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This paper deals with the prediction of French tourism/leisure mobility demands in
2050, and associated greenhouse gas emissions. The analysis is based on a model of
household tourism/leisure mobility patterns based on four modes of transport. A sensi-
tivity analysis quantifies possible changes in greenhouse gas emissions according to
hypotheses related to demographics, economic situations, the international security
context, transport technology and policy, the tourism market, lifestyles and cultural
change. The results show the high sensitivity of the model to economic parameters, and
that French tourism travel still has considerable growth potential. Any technological
improvements could be offset by low investment in transport infrastructure and by
permissive ‘transport pricing’. ‘Business as usual’ trends imply that French tourism/
leisure GHG emissions could increase by 90% by 2050, and passenger-kilometres by
200%. Very long distance trips and air transport are identified as major problems,
caused by a small group of frequent travellers.
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Introduction
Access to tourism is now regarded as a right (Dubois & Ceron, 2000; OMT,

2002; UNEP-IE, 1993). However, tourism’s impacts on resources and the global
environment have long been identified. The global environmental effects of
tourism on climate, mainly through the energy used to travel between home and
destinations, is now part of the accepted impact scenario (Becken et al., 2003;
Ceron & Dubois, 2003).

In addition to tourism (defined as travel out of the daily environment with at
least one over-night stay), all leisure-motivated transport should be assessed
with regards to its greenhouse gas (GHG) emissions. Future climate change
policies need to consider possible substitution effects between tourism and
home-based leisure, and other uses of time. Substitutions could stem from volun-
tary trade-offs or be determined by societal evolution. Since tourism is a
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component of our ways of life, its future should be examined in relation to other
components, such as work, family life, and leisure in general.

Though the World Tourism Organisation (WTO), (2001) forecasts a contin-
uous growth of international tourism worldwide, there are still major
uncertainties regarding the speed and spatial distribution of this growth, as well
as the evolution of domestic tourism and other leisure trips. Scenarios, forecasts
and sensitivity analyses of tourism/leisure GHG emissions taking into account
societal and technological factors could help inform policy-making. The time
horizon considered in this paper for the modelling of tourism/leisure mobility
demand and its associated GHG emissions is 2050. The analysis refers to the
French context. It should be noted that France has some strong specificities that
do not allow generalising the results to other countries. These include a high
proportion of trips taken within the home country, the importance of private
accommodation, and numerous independent travellers.

The work reported here is linked to research in progress for the Scientific
Directorate of the French Ministry of Transport (‘Temps hors travail, loisirs,
tourisme et mobilités: scénarios à 20–30 ans’). A three-step methodology was
used:

(1) Analysis of individual mobility patterns, taking into account recent trends
observed in French demand (Ceron & Dubois, 2004).

(2) Working out a computer model for French households’ tourism leisure
mobility, its calibration using data from the year 2000, and an analysis of
mobility’s sensitivity to various factors until 2050.

(3) Development of plausible scenarios for 2050 with associated impacts such as
congestion, infrastructure requirements and pollution.

The second step of this research, with a focus on GHG emissions, is presented
here.

A Model for Tourism/Leisure Mobility Demand
Forecasts for tourism are usually based on past trends, whereas the elabora-

tion of scenarios is often a more qualitative exercise (CGP, 1998; Lanquar, 1995).
Tourism forecast analyses tend to focus on tourist behaviour and bed-nights
rather than on tourist mobility. Forecasts on transport and associated GHG emis-
sions (Walsh, 1993) often rely on an extrapolation of transport fleets, and thus, do
not account for socio-economic variables and do not distinguish between the
purposes of travelling: personal, professional, day and tourism trips. They tend
to treat each mode of transport individually, which does not ‘account fully for the
dynamic competition of different transport modes to supply the demand for passenger
mobility’ (Schafer & Victor, 1999: 658).

Modelling is an appropriate method for forecasting personal transport
requirements, and it is also useful for developing future scenarios. Carlsson-
Kanyama and Lindén (1999) used a mobility model, based on age segmentation,
in order to test the compliance of future Swedish travel patterns with sustainable
development targets. Schafer and Victor (1999) developed a model to forecast
regional and world travel and its impact on climate change. Their model was
based on a combination of Travel Time Budget (the average daily time devoted to
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travel is assumed to remain constant in industrialised countries) and Travel
Money Budget (share of net income devoted to travel) whose relationship with
GDP per capita was forecasted. Additional assumptions were made on the
improvement of the energy efficiency of transport modes. The model is compara-
tively simple due to a lack of historic data and it does not take into account effects
such as ageing and generational effects on travel, or cultural changes.

The relative richness and long periods of French data on tourism, travel and
socio-economic changes made it possible to develop a more sophisticated anal-
ysis for future tourism demand, accounting for the interrelations between
demographic and economic factors, transport technology and policy, the
tourism market, lifestyles and cultural changes.

The model refers to all leisure-motivated travel by French households (short
and long distance mobility). This excludes international tourism by foreigners to
France and business tourism by French households, but includes day trips and
short distance leisure mobility for sports, leisure related shopping and cultural
mobility, within the city of residence.

