activitieslo®sely related to
leisure, like theme parks, leisure centres and above all air travel, are expanding rapidly. The same
applies to package tours and all modern forms of a toukigrich implies systematic recourse to
market activities. The most signifidaoutcome is the rise in the number of jobs directly or
indirectly linked to leisure.

e For the vast majority of people, leisure time is not in contradiction with the consumer society.
Although J. Dumazedier was right to point out that leisure was prodycttekrend decline in
working hours, his predictions about the "leisure civilisation" do not appear to have come to pass.
Although working time has fallen on average on the scale of a lifetime, nevertheless we do not feel
that we have more time. On thentary, the abundance of available goods and services and the
growing diversification of possible choices increase the pressure on our time budgets.

e The very notion of a time budget underlines the importance of the economic rationale in our
behaviour. A pHosopher like P. Sansot may sing the praises of slowness and encourage us not to
let ourselves be devoured by the race against time characteristic of modern life, but his book has
been only moderately successful. As Linder predicted, if we are dealimg\isured class it is a
harried one, flitting from one activity to the next thanks to mobility.

e What we can see here is the iron law of diminishing marginal utility, and its cutting edge becomes
sharper as incomes rise. The greater our purchasing ptheefaster the marginal utility of a
given activity diminishes because other competing activities exist, made accessible by the higher
income. Transport is a condition that allows access to these potential activities, especially if the
speed increases atite relative price falls.



So it is not surprising that mobility should increase more or less in line with income, since it is merely
the condition that allows the variety economy to develop (R. Gronau, 1975). We may also note that the
same symmetrical mewnent animates both passengers and goods. If people do not travel to consume
a particular good or service, the good or service comes to the consumer thanks to a mobility that is no
less great than that of travellérgjuite the opposite in fact!

1.2.2 Sped and the optimisation of activity schedules

Greater mobility is thus a logical syivoduct of higher income. Higher speed is a coherent response to
the quest for increasingly varied and intensive consumption. However, intensification in turn imposes
paricular constraints on activity schedules linked to the trend rise in the value of time. When income
rises faster than the amount of time available, the value of time also increases, which means that the
time budget we are willing to devote to each actiistpotentially smaller. Let us take an example. If

you spend four hours a day reading and then buy a television or a computer connected to the internet,
the utility of the screen will be compared with that of reading. The time spent reading may well fall
sharply, as we can see today among children and young people.

The key problem for individuals in today's world is therefore that of time management. Time is a
scarce resource, so how should we allocate it to our various activities? One solution iseftcour
increase the total amount of time available, for example by cutting down on sleep or spending less
time on what we regard as our least interesting activities. Lifestyle surveys tell us that the average
amount of time we spend asleep has decreasatidiyt an hour in less than a century. But, as Linder
predicted, we have also greatly reduced the time we spend looking after our houses and the goods at
our dispozezl. There are so many goods available to us that we are no longer able to devote & lot of tim
to each o

Can this reasoning be applied to transport time? Since time is a scarce resource, couldn't we reduce our
mobility in order to save time and increase the utility of our activities? That is the advice of the
slowness devotee: give time matiene, allow each activity time in which to flourish, don't flit
continually from one activity to another. Even though it may sound sensible, we need to understand
that singing the praises of slowness or duration, like the novelist Milan Kundera, aaltgi@dtion

the central assumption in microeconomics of diminishing marginal utility. That is not something to be
taken lightly, since the opposite reasoning consists in supposing that the marginal utility of an activity
increases, or at least does not diist, with its duration. Is that realistic when the standard of living is
rising? To answer that question it is crucial not to forget that transport demand is derived, a joint
consumption associated with other activities. What is at stake is not primmadiljity per sebut the
growing diversification of activities.

For the time being, what we can see is not a reduction in transport time budgets but a reduction in the
average duration of each of our activities. We do more things, spending less timb.duedte time
devoted to transport does not diminish because maintaining it, together with higher speeds, is the
precondition for the increase in the number of our activities. We will demonstrate the truth of this from
the example of leisure, a powerfattor behind the rise in intewrban mobility.

