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Modelling choice and switching behaviour
between Scottish ski centres

GEOFF R IDDINGTON* , COLIN SINCLA IR and NICOLA MILNE

Department of Economics, Glasgow Caledonian University, Cowcaddens,
Glasgow, G4 0BA, UK

The paper identi® es the need to model the skier’ s choice of centre and the basic ideas
underlying discrete choice models and their estimation. It then identi® es data
requirements and sources, the ® nal choice of speci® cation and the estimated par-
ameters of the resultant nested multinomial logit model. The results indicate two
quite distinct markets. For day-trippers snow cover, cost, and, to a lesser extent, the
journey length, were the critical factors. For those staying overnight the key deter-
minant in this market seems to be accommodation . Interestingly centres which for
the day-tripper are competitors, become, for the overnight customer, complemen-
tary.

I . INTR ODUCTION

A key element in appraising an investment is a forecast of
the demand for the product or service. Often, when the
market is relatively static, then the forecast revolves around
the market share and particularly the way customers will
switch from current purchase patterns to the new product
or service. In turn this means that we need to develop an
understanding of the way consumers choose their con-
sumption patterns and to model the e� ect of the factors
underlying the choice.

Over the last few years there has been considerable
investment in the ski centres in Scotland and more, rather
contentious, developments are planned. This paper tries to
identify the factors that determine the e� ects of expendi-
ture at a site by developing a model that quanti® es the
relationship between the quality of the facilities, prices
and the choice of individual skiers. The layout of the
paper is as follows. First the market for skiing in
Scotland is brie¯ y examined. Secondly we look at the spe-
ci® cation and estimation of the chosen model, the Nested
Multinomial Logit. Thirdly the data, and speci® cally the
estimation of potential expenditures for non-chosen sites is
discussed. Fourthly the ® nal estimated models and the
resultant implications for ski investment are examined.

Finally the role and limitations of the approach to invest-
ment in leisure activities are discussed.

II . THE MA R KET FOR SKIING IN
SCOTLA ND

Scotland has ® ve ski centres; Glencoe, Nevis Range,
Cairngorm, Glenshee and The Lecht. As Fig. 1 shows,
these are geographically dispersed but four of the ® ve are
within two and a half hours driving from the densely popu-
lated central belt.

The demand for Scottish skiing is predominantly from a
Scottish market, with over 90% being either day or week-
end trips (Milne, 1997). Mackay (1995) estimates that there
were 504 000 skier days in the 1994/1995 season at all ® ve
Scottish ski sites. Data on trip frequency gathered in the
present study suggested that there were around 200 000
skiers making trips to Scottish ski centres in the 1995/
1996 season. Central to the variation in the number of
skier days are the snow and weather conditions. Figure 2,
shows the total number of skier days each year in Scotland
between 1981 and 1995. In this context one skier visiting
three times would generate three skier days, no matter how
short the day.
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In good seasons up to 680 000 skier days may be
recorded, in poor as little as 190 000. With high ® xed
costs, overall the industry will only break-even at around
half a million skier days. A series of bad winters makes
investment extremely risky. Despite this, over the years
there has been considerable extension and upgrading of
facilities, largely made possible by public subsidy of up to
70% of capital costs.

Milne et al. (1998) estimated that skiers spent a total of
£17 665 224 in the Highlands Enterprise area and that this
level of spending supports directly and indirectly 1500 jobs
during the winter months. The industry is thus generally
regarded as making an extremely important contribution
to the rural highland economy. However, overall demand
and real prices are static and thus the investment in
Scotland can best be viewed as an attempt to maintain
market share through quality improvement in the face of
increasing competition from overseas (Milne et al. , 1998) .

III . NESTED MULTINOMIA L LOGIT
MODELS

Choice models are used to explore and explain economic
choices in a wide variety of areas ranging from labour force
participation (e.g. Cogan, 1980) through brand preference
(Baltas et al. , 1997) to church attendance (Sawkins et al. ,
1997). Most commonly these are binary choice models
using either a Probit or Logit speci® cation. Multinomial
models are concerned with situations where there are a
number of choices available. Successful models can be
found in many ® elds such as marketing (Bucklin et al. ,
1995; Kamakura and Kim, 1996) evaluating environmental
quality (Kling and Thomson, 1996) , modal transport
choice (Sinclair 1998) and quantifying recreational demand
(Haab and Hicks, 1997). All can be dated back to Luce
(1959) with the theory best developed and explained in
Ben-Akiva and Lerman (1985).