The model is based on households, which are the basic unit for transport deci-
sion-making. This would assume that all members of the household have the
same tourism and travel behaviour, i.e. they do the same trips. In practice, this is
partially the case. For example, parents take short breaks without their children,
who may go to summer camps, etc. We have corrected this for car transport
(considering its high impact on GHG emissions) and differences of travel behav-
iour within households are also taken into account through the existence of
various mobility patterns in the model. In 2000, France had 23 million house-
holds with an average size of 2.4 persons.

The first step was to develop some contrasted tourism/leisure mobility
patterns (Ceron & Dubois, 2005). This took into account recent sociological
trends in France and Europe (Asher & Godard, 2003; Boulin et al., 2002; Urbain,
2002; Viard, 2002). The patterns do not reflect a statistical typology of current
tourism demand, but do reflect contrasted attitudes to travel. Consistency with
the current situation was ensured by a calibration test (i.e. the model was run for
the year 2000 and compared with actual data from the same year).

The mobility patterns result from the summing of the number of trips for five
types of mobility: short distance leisure mobility near the home (SD), outings (O),
long distance trips (LD), very long distance trips (VLD), bi-residential mobility
(BR). Each of them is allocated a modal distribution and an average distance
derived from national tourism and transport surveys. In this model categories of
mobility/travel differ from the usually applied definition of tourism: they
include leisure trips without overnight stays, and attempt to show awareness of
the reality of travel, thus correcting the frequently misleading current tourism
statistics. A trip from Nice to Italy (50 km distance), for example, will be
accounted as an ‘outing’, while a trip from Paris to Nice at 900 km is accounted as
a ‘long distance trip’. Typically, statistics would classify both trips as interna-
tional tourism.

Five patterns are defined: a conventional pattern, derived from the mass behav-
iour of the last two decades, a frequent traveller (high income and frequent
departures), a home-centred pattern, combining home-centred leisure and a desire
for exotic destinations, a bi-residential pattern, relying on frequent trips between a
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main home and a second home (there are 2.3 million second homes in France)
and a home-bound pattern, involving households which, by choice or by
constraint, do not travel. The tourism demand is finally segmented in this model
into 100 sub-markets, i.e. 5 patterns × 5 types of mobility × 4 modes of transport.

GHG emission factors per passenger-km for planes, trains and buses are
extracted from various European sources (Ademe, 2001; Eurostat, 2000; Pulles et
al., 2002; van Essen, 2003). They are shown in Table 1. For cars a per vehicle-km
average emission factor was used (Ifen, 2000). Using a passenger-km average
factor would imply that a four-person household travelling by car would emit
four times more pollutants than a single traveller, though this is not the case.
Nowadays, trips are increasingly individualised within the household, which
means more personal vehicle movements, and thus more GHG emissions. A 1.5
correction factor can thus be assumed, i.e. one tourism trip of the household
equals 1.5 car trips.

Consistency of the model with the year 2000 situation
The model was developed and calibrated for the year 2000 using two tourism

and transport surveys. The Suivi de la Demande Touristique (SDT) survey is an
exhaustive survey of French tourism demand, based upon a 20,000-person panel
interviewed monthly. Day trips have been surveyed since 2002 (Delort, 2003,
2004). The Transport Survey is a detailed survey of personal mobility with
specific monitoring of private vehicle use and short and long (over 100 km)
distance travel. The latest Transport Survey was undertaken in 1993, and it was
used to input data on leisure near the home, a minor part of overall mobility.
Correction factors were introduced to ensure compatibility of our model with
existing data. Some of the primary assumptions were modified after the calibra-
tion test. For the 11 values tested, calibration results range from –5% to +24% for
the year 2000.

The results of the model for GHG emissions in 2000 (after the calibration tests)
are displayed in Figure 1. While passenger-km are clearly dominated by road
transport, the conventional pattern and long distance mobility, GHG emissions
are dominated by air transport, the frequent traveller and very long distance
mobility; 80% of tourism trips are taken by car. However, a minority of frequent
travellers (10% of households, 27% of passenger-km travelled in the model)
represent 47% of GHG emissions, due to more frequent trips, longer distances,
and above all, a more frequent use of air transport.
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Table 1 Emissions factors used in this study

Transport mode Emission factor
(kg CO2-equivalent per passenger-km)

Plane – Mid Haul 0.432

Plane – Long Haul 0.378

Train 0.026

Bus 0.019

Car 0.18 (per vehicle-km)
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Figure 1 Breakdown of tourism/leisure GHG emissions by French residents in
2000
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Sensitivity to tourism/leisure demand and associated emissions of GHG
to various factors

The model enables the testing of the sensitivity of tourism/leisure GHG emis-
sions to a number of parameters such as total population and number of
households, size of households, vehicle load factors, mobility patterns, modal
distribution, and GHG emission factors. The objectives of the research were to
analyse the tourism/leisure demand as a result of socio-economic forces, for
example, economic growth and technological change.