3 This would explain thegrowingmess in young people's rooms and, increasingly,drdttellings of

young households.
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1.2.3 Rise in the value of time and fall in the average time spent on activities: a powerful factor of
long-distance mobility

Farther, faster, more often, for shorter periods. Those, in a nutshell, drerntie that underlie our

leisure behaviour, as specialists on the subject like J. Gershuny, F. Potier and J. Viard have shown.
People take holidays more often but for shorter periods and travel further. How can we explain this
paradox, this diversificatioaf destinations coupled with a reduction in the length of stays?

The fact that the trend in our leisure behaviour is towards shorter stays, paradoxically with longer
travel distances, is only one aspect of the development of the demand for varietyu(@nzha
Hamermesh, 2001). The distinguishing feature of modern lifestyles, and what makes them more
attractive than previous forms, is the incredible variety of goods and services on offer. But faced with
this variety, our choices result from the simple coration of a few key variables. The income level

and the value of time combine with the speeds offered by different transport modes as shown in
Figure6®. Each axis corresponds to a key variable:

- the south axis represents the level of income

- the west axd represents the value of time

- the east axis represents the average distance travelled
- the north axis represents the length of stay.

4 This figure takes up and amends an analysis put forward 8ydRau (1970) which took account of

the generalised cost of transport (see Annex 2). As we want to emphasize the key issue of scarce time,
we prefer to insist on the avermfpngth of stay and average travelling time.



Figure 61 Key variables for the length of holiday stays
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At the intersection of the axis pairs, each quadrant indicates the typical relations between the variables.

- The southwest quadrant assumes that the value of time increases exponentially with income.
In other words, the richer we are, the scarcer and valuable time becomes.

- The northwest quadrant follows on logically from the previous one. If income and the value
of time both increase, the time budget we devote to each activity (in this case each leisure
trip) will tend to decrease since the comfiati between the range of potential activities will
cause the marginal utility of each activity taken separately to diminish more rapidly.

- The southkeast quadrant shows the average speed offered by each transport mode, represented
here by the average dist& of possible journeys with a given mode. Walking offers few
possibilities at whatever income level. In contrast, rising income progressively gives access to
increasingly expensive but increasingly rapid modes, such as roaespggt rail and air
travd.

- The northeast quadrant shows schematically the outcome of the interaction between the
different variables, giving an average length of stay determined by the level of income, the
value of time and speed (the distance of accessible journeys). Alldtretiaked to a ratio
which reveals that transport time represents a certain part of the total length of stay.

The stylised facts summaed in Figure 6 are typical of the way family holidays used to be in the
1960s or 70s: a car journey for a relativielgg stay (two to three weeks) in the same place. The rise
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in incomes and in the value of time, combined with new, rapid transport modes, would gradually
change this situation, as shown in Figure 7. Access to higher speed was first reflected in aniiincrease
the average distance travelled. Holiday destinations became more and more exotic. But as the increase
in speed went hanith-hand with a rise in the value of time, and hence a reduction in the average
length of stay, the result was not a fall but a iisthe ratio of journey time to total length of stay. At

the risk of departing from the constancy assumption in this ratio (Mokhtarian, 2004), higher speeds
result in the leisure sphere in an increase in transport time as a proportion of the totag o $pe

activity. Given the increased utility drawn from the legigtance journey, a higher transport cost is
accepted and the transport time budget is pushed up. It is one more reason why time scarcity becomes
more acute with the increase in speediandme.

Figure 7i Key variables for the length of holiday stays with access to air travel
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The businessmen and women and academics who read these lines are familiar with what is going on
here. Thanks to the speed of air travel, they will often make a dwthreeday trip from one end of
Europe to the other or from Europe to the United States for a conference, seminar or thesis committee
meeting. The same rationale applies to business (wpsch, let us remember, are included for
statistical purposes in the general category of "tourism") as to family holidays: farther, faster, more
often, for shorter periods. Will the trend continue in the years to come?