The models assume that individuals seek to maximize
their utility when choosing from a ® nite set of discrete
alternatives (brands of commodities, transportation
mode, ski sites etc.). Individuals are assumed to act within
a framework of bounded rationality so that the utility of
the alternative chosen exceeds the utility of all other feas-
ible alternatives. If an individual chooses alternative k then

Uik > max …Uij† for all j 6ˆ k

Of course Utility cannot be observed, only the results.
Utility is assumed to be a linear function generated by a
set of known and unknown factors that relate to the char-
acteristics of the individual, of the products, or of both.
Thus if a skier from Aberdeen chooses to ski at the Lecht
then for this customer at this time,

(1) the snow might be satisfactory (a feature of the
choice)

(2) the day pass cheapest (again a feature of choice)
(3) suits the level of expertise (a feature of the individ-

ual)
(4) the road distance shortest (a function of both choice

and individual).

These identi® able factors together with a number of `other’
unidenti® ed factors (e.g. friend from England is staying
close to the centre) generates a higher utility for skiing at
the Lecht than anywhere else for that particular skier/indi-
vidual.

The unknown factors are represented by a stochastic
term and the e� ects of the characteristics are assumed to
be additive. Thus the additive utility model is

Uij ˆ  Xij ‡ "ij

where  is a 1*n vector of ® xed coe� cients and Xij an n*1
vector of characteristics.

The value of the stochastic term is of course unknown,
but we can estimate the choice that is most likely given the
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Fig. 1. The ski centres of Scotland
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Fig. 2. Skier days in Scottish centres
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set of characteristics. For example if , for an individual i,
Glencoe is cheaper, nearer, has better snow, more runs, and
more accommodation then the probability of choice will be
very high but not 100%, because, unknown to us, a partner
might have a season ticket for Nevis Range.

Whilst the limited number of factors considered (dis-
cussed in the next section) contributes to the uncertainty
there are two other elements in the speci® cation that will
also generate error. The underlying model implies that
overall satisfaction (or dissatisfaction) is the sum of a num-
ber of smaller satisfactions generated by the factors. This is
unlikely to be completely valid (e.g. snow conditions and
weather might combine in a multiplicative fashion) and will
lead to error. Possibly even more importantly the e� ect of
each factor on the satisfaction of the individual is assumed
to be constant; everyone responds to the weather or the
cost in the same way. The obvious invalidity of such a
model has led to the assumption that the parameter coe� -
cient represents some `average’ e� ect and that individual
variance from the mean is independent of factor size,
appropriately distributed and simply forms part of the
stochastic term. However, as we discuss in the ® nal section,
economic logic leads one to hypothesize that the variances
are not independent e.g. the least cost conscious will grav-
itate towards the most expensive sites. This will thus intro-
duce a downward bias when assessing the e� ects of the
factors on the choice.

Assumptions about the size, distribution and indepen-
dence of these unknown e� ects (the stochastic term) are
critical to the estimation of the e� ects of the known factors.
Consider ® rst the simple binary model where the stochastic
terms are assumed to be zero-mean normally distributed.
For simplicity we term the known element bXij, the sys-
tematic component and label it V ij . If individual i chooses
product 1 rather than 0 Ui1 > Ui0 , i.e. V i1 ‡ "i1 > V i0 ‡ "i0
or "i1 ¡ "i0 > V i0 ¡ V i1. Since the stochastic terms are zero-
mean normally distributed the di� erence will also be zero-
mean normally distributed. The variance of the stochastic
term will depend upon the scale of the utility measure or
alternatively we can make the scale consistent with unit
variance. If we assume that "i1 ¡ "i0 is standard normal
then, if we have estimates of  and values for Xij and conse-
quently Vi0 ¡ Vi1 , we can establish the probability that
Ui1 . Ui0. For estimation purposes we choose values of 
that maximize the product of the probabilities for all indi-
viduals in the sample.