To this end, six categories of driving forces, with 13 subcategories were
defined: (1) demographics (population size, ageing, generational effects, evolu-
tion of family structure, (2) economy (growth, unemployment and inequalities,
diminution of working time), (3) international security context, (4) transport
technology and policy (technological change, transport infrastructure, transport
pricing), (5) the tourism market, and (6) society and lifestyles (habitat, cultural
change towards travel). For each sub-category, a central assumption was made,
often related to literature sources, and a range of minimum and maximum effects
on GHG emissions defined. The results by category are the combination of the
results by subcategories.

The effect of one particular factor in 2050 must be understood as its effect
isolated from the interactions with the other factors; this means that no interac-
tion of factors is taken into consideration. It has to be noted, however, that in
many cases the impacts of factors are so interrelated that it is impossible to indi-
vidualise them completely. The generational effect (increase of departure rate at
the same age) for example, is a demographic factor, linked to cultural change,
experience to travel, economic growth, but also to the improvement of net
income and the reduction of social inequalities. Such interrelations can some-
times complicate the summing of factors; and this will be an important issue
when building scenarios in the next step of the research.

For each factor, we define three trends, according to their outcome in terms of
GHG emissions: a minimum, a maximum and an intermediate (central) trend.

Factors for Change

Demographics

Population growth
The total population (58.7 millions in 2000) could reach 64 millions in 2050,

according to the central scenario of the National Statistical Institute (Insee)
(Brutel, 2001; Brutel & Omalek, 2003). According to various assumptions of
fertility, mortality and migration, the French population would remain in a
range of 57–70 millions in 2050, with the same number of persons per household
as in 2000 (2.4).

Ageing of population
In Insee’s central scenario for 2050, the proportion of French people over 65

(16% in 2000) will reach 29.2%, and the share of people over 75 will increase from
7.2% to 18.1%. This will tend to diminish the rate of departure on holidays, espe-
cially for the over–75s. Ageing could, together with unemployment, lead to more
home-centred lifestyles. Doubling the current departure rate could be consid-
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ered as the central trend. This would lead to a diminution of average departure
rates for an ageing French population. The maximum would result both from a
higher birth rate, i.e. more young people in the population, and also from an
improvement in the health conditions of the elderly. The minimum would arise
from a growing proportion of disabled elderly people without suitable access to
tourism and travel. Ageing can also change the distribution of patterns. There
could be more ‘home-bound’ households as well as a growing proportion of
younger retired people adopting a bi-residential way of life, favoured by the
absence of work constraints. Ageing should also have contrasted effects on very
long distance trips, according to the diverging hypotheses about future health
conditions. This factor could also possibly increase the use of bus and train.

Generational effects
Past trends show that departure rates at the same age improved gradually

with wealth and travel experience. The departure rate increased faster for the
elderly than for young people (Rouquette, 2000). The central tendency should,
therefore, show a continuous increase of travel for middle-aged people (50–65
years), and slower growth, limited by old age and disabilities, for those over 70.
From this general trend, a range can be defined, from a maximum in which all
generations would make frequent trips, including very long distance mobility, to
a minimum, in which the tourism market would not supply adequate products
for the elderly, leading to a decline in travel for people over 70. Moreover, in the
minimum hypothesis the new generations (e.g. ‘Internet generation’) would be
less likely to travel because of lower incomes and the availability of virtual travel
(Salomon, 1998).

Evolution of family structure
Household size showed a continuous decline, from 3.2 persons in 1962, to 2.4

in 2000 (Cristofari & Labarthe, 2001). It is uncertain whether this trend will
continue at the same pace. Ageing and the increase in the divorce rate generate
more single person households, tending to confirm the trend. Conversely, the
high French birth rate may increase the family household size. More households
means more individualised travel, and thus more road mobility for the same
amount of bed-nights (lower load factor of cars). The intermediate trend would
be a moderate diminution of household size, from 2.4 to 2.1 persons. The
maximum equates to a strong reduction in household size, i.e. more single
people and ‘DINKs’ (Double Income No Kids) would probably imply more ‘fre-
quent travellers’. The minimum reflects a return to family values, a high birth
rate, and a growing share of ‘home-centred’ and ‘conventional’ patterns. A
summary of demographic factors for change is given in Table 2.

Economic conditions
Three factors are important in this context: economic growth in general, the

effects of unemployment and inequalities in society, and changes in working
time.

Economic growth
Between 1960 and 1990, France experienced a continuous growth of departure

rates, from 44% to 61% (Rouquette & Taché, 2002). Half of non-departures can be
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Table 2 Factors for change: Demographics

Trend Hypotheses Results

Passenger-
km

Road
traffic

GHG
emissions

Increase of
population

Medium 64 millions. 26,600,000 households 15.9% 15.9% 15.9%

High 70 millions. 29,160,000 households 26.8% 26.8% 26.8%

Low 57 millions. 23,750,000 households 3.3% 3.3% 3.3%

Ageing of
population

Medium Diminution of departure rate.
Home-bound +7%. conventional –7%

–7.6% –2.2% –12.4%

High Home-bound +4%. Bi-residential + 3%.
Frequent traveller +1%. Conventional
– 8%. More VLD trips. More train and
buses

8.7% –5.5% 15.6%

Low More very old disabled people.
Home-bound + 9%. Conventional
–10%. Bi-residential +1%

–13.1% –7.6% –18.1%

Genera-
tional
effect

Medium Home-bound –4%. Bi-residential +2%.
Frequent traveler +1%. Conventional
+1%. More train and bus. More VLD
trips.