2. OUTLOOK FOR INTER -URBAN MOBILIT Y:
SATURATION AND MITIG ATION AT THE SERVICE OF DECOUPLING?

At a time when sustainable development stands at the top of the agenda, not only for governments but
also for business and consumers, there is clearly something to be gained from asking whuwibyer mo
can keep on increasing indefinitely.

One simple answer to the question is sometimes given under the heading of degrowth, or zero growth.
Proponents of this idea consider that coupling is not merely a correlation but a cause. Economic
growth, they egue, lies behind mobility growth. For mobility to be more sustainable, all you have to
do is stop growing (Georges&pegen, 1979)! The reasoning behind such a view may seem seductive
in its simplicity, though it verges on the simplistic: economic histeaghes us that a relation between

two variables is not necessarily linear over a long period. The real interest of the notion of sustainable
development as described in the Brundtland Report lies in the fact that it goes beyond the simplistic
idea that pu have to stop growing in order to solve the problems. Sustainable development does not
reject growth but seeksand this is more difficult to modulate its impacts, as is the case with the
notion of mitigation now used extensively in research intorenmental issues. In the transport
sphere mitigation takes the form of decoupling, which boils down to studying the conditions under
which the relationship between economic growth and personal mobility would no longer be linear. Let
us therefore maintairhé hypothesis of continuing economic growth, even if we are currently in the
middle of a fultblown recession.

The fact that the current economic crisis has cut not only air travel but alsegggt rail and even
motorway travel should not distract usrh the need to take a loigrm view. Even if the recession

were to go on longer than hoped, and even if the recovery were to be slow, resulting in lower long
term trend growth, that does not mean that we should stop thinking about decoupling, if anlsebec
economic growth is continuing in many countries around the world, like China and India, and is
accompanied by strong demand for mobility. Fast transport modes likespéglal rail and air travel

are continuing to expand. Many countries are building high-speed rail links. In the air transport
sector, companies like Ryanair and EasyJet are carrying more and more passengers despite the crisis.

On the supply side, factors that encourage mobility growth will undeniably be present in the coming
years. Bit it is worth recalling and comparing other factors that could impede the continuation of past
trends and even lead to a certain uncoupling of economic growth and mobility.

- First, there is the environmental factor and the commitment to reduce greergasmuse
emissions. One outcome could be tighter restrictions on transport modes that consume the
most fossil fuel, which emits large amounts of ,CO

- Next comes public policy, which is very closely linked. Public policies, in the form of
charging, taxation aregulation, can play an important role, especially by encouraging a shift
towards transport modes that are not only cleaner but also use up less public space. Modal
shift is often sought as a means of reducing the adverse effects of mobility. This widndd no
decoupling per se (i.e. economic growth with no mobility growth) but a relative decoupling
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resulting from a favourable structural effect. The replacement of existing technologies with
new, cleaner technologies would allow for an increase in traffiewbducing the external
effects of transport, especially G@missions. The other question that arises, apart from that
of the transport mode, is the cost of mobility. Higher energy prices together with less
generous subsidies or new taxes, like a cartiagn could encourage a certain degree of
decoupling.

- Changes in individual behaviour will be decisive. Linked to public policy but also as a result
of spontaneous changes in preferences, what can be expected from mobility demand? Can we
look forward to acertain saturation of demand for inteban transport?

We will start in Section 1 by looking at individual behaviour and saturation before describing some
scenarios for mobility in France to 2050. This will generate visions of the future (Section &cn w
saturation and mitigation are combined.