The multinomial case is similar in theory but much more
complex in practice. Consider the three-choice case where
product 2 has been chosen over 1 and 0. In this case we
need to establish the joint probability that Ui2 > Ui1 and
Ui2 > Ui0 or rather "i2 ¡ "i1 > V i1 ¡ V i2 and "i2 ¡ "i0 >
V i0 ¡ V i2. Since the di� erences are normally distributed
this is theoretically possible, but we need, in addition to
 , the variance of each of the stochastic terms and, im-
portantly, the relationship between the di� erences in the

stochastic terms. Even if we assume independent, identi-
cally distributed standard normal distributions we still
have to calculate, by integration, the joint probability for
each observation at each set of potential values of  . This
generates signi® cant computing cost. When we have ® ve
choices and we allow for di� erent variances and noninde-
pendence, the model is extremely di� cult to estimate.

An alternative is based on the use of the Gumbel distri-
bution. The Gumbel has a similar shape to the normal,
logistic and Weibull distributions, but has one extremely
useful feature. If the stochastic terms are independent iden-
tically distributed with a Gumbel distribution with scale ·
then

Max …V 1i ‡ "1i ;V 2i ‡ "2i ;V 3i ‡ "3i ;

V 4i ‡ "4i ; . . . ;V mi ‡ "mi† ˆ V ¤
i ‡ "¤

i

where V ¤
i ˆ …log …

P
exp …·V ki†=·† and "¤

I is Gumbel with
zero mean and scale ·. If the scale is set to unity then we
obtain the multinomial logit model.

Pr…y ˆ j† ˆ e jxi

PJ

jˆ1
e j xi

for j ˆ 1 ;2 ; . . . ;J

The above model is based on the concept of cardinal utility.
There are, however, two areas of indeterminacy. First uti-
lity can only be assessed in terms of other products; there is
no agreed base value. Secondly there is no scale. To meet
these problems we normalize on either one particular or
one `average’ product (i.e. give the utility of that product
the base value of zero) and scale the utility measures so that
the stochastic term has a variance (scale) that makes esti-
mation easier.

The assumption that disturbances are independently and
identically distributed introduces an important restriction
in the model known as the independence of irrelevant alter-
natives (IIA) property. `The IIA property holds that for a
speci® c individual the ratio of the choice probabilities of
any two alternatives is entirely una� ected by the systematic
utilities of any other alternatives’ (Ben-Akiva and Lerman,
1985, p. 108). This assumption may, in some instances, lead
to paradoxical results. Under this structural restriction the
cross elasticities of any response l with respect to any of the
independent variables for choice k will be the same for all
l 6ˆ k. The probability of the individual choosing l over k
thus remains constant irrespective of the composition of
the choice set. In marketing for example, a new brand
would draw proportionately equal shares from every exist-
ing brand. The IIA property assumes all brands to be per-
ceived as distinct and independent so that errors in
estimating the utility associated with each alternative
(which could arise for example, from a perception of simi-
larities among the brands unobserved by the model) are not
correlated.
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Unfortunately this is unlikely in the context of geogra-
phically based variables. Unknown factors, such as the
presence of family or friends in an area, will apply to all
sites close to that area. Similarly poor road conditions
make the assumption of independent stochastic terms un-
likely.

A partial solution is to apply a Nested Logit model,
where similar alternatives are clustered together in a man-
ner re¯ ecting their correlated utilities. The nested model
has a hierarchical structure like a tree with branches show-
ing choices among elemental alternatives such as East or
West and twigs representing choices among the various
branches (Glencoe or Nevis Range, Glenshee or The
Lecht).

Figure 3 shows the nest used in our problem. In this case
a change in the price at Nevis Range is assumed to have
more e� ect on Glencoe than on the other centres, whilst a
change at Cairngorm would have equal e� ects on all the
other sites. The equal e� ects simpli® cation is undesirable
although not, we believe, untenable. As with the assump-
tion of the Gumbel, it is simply necessary to allow estima-
tion.

Originally estimation was sequential. First, for a given  ,
the relative utility of the best choice at the base (twig) level
is established. This is termed the inclusive value. This value
(together with any factors that only operate at the branch
level) is then compared to the maximum values from the
other branches and the maximum identi® ed. The probabil-
ity of this choice is then assessed. Again values of  that
maximize the joint probabilities are sought iteratively.