20.8% 7.0% 23.1%

High Frequent traveller +4%. Bi-residential
+2%. Conventional +2%. Home-bound
–8%. More VLD mobility for all
patterns. More trains and buses.

51.9% 14.7% 78.7%

Low A new generation less interested in
departure. Home-bound 0%.
Home-centred +2%. Frequent traveller
–2%. Bi-residential –1%. Conventional
+1%.

–4.4% –8.2% –9.7%

Evolution of
family
structure

Medium Household size 2.1 (26,285,000
households).

–0.9% –0.4% 4.0%

High Households size 1.9 Frequent travellers
+3%. Conventional –1%. Home-bound
–2%.

8.3% 1.8% 25.1%

Low Household size 2.4. Home-centred
+3%. Bi-residential +1%. Conventional
–4%.

4.3% 1.9% 7.8%

All demo-
graphic
factors

Medium Population 64 millions, household size
2.1. Conventional –7%, frequent
traveller + 1.5%, bi-residential +4%.
Home-bound +1.5%, more train and
bus, more very long distance mobility.

24.6% 13.2% 33.4%

High Population 70 millions, household size
1.9, conventional –7%, frequent
traveller +8%, home-bound –6%,
bi-residential +5%. More VLD trips.
More train and buses.

68.4% 31.2% 111.6%

Low Population 57 millions. Household size
2.4. Home-bound +9%. Conventional
–13%, bi-residential +1%.
Home-centred +5%, frequent traveller
–2%, more train and buses.

–2.4% –10.1% –0.7%
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explained by financial reasons (Boudet & Le Scouarnec, 2000; Rouquette, 2000).
A maximum growth rate would rely on strong economic growth (3.5% increase
in GDP per year), which could largely, though not completely, offset financial
constraints: the growth of tourism would be limited because an important
minority would not access international travel. The maximum attainment would
be 74% for long stays, and 86% if short stays were to be included. A very hypo-
thetical minimum linked to economic stagnation would imply the same
departure rate for 2050 as for 2000. The central trend (+2.5% per year) would
imply that half of the maximum would be reached, i.e. 67% for long stays, 83%
including short stays. In every case the saturation of long distance and outings
mobility (Graham, 2000) and the growth of very long distance, proximity leisure
and bi-residential mobility are assumed. In a ‘business as usual’ trend very long
distance and proximity leisure mobility would increase by 50%, by 100% in a
maximum, and by 0% in a minimum.

Unemployment and inequalities
Since 1990, the departure rate of the French is stagnating and even diminishing

for certain categories of people: those who live in the Paris region and people
between 30 and 50 years. There is also a growing polarisation between those who
earn money but have little time to travel, and those who have more spare time
but less income (e.g. retired people, students and the unemployed). French
annual domestic tourism demand decreased by 57 million bed-nights between
1983 and 1999. Current trends would assume persistent economic and social
polarisation, with very long distance trips abroad for a growing minority of rich
employees, a conventional pattern for the majority, and short distance leisure
mobility, outings, and home-bound patterns for a still important share of society.
Maximum growth assumes reductions in unemployment (unemployment was
about 10% in France in 2000) and reduction of the working population due to an
increasing share of retired people. A fairer distribution of wealth would lead to
the adoption of frequent traveller patterns for a larger percentage of the popula-
tion, and, across all patterns, to more frequent departures. Globally, the WTO
forecast of 3–4% annual growth for international tourism would be attained; it
would be lower for a mature market such as France, which leads to a 150%
increase in very long distance mobility in 2050. A minimum would probably
involve social tension and violence and the ensuing insecurity: a minority of
wealthy people would try to escape from this context by travelling abroad, or
buy secondary homes in secure areas. Short distance leisure mobility would
probably be limited by these social tensions.

Reduction of working time
There is a trend to shorter working hours in modern societies (OECD, quoted

by Viard, 2002; WTO, 1999). In France, this movement has been particularly
rapid; France is ranked third among OECD countries for non-working time, a
trend accelerated by the 35-hour working week introduced in 1999. Early
surveys revealed no direct impact on tourism (Boulin & Du Tertre, 2001; DARES,
2001). Additional leisure time was used to limit daily time pressures and reduce
stress. Outings, short stays and bi-residential mobility were favoured, while the
growth of long distance and very long distance mobility was hindered by limita-
tions on wage increases. The business as usual trend assumes further slow
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reductions in working time until 2050, limited by the larger number of retired
people. The maximum growth trend relies on a rapid reduction in working time
(e.g. to foster job creation), which would impact on all forms of mobility,
including very long distance trips. The minimal trend would assume the same
average working time in 2050, and thus a limitation of tourism trips, especially
for middle-aged workers.

International security context
Tourism has always experienced numerous crises: economic recessions,

health crises (SARS, foot and mouth disease), environmental crises (oil spills,
natural disasters), terrorism and war. Tourism statistics (Ifen, 2002) show high
short-term sensitivity to crises, but strong resilience in the mid and long terms.
Some substitutions between products, international destinations, or between
domestic and international tourism have, however, been observed (ONT, 2003).