2.1. Decoupling and saturation: moving towards a change in individual preferences?

Taken literally, the phrase "farther, faster, more often, for shorter periods" poses logical problems. As
we have seen, one @ effect of a rise in the number of activities is to reduce the amount of time
spent on each one until it becomes very short. If it also leads to a trend increase in the ratio of transport
time to activity time, it is easy to understand that the questtildly cannot be a permanent quest for
speed and more activities. Would it not be possible, then, to imagine a saturation effect which, by
limiting the number of activities and hence of journeys, would encourage a minimum amount of time
to be spent on eh activity? Such an effect may already be at work in the industrialised world,
especially in Europe, where automobile traffic has barely increased since the early 2000s. Is it the first
sign of uncoupling linked to a saturation of demand for mobility?

2.11 The limits to variety and to the fragmentation of activity schedules

With the effects of the economic crisis, a reduction in business travel has been observed since late
2008. Many firms have sought to cut travel expenses and to replacealistengce tavel with
communications and videmnferencing. Even before the recession started to bite, sociologists like
S.Kesselring had observed a certain "disenchantment" among heavy business travellers. The growing
amount of business travel and the associatetlinaderms of fatigue is starting to become a specific
human resource management problem in firms. In the academic world, we are starting to see thesis
defences in which some committee members participate by videoconference. Likewise, with the
economic dsis, travel agents and tour operators have noticed-affalh demand for travel to exotic
destinations and symmetrically, especially in France, a preference for nearby tourist destinations.

This downturn in demand for lordjstance transport, percdp# in the decline in air traffic, is for the

time being consistent with the stylised situations shown in Figures 6 and 7. Lower income is logically
reflected in a decrease in distance travelled and average journey speed, accompanied by a reduction in
the value of time and a lengthening of stays. In this instance the trends are still driven by coupling,
where economic growth and mobility move together in the same direction, whether up or down. The
question is therefore whether the economic crisis is marelgrenthesis or whether it could herald a
lasting shift in behaviour towards a certain frugality. Could we see in the future both a rise in income
and a saturation of mobility? Figure 8 sketches an initial theoretical answer to that question. As we can
see, the key issue is the value of time and its impact on the trend towards the fragmentation of stays.



Figure 8i Income, speed and the value of time: another relationship between the variables?
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If, as we can see here, the value of time grows not exponentially but rather logarithmically in relation
to income, the relation between value of time and length of stay could take a different form, with the
emergence of the equivalent of a minimum dora The crux of the matter is whether such a
hypothesis is realistic. What could prompt people living in developed countries to reduce mobility
growth and the associated diversification of activities? The answer could well lie in the limits reached
by the fragmentation of activity schedules and the related "zapping". An ageing population could be
one factor that triggers such a trend reversal, though it should not be linked to the diminished physical
capacities of older people. On the contrary, all thdicetors point towards an increase in life
expectancy without disability, and retired people are not those who least use cars, trains or aeroplanes
for long-distance travel.

What we need to envisage with ageing and affluence is rather a certain wisttemusae of time, for
example by questioning the tendency to reduce the average duration of each activity. Consumption
could be intensified not by increasing the number of activities but by giving each one the amount of
time it needs to flourish. As S. Lder has suggested, a wise attitude towards growing affluence does
not only consist in constantly increasing the quantity of goods and services consumed per hour. For
some activities, can we not also seek to preserve a minimum value for the ratio of émgep
quantity of goods or services consumed? The question is worth asking fatistengce travel, where
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transport time most eats into the length of stay. Among those who already have access to it, might we
not see a trend saturation in this type af/é&l?

2.2 Is decoupling of GDP and passenger mobility already taking place?
Where car journeys are concerned, that question can be answered in the affirmative. If the most recent

report from the European Environment Agency is to be believed (EEA Remoid, N2009),
decoupling in relation to passenger mobility in Europe has already started.

Figure 91 GDP and total passenger mobility in Europe
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Figure 9 shows that for passengers, unlike freight, GDP growth is generally significantly higher than
thetrend in overall traffic. The difference between the two confirms the decoupling hypothesis except
in 2002, when coupling occurs. The new situation is mainly attributable to relative saturation. Table 1
shows passenger mobility in the major EU countriessérmany, the UK, Italy and France, domestic
passenger traffic has been more or less flat since the early 2000s.