Maximum likelihood techniques now allow nesting up to
4 deep (Greene 1998) and are relatively robust if the model
has been speci® ed correctly. The problem of the IIA is not,
however, completely resolved through the nesting struc-

ture; cross elasticities will still be identical within a branch.
The alternative approach is to drop the assumption of
identical distributions, replacing them with normal distri-
butions with di� erent variances for each choice, and with
errors that may be correlated. However, unless we applied
a priori values to the correlation matrix (equivalent to nest-
ing) we could not ® nd a solution to our ® ve choice prob-
lem. Work presented elsewhere (McFadden, 1984,
Riddington, 1998) suggests that di� erences between this
multinomial probit model and the nested logit would be
slight and possibly more biased. We present here, therefore,
only results from the nested model.

IV. THE DA TA SET A ND MODIFICA TIONS

During February and March 1996, the authors interviewed
a total of 670 adults at the ® ve Scottish ski centres. The
responses of 340 children were gained indirectly through
the responses of the adult in their party. In an attempt to
avoid biased results, all interviews took place over one
weekend day and one (quieter) weekday at each site. The
spread of responses is shown in Table 1. Of the 670 adults
in the sample 62% were male and 38% female. These pro-
portions are in line with those reported in the System Three
(1994) and Mackay (1986) studies. Children were taken to
be individuals with similar characteristics and choice pat-
terns as the adult interviewed.

The utility of a ski centre for an individual skier is deter-
mined by a combination of centre characteristics; snow
cover, type of runs, availability of accommodation and
individual speci® c characteristics , such as, distance between
the site and the individual’ s place of residence and expen-
diture per person per day.

The snow coverage at the site at which interviews took
place on any particular day was known and details of snow
coverage , weather conditions and the number of runs
which were open on those days was kindly provided by
the other ski companies. This allowed a ranking for quality
of snow at the ® ve sites to be calculated. The percentage of

1014 G. Riddington et al.

Fig. 3. Tree structure for ski centre choice

Table 1. The Survey

No. skiers at Skiers Population skier Population
each site in at each site in days at each skier days at each

Sites sample sample (%) site site (%)

Glencoe 212 21 34 000 7
Glenshee 193 19 129 000 26
Cairngorm 254 25 211 000 42
Nevis 218 22 87 000 17
The Lecht 133 13 43 000 8

Total 1010 100 504 000 100

Notes: Skier Day Source: Mackay (1995)
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hard (black and red) runs was calculated from the piste
maps of the ski sites and included as a variable.

The availability of accommodation around the locality
of each ski site was estimated by a simple count of the
number of beds reported to be near each site in Ski
Scotland (1995). This brochure could reasonably be
expected to act as a point of reference for skiers wishing
to make an overnight stop near their chosen ski centre.

The total expenditure of each individual at the site they
visited was known. This ® gure covered all costs that had
been incurred in the area, including price of the tow ticket,
ski hire, tuition, accommodation and food and entertain-
ment. It did not include costs such as petrol purchased
outside the area although this may have been used in
order to go skiing. In addition no cost was placed against
journey time. The distance travelled was used instead and
was simply calculated on the basis of the hometown of the
respondent. It was believed that, for day-trippers , journey
times are of critical importance because they reduce skiing
time and therefore have dis-utility.

The cost that would have been incurred elsewhere was
obviously unknown but it is possible to infer the expected
expenditure by using regression analysis. This was the
method employed by Eymann and Ronning (1997) and
involves relating actual expenditure by individuals at each
site to known costs such as tow prices and local expendi-
ture and characteristics of the individual such as age and
whether they were hiring skis, taking tuition and staying
overnight. These models explained between 44% (Glencoe)
and 68% (Glenshee) of the variance. The characteristics of
the individual was then substituted in the models for those
centres that had not been chosen, and projected expendi-
tures for that individual at that site estimated.