Past trends show that very long distance mobility is the only form of tourism
not to experience saturation in most developed countries (Steer, quoted by
Graham, 2000: 113). Security could, therefore, constitute a limiting factor.

The current situation shows a persistent context of geopolitical tensions and
terror alerts, and subsequent travel safety uncertainties. If the reactions to this
situation remain constant, long distance or very long distance mobility will not
be seriously limited, giving little change in passenger-km travelled, or GHG
emissions.

The maximum trend assumes global prosperity, peace, safer travel and more
welcoming societies. Very long distance mobility could increase with average
incomes, and tourism consumption could become much more individualised.

A minimum trend admits that global insecurity could hinder very long
distance mobility, or limit it to inter-OECD countries. Domestic tourism would
appear as a substitute: less frequent traveller patterns, more conventional ones,
but with more long distance trips, and trips within Europe. Airline companies’
profitability would be at risk, as increasing security demands would raise costs,
potentially cutting their market share.

Transport technology and policy

Technology
Air transport The Intergovernmental Panel on Climate Change (IPCC) central
emission scenario forecasts an increase in aviation emissions of 300% for 2050,
ranging from 160% to 1200% across different scenarios. Worldwide, civil avia-
tion could emit 15% of total CO2. Potential improvements in aviation energy
efficiency relate to the improvement of aircraft and engine design, traffic opera-
tions and the possible use of alternative fuels (Peeters, 2003; Wedantham &
Oppenheimer, 1998). Two time horizons should be distinguished. For 2020, fore-
casts rely on existing technology and past trends. Kalidova et al. (1998) assume an
improved aircraft energy efficiency of between 22% and 40%, with a baseline
scenario of 34%. IPCC (GIEC/IPCC, 1999) predicts a lower average of 20%. For
2050, forecasts are more uncertain, and depend on the possible introduction of
liquid hydrogen powered aircraft. Given increased fuel costs and growing envi-
ronmental constraints, hydrogen technology is expected, but timeframes are
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unclear (Peeters Advies et al., 2002; Pohl, 1995). Hydrogen propulsion would not
emit CO2 during the flight, but it implies more water vapour, contrail formation,
and the primary energy needed to produce hydrogen might not be carbon
neutral. The IPCC (GIEC/IPCC, 1999: 12) is therefore cautious about the final
effect on climate change. IPCC assumes a total improvement in efficiency of
40–50% by 2050. In our model, a minimum improvement would imply that
hydrogen would not be introduced; a maximum would rely on a good penetra-
tion of hydrogen (20% of aircraft in 2050), with hydrogen produced through
renewable energies. Schafer and Victor (1999) assumed a maximum penetration
of 70% to be reached in 2050.
Road transport The fuel efficiency of car engines has improved by 1% p.a. over
the past 30 years. This improvement was, however, offset by declining load
factors and features such as weight, four wheel drive and air conditioning.
Globally, the energy efficiency of road passenger transport has remained
constant since 1970. In our model, however, the load factor parameter is taken
into account separately, by changing the ‘size of household’ parameter. Thus, a
‘business as usual’ trend would replicate this annual 1% improvement until 2050,
which would lead to efficiencies increased by 60%. A minimum trend relies on
strong incentives to reduce emissions, e.g. reducing car weight, improving envi-
ronmental norms (120 g of CO2 per km in 2012, proposed by the European
Commission), reducing speeds and using low impact or alternative fuels.
Train and buses For trains, Bek and Sorenson (1998) assume progressive electri-
fication of the network with only a slow improvement of diesel engines, because
of the long life of locomotives. Technical improvements in trains, and in associ-
ated electricity generating stations are envisaged. Overall a 30–60% energy
saving is assumed.

Infrastructure choices
The travel sector experiences a phenomenon of ‘path dependence’: initial

infrastructure choices shape the future and limit the rate at which one mode can
be substituted for another. The two factors that influence the modal split and
possible substitution effects are accessibility and price.
Air transport availability There are two major trends. Air travel has recently been
made much more accessible by the rise of the low cost carrier, a process which is
still gathering pace in France and across the world. In the future the production
of larger aircraft, with seating capacities of up to 800 passengers, presaged by the
introduction of the A–380 Airbus, will further extend the availability of air travel.
But, set against these developments are issues of air traffic control and conges-
tion, and of rising fuel prices.
Road accessibility and substitution by trains High-speed trains (e.g. TGV) are able
to capture market share from road and air transport. The French national spatial
planning directorate (DATAR) predicts a long-term expansion of the high-speed
train network by 2025, drastically reducing rail travel times. They also predict
motorway construction to put all points in France within 30 minutes of a
motorway entry. With the expected increase of road congestion on North/South
itineraries, a ‘business as usual’ trend assumes a diversion of 15% of long
distance mobility and outings to the train network. This could rise to between 5%
and 30% for long distance travel by 2050, given greater local and high speed rail
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investment, a concentration of tourist travel to major destinations, and the
ending of indirect subsidies to low cost air travel.