Table 1:Passenger traffic in the major EU countries
(in billion passengerkilometres)

Year | 1995 2000 2001 2002 2003 2004 2005 2006
Gemany 954.8| 975.7| 997.1] 1001.9| 996.6| 1009.6| 998.9| 1014.1
France 737.3| 812.2| 840.1| 848.9| 853.1| 855.3| 848.1| 848.7
ltaly 745.7| 867.2| 860.0/ 854.8| 854.6/ 865.2| 840.2| 8455
UK 692.6| 725.4| 740.3| 763.9| 766.2| 770.3| 770.4| 773.0

Source European Environment Agen@009

This relative levellingoff of mobility is all the more remarkable insofar as it occurred in a period of
fairly significant economic growth. However, it also corresponds to a period of rising fuel prices that
hit car drivers particularly hard. €hphenomenon accelerated in 2008 when forecourt petrol prices
soared in the space of a few months. The number of cars sold in Europe declined significantly over the
same period. It was as though the automobile, which accounts for the vast majority ofjgasse
kilometres, had reached a relative obsolescence marking the end of a golden age. Rising petrol prices,
combined with constant congestion and speed limits, revealed a trend towards relative saturation.
Journeys in urban areas were most affected, tegethh longdistance journeys facing competition

from air and higkspeed rail travel. So is this saturation of automobile use really the sign of decoupling
or does it merely mark a transition towards fast modes likespgld trains and aeroplanes?

2.13 The persistent growth of longlistance mobility

The European Environment Agency data in Table 1 must be set in context since they relate to
domestic traffic in each country. The results are not the same if international traffic, especially air
traffic, is included. Sufficient evidence can be obtained by comparing data on traetped
greenhouse gas emissions included in and excluded from the Kyoto Protocol.

e For the 27 countries of the European Union, the former rose from 779 to 992 million tonnes
between 1990 and 2006, an increase of 27%. The spread around the average is considerable:
-1% for Germany, +17% for France, but +100% for Portugal and +89% for Spain. Not all
countries are at the same stage of economic development.

e Still for EU 27, emissios in the latter category rose from 176 to 305 million tonnes, an
increase of 73%. Of this total, emissions from air transport alone rose from 66 to 131 million
tonnes, with maritime transport accounting for the remainder.

Thus, all transport sector emisss for EU 27 between 1990 and 2006 rose from 955 to 1,297 million
tonnes, over 36%. Of this amount, domestic and international air transport emissions rose from 83 to
157 million tonnes. They now represent 12% of total emissions, compared with 8.6%0inTh#o

gives us two important signals.

e First, decoupling does not apply to demand for air trangpéat from it, in fact. Until the

recent economic crisis global air transport was rising faster than global GDP and, given the
probably expansion of suppby airlines, the trend is most likely to continue in the years to
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come. The same is true of higheed rail travel. Here again, traffic growth has been
significantly higher than economic growth in recent years, to the point where many European
countrieg(Spain, Italy, France and Portugal to name just four) are stepping up the construction
of new highspeed rail links.

e Second, the very success of air transport will pose problems because of its growing
contribution to greenhouse gas emissions. The proisl@ththe more crucial in that the mode
is doubtless far short of reaching saturation. From the standpoint of significantly reducing
greenhouse gas emissions, will it not be necessary to take restrictive measures, to go down the
road of mitigation?