V. EMPIR ICA L R ESULTS

Initially the variables shown in Table 2 were speci® ed in a
simple multinomial logit model. Distance was, surprisingly
found to have both the wrong sign and be insigni® cant and
was initially dropped from the model. The revised model
was then tested for the IIA property using the Hausman
and McFadden (1984) speci® cation test. E� ectively if the

IIA property holds, modelling the system with four or ® ve
choices should yield roughly the same parameter coe� -
cients. In our experience it is di� cult to ® nd situations
when there is little parameter change, even if there is no
reason to suppose correlation of the stochastic terms.
Instead we tend to look for situations of very clear change.
In this case the model showed chi-squared statistics with
signi® cance values > 0.97 suggesting there was a very ser-
ious problem and that a nesting structure ought to be
applied to the model.

The nesting structure chosen was to split the sites into a
West branch which contained Glencoe and Nevis Range ±
the sites on the West coast; an East branch which con-
tained Glenshee and the Lecht ± sites on the Eastern side
of Scotland and a ® nal branch with Cairngorm on its own.
Nesting on a geographical basis was justi® ed by an a priori
belief that unde® ned geographical features would exert
in¯ uence on skier choice. Cairngorm, which is closest to
the sites in the East branch geographically, was kept in a
separate branch on its own. In part this re¯ ects the fact that
Cairngorm, with its dominance of the overnight and long
stay markets would have unknown factors that were very
di� erent from all other sites. It was also believed that a
change at Cairngorm would have a roughly equal e� ect
on all other sites.

This revised speci® cation was again unsatisfactory in
terms of the distance variable. After some discussion it
was suggested that the result re¯ ected the fact that there
existed two markets for skiers, the day trip market where
journey time was critical and the overnight market
where journeys normally took place during the hours of
darkness (Friday nights and Sunday evenings). Two nested
models were then estimated, one for day-tripper and one
for skiers staying overnight in the locality. Not surprisingly
accommodation was totally insigni® cant for day-trippers
whilst distance and snow cover were unimportant for the
overnight market. Table 3 gives the resulting coe� cients
and their z statistics.

Apart from the signs, the coe� cients themselves are dif-
® cult to interpret being dependent upon the scale of the
variable, the normalization and the scale of the utility
measure (which has been chosen to give unit variance).
The Z scores, however, still identify the signi® cance of
the variable and in this case strongly indicate the critical
role of the cost on consumer choice.

It is also di� cult to obtain meaningful ® t statistics. First
we can examine the proportion predicted correctly, the
`count R2 ’ . These have been strongly criticized because
applying a simple constant proportion can apparently
lead to signi® cant explanation. For example in a binary
model with a 50:50 split, a Monkey that always predicted
the same choice would obtain a count R2 of 50%. In this
case however the count R2 values are substantially in excess
of the constants only `Monkey Score’ of 20%. As an alter-
native we can use a Likelihood Ratio or Lagrangian

Modelling ski choice 1015

Table 2. V ariables used in the models

Variable Description

EXPEST Expected expenditure at all sites.
HARD % proportion of ski runs which were hard at

each site
BEDS Amount of accommodation in locality of each

site
COVER Relative quality of snow cover at each site
DISTANCE Distance of site from home of individual
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Multiplier Test to ascertain if there has been a signi® cant
increase in the log likelihood over the constant only (pro-
portions) model. The chi-squared test on the log likelihood
ratio gave highly signi® cant results for both models.
McFadden’ s R2 , (which is e� ectively the LM ratio) is pre-
sented, along with the count R2 , in Table 4. Whilst both
models are signi® cant, the impact of the identi® ed charac-
teristics is much less strong on the weekend market.
Customers staying for the week or weekend would appear
to choose their location some time before the departure
date and on the basis of what might generate a good holi-
day rather than a cost e� ective skiing experience. In con-
trast day-trippers will only travel if there is a good chance
of good skiing.

Tables 5 and 6 give both the own and cross elasticities
derived by applying the models to changes around the
mean values of the parameters and examining the change
in likelihoods. Table 5 clearly distinguishes the di� erent
cost elasticities between day-trippers and weekenders. In
the case of Cairngorm we believe that the true ® gure for

weekenders is probably around zero. Our hypothesis is
that since Aviemore is the only ski centre with recognizable
`apres ski,’ it attracts a younger clientele with little cost
consciousness. The second feature is the very high cross
elasticity between Glencoe and Nevis Range for day-
trippers, which disappears completely for weekenders.
For the latter the sites appear to be largely complementary.