Transport pricing
Transport pricing is linked to factors such as fuel, operational and security

costs, the volume of demand, new vehicle costs, and taxation. Higher costs could
lead to a general reduction of tourism and travel demand. Any reductions would
not have a linear relationship to the distance or price per trip. Very long distance
trips are rare, exotic and desired; price increases would have to be high to lead to
a drop in demand. Transport prices are not set to fall in France and in Europe,
except perhaps for railways, where a more open market could increase competi-
tion. Air transport has benefited from low cost fuel, international competition,
and low congestion levels, but the outlook is for rising fuel costs and congestion
levels. For road transport in Europe, taxes currently represent around 80% of fuel
prices. While fuel taxes are likely to be stable, rising oil prices and anti-pollution
taxes could, however, have an impact. So, the ‘business as usual’ trend suggests
a slight increase of travel costs, marginally impacting on modal distribution.
The maximum trend would stem from cheap energy and general deregulation.
This would maintain the share of road transport and increase air transport
levels. The minimum trend would assume that oil prices rises and environ-
mental constraints would increase by 50% the average prices for road and air
transport, and thus diminish long and very long distance mobility, and favor
travel by trains and buses. Frequent travellers patterns would be at their lowest
market share, and home-centred ones would be reinforced. Table 3 summarises
transport technology and pricing factors for change.

The tourism market
French tourism is quite specific in Europe. It is, in spite of high average

incomes, characterised by a reluctance to travel abroad. The diversity of tourism
destinations in France explains that most tourism trips are taken within the
country itself. The French, as a result, occupy the third place within the EU 15 for
holidays taken within the home country, after Greece and Spain (OECD, 2001:
13). Most trips are also self-organised: only 9% of domestic trips (but 59% of trips
taken abroad) used the services of a tour operator or a travel agent (SDT Survey,
2001). Private accommodation, therefore, accounts for an important share of the
demand. In 2001, second homes hosted approximately 10% of stays and accom-
modation provided by friends or relatives 53%.

These features impact on mobility demand profiles. Individualism implies a
more than important share of road transport: up to 80% of trips use road trans-
port. Second homes encourage frequent departures from the main home. Fewer
trips abroad imply a lower market share of air transport (6.5% of stays and 34% of
passenger-km in 2000 [SDT Survey]). In the future, powerful tour-operators with
cheap packages and good marketing could, however, be strong promoters of
international tourism, as would low cost airlines.

The maximum trend reflects the behaviour of the French converging with that
of northern Europeans: more trips abroad (more frequent travellers), more
organised tours, and thus collective means of transportation, not only by buses
and trains, but also by planes. The opposite trend would assume a strengthening
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of the French specificities discussed above (Dubois, 2004, 2005). This would
imply more bi-residential patterns, more car use, no rise in long distance trips
and an increase of outings, all trends that have been observed since 1990. The
overall departure rate would stagnate. An intermediate trend would consist of a
mix of the previous trends: self organisation and secondary homes for most long
distance trips, but also more packaged tours to remote destinations.

Society and lifestyles

Habitat
Housing conditions have significantly improved over the last decades: the

proportion of one-family homes increased, as has the average space per person,

184 Journal of Sustainable Tourism

JOST 589

Table 3 Factors for change: Transport technology and policy

Trend Hypothesis Results

Passenger
-km

Road
traffic

GHG
emissions

Technology Medium Energy efficiency: Air: 55%, road
65%, train 45%, bus 28%

0,0% 0.0% –58.8%

Low Air 70%, road 75%, train 60%, bus
35%

0.0% 0.0% –71.5%

High Air 40%, road 55%, train 30%, bus
22%

0.0% 0.0% –45.3%

Infrastructure
choices

Medium Substitution road to train (LD + O):
15%, air (LD) to train: 25%. Average
distance per trip +20% (+10% for
VLD)

17.4% 3.7% 8.0%

Low Substitution road to train (LD + O):
30%, air (LD) to train: 40%. No
changes in average distance (fast
transport is costly)

0.0% –27.7% –10.6%

High Substitution road to train: 5%, air to
train: none. Average distance per
trip: +35% (VLD +20%)

31.1% 28.3% 23.7%

Transport
pricing

Medium Less trips to second homes (15 a
year rather than 22), air transport
share for LD decrease by 20%, less
road and more train.

–1.5% –14.9% –5.9%

High More plane for LD, outings and
bi-residential, more VLD trips

20.1% –0.9% 51.0%

Low Less LD and VLD mobility (–15%),
average distance decrease by 10%,
share substitution of 20% of road
and air to train and bus

–18.2% –25.0% –29.0%

All transport
technology
and policy
factors

Medium Emission factor of 4.1 medium+
combination 4.2 and 4.3

15.6% 1.7% –55.7%

High Emission factor of 4.1 high+
combination 4.2 and 4.3

52.5% 28.3% –3.9%

Low Emission factor of 4.1 low +
combination 4.2 and 4.3

–15.3% –36.9% –79.0%
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(from 31 to 37 m² between 1984 and 2002) (Chaleix & Madinier, 2000). The French
own 12 to 13 million gardens (Creux, 2001); 56% own their homes. The home is
more and more adapted to leisure; statistics show an increase in the time devoted
to visits to, and meals with, relatives. Changes in the quality of housing, the
immediate environment (Martin-Houssard & Rizk, 2002), and the distribution of
free time could lead to changes in tourism and travel consumption patterns.