2.2. Decoupling and mitigation: towards a new set of collective preferences. Three scenario
families for inter-urban mobility in France to 2050

The information presented in the following section is taken from projections drawn up for the French
Ministry of Ecobgy and Sustainable Development (Chategal, 2008). It is based on a TILT model
(Transport Issues in the Long Term), the broad outlines of which are described in an annex. As always
with projections, the model is not supposed to say what will happiemat predictive. Its interest lies

in its capacity to link a large humber of variables while seeking to maintain an overall coherence
between them that takes account of various types of constraint which mobility will have to
accommodate in the comingechdes. More specifically, the approach uses the "backcasting"
technique (Clement, 1995, Hickman & Banister, 2005). Bearing in mind the objective of reducing
transportrelated CQ emissions, an objective common to all industrial countries, what develagpment
could take place in aspects such as mobility, modal split and public policy and how might they affect
each other? As is customary in this type of work, we started by establishing -badsstiscenario,

then developed two scenario families marking ineers of or breaks with previous trends.

2.2.1 Pegasus: trend scenario and key variables to 2050?

To underpin our projections, let us first assume that the current organisation of our economy and
society will remain more or less the same. To encapsulateisvhaimple extension of past trends, we
named the scenario after a symbolic figure of Greek mythology: Pegasus, the winged horse that
enabled Perseus to cover long distances quickly. Are we not already in such a situation, since the
average French pemsmowadays covers over DO0km a year, or more than 4@n a day?

Let us start by looking at the results of the TILT model. The Pegasus scenario, which has an
infinite number of variants, is summzed in Figure 10.



Figure 10i Passenger mobility in Fance 20002050: Pegasus scenario
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In relation to the baseline year (2000), the chart shows strong growth in regional and above all inter
urban passenger transport (over 40%). Urban traffic increases by "only" 25% and id hyagkgharp

rise in the use of public transport. Growth in travel by fséghed train, bus, metro or tramway is much
higher than growth in automobile travel. This corresponds to a shift in mobility choice towards
collective modes, not primarily for envitmental reasons but because they are the modes where
improvements will be seen in the coming years, especially in terms of speed. For in this scenario
family we have kept the idea that there is a-mero elasticity between the average speed of travel and
GDP. Rather than Schéfer's hypothesis of an elasticity close to 1, we have taken the actual speed/GDP
elasticity in France over the period 192000, namely 0.5, to deduce an arbitrary value of 0.33 for the
period 20062050. In doing so, we have de faatgorporated a certain saturation of mobility. Because

of the pursuit of speed gains we have not limited the growth in air transport, which is a highly
effective way of increasing total distance travelled without increasing transport time budgets.

As Figure 10 shows, fast modes gradually replace slow modes. The modal choice shifts systematically
towards faster modes (higipeed rail and air travel). As Figures 6 and 7 suggested, higher passenger
mobility in terms of kilometres per capita per year is a tliceasequence of higher average transport
speeds. That is why the saturation rates of different transport modes vary in relation to the speed/GDP
elasticity. In other words, relative saturation would occur for4gistance automobile travel. This has
already been the case since the early 2000s in France, where the total volume of road and motorway
traffic has remained more or less flat. Indicatively, in this scenarip @d@ssions from passenger
transport could be cut by twthirds or a little more despitésing traffic (see Figure 12) thanks to
advances in vehicle technology (automobiles and aircraft) and the emergence ofgssyation
biofuels. The substantial increase in TGV traffic plays a crucial role here. The scenario therefore
concurs with theonclusions presented by Hickman and Banister in the VIBAT project. A forecasting
exercise carried out for the UK to 2030, VIBAT indicates that half the targeted reduction,in CO
emissions can be achieved through technological progress.
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However, reducingO, emissions by a factor of three would not be sufficient to comply with Kyoto
Protocol commitments and those that will doubtless be made at the Copenhagen climate change
conference in late 2009. If global @@missions are to be halved by 2050, the agemthat have been
industrialised the longest will have to make a greater effort since they are chiefly responsible for past
emissions. From that standpoint, let us take a closer look at scenarios that are more restrictive of
personal mobility, especialinter-urban mobility. Changes of behaviour are needed in order to reduce
CO, emissions by more than the amount made possible by technological progress alone. How are they
to come about? To answer that question, we have made modifications to some keygparianthe

model i modifications that are apparently benign but presuppose major changes in individual
preferences.