Table 6 shows the suggested e� ect of an increase in
accommodation availability on the choice of a particular
centre. The result for Nevis Range suggests that there is a
clear shortage of appropriate accommodation in the im-
mediate vicinity and that improvements would draw skiers
predominantly from Cairngorm. The Cairngorm result, if it
is anything more than a statistical illusion, possibly indi-
cates an over supply.

For day-trippers the average elasticity for the distance
was low at around 0.2. This is a relatively surprising and
important result as the outstanding characteristic of the
next projected ski centre at Drumochter is its closeness to
the central belt.

The only choice where range and di� culty of the site is
important is Nevis Range, where the model predicts that an
increase in the number of di� cult runs would signi® cantly
increase the likelihood of a skier choosing the centre. The
cross elasticity indicates that the extra skiers would predo-
minantly come from Glencoe. Interestingly, after the sur-
veys which underlie this work, were undertaken, Nevis
Range opened a new area of di� cult runs.

1016 G. Riddington et al.

Table 3. Coe� cients and Z statistics of the two models

Day trippers Weekenders

Factor Coe� cient Z statistic Coe� cient Z statistic

Cost (expest) 70.149 11.48 70.0203 7.64
Di� culty 0.017 3.28 0.003 0.06
Accommodation ± ± 0.0024 4.81
Snow cover 71.17 6.04 ± ±
Distance 70.0019 0.56 ± ±

Table 4. Measures of goodness of ® t

Count R2 McFadden’s R2

Day tripper 49.7% 16.7%
Weekender 35.5% 0.49%

Table 5. Cost elasticities

From\To Cairngorm Nevis Range Glencoe Glenshee The Lecht

Cairngorm Day 71.353 0.367 0.367 0.367 0.367
Ont 0.372 70.21 70.21 70.21 70.21

Nevis Range Day 0.390 73.76 2.14 0.392 0.392
Ont 0.321 71.116 0 0.321 0.321

Glencoe Day 0.411 2.246 73.24 0.411 0.411
Ont 0.199 0 71.07 0.199 0.199

Glenshee Day 0.22 0.22 0.22 74.126 1.051
Ont 0.087 0.087 0.087 70.544 0.415

The Lecht Day 0.317 0.317 0.317 1.737 72.285
Ont 0.049 0.049 0.049 0.235 70.626

Notes: Ont represents those who are staying overnight.
Own Price elasticity is in bold font.
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VI. CONCLUSION

When undertaking new projects most analysts tend to use
the stated preferences of consumers. As is well known
stated preferences always overstate the e� ect of a change,
for example many individuals would seriously believe (and
state) that they would go skiing if prices were lower and
slopes closer to their homes. In reality, however, existing
social and recreational patterns would act as a strong but
unrecognized deterrent and there would be substantially
less change than predicted. The alternative therefore is to
examine the revealed preferences and try to model their
choices in the past. As this paper shows this is possible
but is by no means an easy task.

The results presented here almost certainly underesti-
mate change, largely because of sample bias discussed in
Section III. In the models we assume that the parameter
linking utility and journey time is constant for all individ-
uals with individual variations from the mean being part of
the stochastic term. Since those who place least cost on
journey time will be sampled at the sites furthest away,
the stochastic term will be correlated with the distance
which will, in turn, bias the coe� cient downwards. A simi-
lar e� ect is apparent with price elasticity where the least
price conscious will be sampled at the location with the
highest prices.

How useful, then, are these models and results? Choice
modelling is undoubtedly complex and often makes suspect
assumptions. It tries to extract cardinal values from ordinal
data, and place values on the subjective assessments of
individuals. Econometrically it is probably subject to sig-
ni® cant downward bias. This paper shows, however that,
despite these caveats, valuable information can be
obtained. First, in general terms, the models act as an im-
portant counterbalance to stated preference. Secondly in
this case they do reveal quite vividly the importance of
cost to the day-tripper and the signi® cant competition
that does exist between centres (suggesting the sense in
pursuing strategies that tie individuals to a centre).
Finally they do provide site owners and local development
agencies with guides to the most e� ective development stra-
tegies.

As computing power expands and data-bases increase in
number, we are convinced that this type of modelling will

become increasingly important. This work shows that
choice models are possible and useful for a product as
unique as Skiing.
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