In a central trend, a significant part of the population would shift from the
conventional pattern to homebound and home-centred patterns. Distances trav-
elled for local leisure would increase by 30%; day trips taken would rise by 20%
across all patterns. In a more extreme scenario, the new leisure functions of the
main home would be transferred to a second home as well.

Conversely, if the environmental conditions of the main home worsened
because of urban pollution, crime, etc. and if housing costs limited access to
private property, as currently observed in French southern cities, any gains in
home comfort could be largely offset. Households would compensate for this by
increases in travel, and tourism would become a temporary escape from
unpleasant living conditions.

Cultural change, values and cultural attitudes to travel
Forecasting cultural change, especially in the long term, is even more chal-

lenging than forecasting technology or the economy. It is possible to consider
some factors that could seriously change tourism and travel consumption, such
as attitudes towards health, the environment and exoticism, and travel itself.

Since the 1930s tourists have sought sun and sand destinations. It should be
remembered, though, that the climatic requirements of tourists have seriously
changed from the 19th century till now (Boyer, 1982, 1996) and this could
continue for example in relation to health (e.g. skin cancer). The impact of
increasing environmental consciousness is also hard to predict. Gössling (2002a,
2002b) and Urry (1995) fear that improved public knowledge of global natural
environments might lead to visitors travelling unceasingly with huge environ-
mental consequences. Alternatively, dramatic price increases in air travel or
environmental catastrophes1 could lead to falling travel demand, a rise in virtual
travel, or even a substitution of travel with spiritual activities.2

Attitudes towards travel have also evolved, from the Grand Tour of the aristo-
cratic class, with a single extended trip in one’s life, to the current hyper-mobility
implying short breaks in remote destinations several times a year. Past trends
suggest that the peak of hyper-mobility is still to be attained, with the continued
attraction of remote destinations and ecotourism, the acceleration of life,
high-speed travel technologies and easy information access. Extended travelling
continues to reflect social status. Alternatively, there are emerging attitudes
towards travel such as the popularity of car-free vacations and travel with
substantial nature activity components. It is possible that the answer to
every-day pressures favours the demand for a totally different tourism experi-
ence or ‘slow tourism’ (Matos-Wasem, 2004).

These types of cultural changes would, in all probability, lead to a downturn in
the conventional pattern, which could be compensated for in different ways. In
the intermediate trend, there would be a growth of very long distance, very indi-
vidualised mobility to remote destinations, with growth in ‘ecotourism’, and
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also by more home-centred lifestyles. Long distance mobility would stagnate, as
would outings. The home-centred and frequent travellers patterns would
steadily increase their market share.

In the maximum trend the growth of long distance tourism could be boosted
by a growing attraction for adventure tourism, increased use of technology, with
little awareness of environmental impacts. The frequent traveller pattern would
reach a maximum share.

In the minimum trend, slow tourism would emerge as a considerable market.
With the continuing attraction of remote destinations, the need for authenticity
and discovery, combined with the awareness of tourism’s environmental
impacts, and higher travel prices, this would lead to less frequent departures
abroad, but for longer periods. Home-centred patterns (which imply VLD
mobility) would attain the maximum, and the use of the car would decrease
generally.

Synthesis and Discussion
France is considered a mature tourism market. Notwithstanding that, it

appears to conceal a high potential for increasing GHG emissions. Combining all
the medium hypotheses in the model would lead to an increase of 88% in emis-
sions by 2050 (Figure 2). Given that WTO (2001) predicts that tourism will
develop less in Europe than in emerging markets, this suggests some worrying
prospects in terms of the worldwide emissions from tourism, even if it is remem-
bered that for emerging markets domestic tourism tends to be the first to
develop.

A number of detailed points emerge. The greatest effects linked to demog-
raphy are not those of an increase in population (26.9% in the high hypothesis, for
instance), but changes in the structure of the population (ageing, generational
effects, family). The international context appears to be a factor of great influence,
in particular since it is uncertain to what extent western societies could remain
calm while facing international tensions. Our results show that this is the main
factor, which, apart from cultural change, could really restrain people from trav-
elling for leisure especially to remote and politically unstable destinations.
Changes in the organisation of the tourism industry also appear to be an impor-
tant factor, roughly in the same order of magnitude as demographics. Within the
industry the future shape and size of air transport will be a key area. Air transport
could account, in a combination of all medium hypotheses, for 86% of emissions
(61% in 2000), mainly associated with the burgeoning of very long distance
mobility. Only a minority of travellers currently use the plane and their holidays
account for the greater proportion of emissions. Impacts from aviation are partic-
ularly difficult to mitigate. Aviation will remain dependent on carbon fuels for a
long time: renewable or nuclear solutions are not adapted to aviation and no one
risks dates for fuel cells (Peeters Advies et al., 2002). This minority of frequent
travellers is clearly a problem for the sustainability of tourism, especially as the
eco-efficiency of very long distance tourism is quite low, compared to other activ-
ities (Gössling et al., 2005).