The modifications introduced in the two new scenario families concern the following variables.

J First, we suppose that the speed/GDPtieiaas becomes zerowhich represents a major
break with previous trends. It is reflected in a small increase in total distance travelled. In
the first alternative scenario family, called Chronos, the increase in distance is mainly
attributable to a 20% amease in transport time budgets. We have taken up one of the
hypotheses put forward by Schafer (2009), though without linking it to an increase in speed. It
offers the possibility of continuing the increase in distance travelled, albeit at a slower pace
and without any increase in the average speed. It is because the continuing embrace of
mobility is time-consuming that this scenario family has been named Chronos.

o The second scenario family, baptised Hestia, makes the same assumption of a zero speed/GDP
elasticity. But going further in the change of behaviour, it is not matched by an increase in
transport time budgets. The reduction in average speeds will therefore severely limit the trend
increase in distance travelled, indicating a return to proximitiviges. This explains the
name Hestia, the Greek goddess of hearth and home.

2.2.2 Chronos: lower road speeds but economic growth still coupled with mobility

In Chronos, the underlying rationale for passenger travel is that a rise in the price oftdletas®

causes an increase in the use of public transport. The modal shift changes the household budget as the
gains from the switch to a relatively less expensive mode are reinvested. Some of the gain will be
reinvested in relocation (to get closer tdjicitransport infrastructure) and some in fast loliggance

transport services, especially air travel.

Thus, the system seeks to strike a balance by playing on the modal split in order to minimise cost.
Chronos proposes an arbitrage between the needpfed (which increases because there is no
saturation) and public limits on speed in the context of mitigation policies designed to encourage the
use of cleaner transport modes and hence to improve the carbon footprint of transport as a whole. The
public policy goal is therefore to achieve a laiggmle modal shift, in favour of higgpeed trains in
particular, while keeping a more or less constant journey speed. In the French tradition of promoting
high-speed trains, this is reflected in accelerated draMtrail travel while road speeds remain flat or

even diminish. In this type of scenario, substantial investment is required in order to develop rail
travel. Farreaching changes to the organisation of the sector are also needed. So it comes as no
surprie that in late 2007 the French president announced the construction of ar@@Bedidmetres

of high-speed railway lines.

The announcement was presented as an environmental response to the risks arising from an increase in
air transport emissions. Hower, it is also a way of targeting speed gains on a particular mode,



namely the higispeed train, and a particular type of travel, namely-intean journeys. The rise may

be seen as offsetting the fact that the average speed of daily mobility jourfidgli, wither because
automobile mobility will be increasingly restricted or because the modal shift to local public transport
will reduce the average journey speed. This scenario family therefore assumes the ongoing coupling of
economic growth and moliy. As Figure 11 shows, total distances travelled increase almost as much
as in the Pegasus trebdsed scenario.

If economic growth and C{emissions are decoupled (see Figure 12), it is mainly due to technological
progress and a significant modal shdftvards public transport. Nevertheless, the share attributed to air
travel greatly changes the results. Although it is possible in the Chronos scenario family to approach
Factor 4 for passengers, air transport must be severely restricted and replagbespgdd rail. It is a
rationale that we will find in an even more acute form in the Hestia scenario family.

Figure 117 Passenger mobility 2002050: Pegasus, Chronos and Hestia scenarios
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2.2.3 Hestia: decoupling and migation. To what extent can air transport be restricted?

A comparison of Figures 11 and 12 is instructive for more than one reason. We can see the key role
played by restrictions on air transport in whether or not the objective of reducingnii€sions by

factor of four is achieved. Air traffic increases sharply in the Pegasus scenario family and that has a
knockon effect on the sector's total emissions. In contrast, in the other two scenario families it is the
drastic reduction in the relative shareaif travel that makes it possible to achieve and even exceed
the objective of a fourfold reduction in emissions, symbolised in Figure 12 by the horizontal line just
above the 20 million tonnes of G@nark.
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