The case for car transport appears quite different. The emissions from cars
appear to remain constant in absolute value for almost all non-technological
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factors (with the exception of economic growth). This means, that for a country
such as France, the use of the car for leisure and tourism purposes might be
reaching a peak. The share of emissions from cars in tourism and leisure mobility
thus decreases in a number of the sensitivity tests (37% in the basic model to an
extreme of 10% for a very favourable international context). It even diminishes
when technological progress is tested, which reflects the greater difficulty of
technological progress to curb total emissions from aviation. In combining all
medium hypotheses, passenger-km travelled by road transport still increases by
47%, due to a combination of an increased number of trips enabled by higher
income and increased free time, and the rise in secondary home ownership, but
emissions decrease by 20%, due to improved energy efficiency and transport
pricing.
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Figure 2 Evolution of GHG emissions from tourism and leisure in 2050, medium
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The lifestyles factor remains a major one. The assumptions made in the model
are ‘reasonable’; they do not consider a dramatic increase in environmental
concerns that would be linked to possible future catastrophic climatic events.
And the model does not reflect the change in lifestyles that would be necessary to
divide GHG emissions by a factor of four (Von Weizsaecker et al., 1998), which is
said to be necessary if climate change is to be kept within acceptable boundaries.

The model clearly shows that technological progress is not likely to offset the
increase in emissions due to other factors, even if very optimistic assumptions
are made for the year 2050. This is a major conclusion and one that is rather easy
to reach but which stakeholders both in the tourism and in the transport industry
are not ready to accept (Iwand, 2003) or to draw from it all the conclusions it
implies.

Finally there is the issue of economic growth and employment. The model
shows that a growth rate of 2% pa could double tourism related emissions over
the next 50 years; a 3.5% rate could treble emissions. At the same time, reductions
in working time, and increasing levels of employment could inflate those
projected increases by 66% in the maximum growth scenario. Emissions from
tourism related transport are very closely related to economic change, while at
the same time, tourism growth seems to rely on an increasing transport compo-
nent.

There is an agreement, therefore, with Schaefer and Victor’s (1999) prediction
of a decline in car use but certainly less agreement with the prospect of the stabili-
sation of GHG emissions resulting from tourism and leisure for industrialised
countries. This divergence is linked to the strong potential for a development of
air travel even though it would appear that this potential might be higher for
France than for adjacent countries whose tourists currently use the plane more
frequently than the French.

Conclusions
The hypotheses tested above are all plausible, although we acknowledge that

by its nature the type of exercise presented in this paper is somewhat ambiguous.
The results presented are not an attempt to forecast the mobility patterns and
greenhouse gas emissions from tourism in 2050. However, the research does
highlight future problems and key factors determining changes in GHG emis-
sions from tourism. It stimulates discussions about possible futures. The model is
very different from that employed by Schafer and Victor (1999), who considered
that the time devoted to leisure related transport remains constant, along with
GNP and demand elasticity. Our model tests the sensitivity of future transport
demand over a wide range of parameters.

Our analysis showed that none of the hypotheses tested indicated that tourism
and leisure would contribute to building a sustainable society. The limitations of
personal mobility that would lead to reductions in GHG emissions were typi-
cally undesirable. For example, economic stagnation, ageing of population, war
and terrorism, unemployment and inequalities all led to reduced mobility and
emissions. The need to reconcile environmental constraints with people’s appeal
for the mobility tourism and leisure imply to be imaginative in alternative
answers. The only exceptions to these rather negative societal trends were the
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increase popularity of more home-centred lifestyles and general cultural change.
These developments, however, would need to be pushed much further to result
in significant impacts on GHG emissions. Lifestyle changes are certainly at the
core of a sustainable future for tourism, leisure and travel. Other important areas
of development include transport technology, policies (e.g. infrastructure and
pricing) and the organisation of tourism as a whole. An important step in this
context will be to internalise transport’s environmental costs regarding climate
change. Apart from this, the only solution seems to lie in the unlimited avail-
ability of clean energy, for example through fuel cells fed by solar energy. Until
this is reality, tourism will continue to contribute to GHG emissions and impact
on the global climate.

The next step in this research will be to assemble all factors into consistent
scenarios, which will involve a more qualitative methodology, i.e. making strong
assumptions about interrelationships between factors and predominant effects,
and assessing contradictions and undesired cumulative effects between factors.

Correspondence
Any correspondence should be directed to Dr Ghislain Dubois, TEC,

Tourisme, Transports, Territoires Environnement Conseil, 38 rue Sénac de
Meilhan, Marseille F-13001, France (Ghislain.Dubois@tec-conseil.com).

Notes
1. Some social scientists fear that catastrophes are the only means by which mankind

will take climate change into account (Dupuy, 2004). These might happen earlier than
expected: one can recall that extreme climatic events such as El Nino are associated
with changes in temperature of 2.5 to 2°C, and that France has known a warming of
1°C since the beginning of the 20th century.

2. J-D Urbain (2002) reminds us that in French we use the term of ‘voyage intérieur’.
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