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Abstract: The economic assessment of non-marketed resources (i.e., cultural heritage) can be
developed with stated or revealed preference methods. Travel cost method (TCM) is based on
the demand theory and assumes that the demand for a recreational site is inversely related to the
travel costs that a certain visitor must face to enjoy it. Its application requires data about the tourist’s
origin. This work aims to analyze the economic value of the National Museum and Research Center
of Altamira, which was created to research, conserve, and broadcast the Cave of Altamira (UNESCO
World Heritage Site since 1985). It includes an accurate replica known as the “Neocave”. Two different
TCM approaches have been applied to obtain the demand curve of the museum, which is a powerful
tool that helps to assess past and future investments. It has also provided the annual economic value
estimate of the National Museum and Research Center of Altamira, which varies between 4.75 and
8.00 million € per year.
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1. Introduction

When managing a cultural resource (i.e., a museum, a heritage asset, a historic venue . . . ), it is
necessary to know its value in order to give visibility and assist in management decision making. The
economic valuation of non-marketed resources (as the previously enlisted) can be developed from
two different approaches: stated and revealed preference methods. In the former, individuals are
asked to give a value (defined by their willingness to pay, WTP) for the resource. Methodologies
such as contingent valuation or choice modelling are applied. Revealed preference methods are based
on observed behaviors and indirectly obtained data. These two approaches usually return different
estimates, and several studies have tried to find an explainable relationship [1–3].

In 1947, Harold Hotelling proposed a method to link travel costs faced by visitors to a natural
area and its economic value, trying to solve an enquiry by the US National Park Authority to assess
the economic value of natural heritage. With further development [4,5], travel cost method (TCM) has
been widely applied to areas with strong recreational uses (lakes, beaches, forests, etc.). This work
aims to assess the economic value of the Museum of Altamira with the application of the TCM.

The museum was created to research, broadcast and preserve the Cave of Altamira, which is on a
hill in Santillana del Mar (Cantabria, Spain, Figure 1), at depths ranging between 3 m and 22 m. Its only
known entrance (153 m a.s.l.) has been closed. It is hosted in a Cenomanian limestone succession [6].
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The Polychromes Chamber is 60 m away from the entrance, at a lower level. The cave was generated
by rock falls and gravitational collapses [7].
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Figure 1. Location of the Cave of Altamira.

The cave was discovered around 1875 by Modesto Cubillas, who notified it to Marcelino Sanz de
Sautuola. After attending the International Exposition Universelle, Sanz de Sautuola reproduced the
French campaigns in Altamira. Her daughter Maria discovered the famous bison [8]. He presented
them as Palaeolithic art [9], and received a discredit that would last until 1897, when the Société
d’Anthropologie de Paris accepted other decorated caves.

Eight levels of human occupation, from the Late Gravettian to the Middle Magdalenian, have been
identified at the entrance hall. The art corresponds to a wide time span and different stages
(35,559–15,204 cal BP). The uranium-series dating of the calcite that covers some graphics at the
polychrome chamber shows that they belong, at least, to the Aurignacian period [10]. 13,000 years
ago, a collapse closed the cave [7]. Other rock falls occurred in 1924 and 1930 [11]. To avoid further
affections, hidden walls and pillars were constructed.

In 1955, more than 50,000 people visited the cave. Experts advised a reduction, but politicians
considered it a menace for tourism [12]. 177,000 people visited the cave in 1973 [13]. This inflow
would have erased the paintings due to variations in moisture and temperature. After an evaluation
by researchers, the cave was closed in 1977 [14]. In 1978, the Ministry of Culture became its holder.
In 1979, the National Museum and Research Center of Altamira was created, and a study to regulate
the tourism activity within the cave started. The negative influence of this closure on tourism was
discussed, and a concern about the necessity of a replica arose.

The cave was opened in 1982 under strict standards. It was inscribed in the UNESCO World
Heritage List as a cultural site in 1985. The replica of Lascaux Cave stirred requests for an alternative in
1983. The recovery of tourism reduced the social pressure by 1991, and the project evolved towards the
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aims of the museum. The construction of the replica started in 1997, and the new Museum of Altamira
(Figure 2) was inaugurated in 2001.
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Heritage Committee about Altamira dates from October 2014. It indicates that visits are a risk factor, 
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Figure 2. National Museum and Research Center of Altamira. (a) External view; (b) Exhibition area. (c)
Neocave; (d) Detail of the ceiling of the Neocave.

The complex has a total built surface of 6748 m2. It hosts the Neocave, which reproduces the
former appearance of the cave. The IGN (National Geographic Institute of Spain) obtained the volume
of the cave and an accurate definition of the polychrome ceiling [15]. The latter was surveyed with
terrestrial photogrammetry [16]. A *.tiff file of 80 Mb and 140 million pixels was obtained [17]. An exact
physical model of 200 m2 was carved in blocks of expanded polyurethane [18]. After applying actual
textures with wax patterns, drawing each crack or animal, and carving them, it was cut into pieces
to obtain molds. They were filled with mortar (80% limestone, agglutinant, ochre pigments, and
a fireproofing agent). Each drawing was represented on the final model with the same process,
positions, and materials. Even concretions were reproduced. Coatings preserve the paintings and
simulate moisture.

The museum includes exhibitions [19], multiple use rooms, an assembly hall, a cafe–restaurant,
and a shop. It implied direct advantages for the conservation of the cave: the buffer area reached 16 Ha.
The total cost was estimated to be 14.4 million € [20].

In 2002, the cave was closed to update the studies on conservation. No voices arose against this
closure. In January 2014, the Altamira board approved experimental visits [21] within the Research
"Program for the Preventive Conservation and the Regime of Access to the Cave of Altamira” [22].
It implied the access during 37 min of two guides and five visitors drawn by lot each week to assess
their impact. The study found no negative influence due to human presence. In March 2015, the board
continued this regime within the preventive conservation [23]. However, controversy arose, as other
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experts [24] consider that visits can damage the art [25]. The most recent periodic report of World
Heritage Committee about Altamira dates from October 2014. It indicates that visits are a risk factor,
but they are controlled to avoid alterations [26].

2. Materials and Methods

TCM is a revealed preference method [27] which tries to relate the costs of recreational activities
and the characteristics of the resource. It is based on the demand theory and assumes that the demand
for a site is inversely related to travel costs [28]. TCM can comprise a wide range of parameters,
including the monetary values of fuel, entrance fees, and travel time. The rent and other socioeconomic
variables can be also considered in the analysis as dependent variable.

Following the utility maximization framework, the optimization problem presented in TCM can
be described as

Max U(q, I, z); subject to TC·q + z = I, (1)

where, U represents utility obtained from consuming a quantity of a good q; I is income; z stands for
the consumption of other goods; and TC are the travel costs.

From (1), the Marshallian demand for a site is

R = f(q, TC, z, I), (2)

Consumer surplus (CS) is the difference between the total amount that consumers are willing
and able to pay for a good or service and the total amount that they actually pay, so it can be used as
a measure of the visitors’ net benefit. CS can be estimated as the area below the demand curve and
above the price line [29], which can be also obtained by the integration of Equation (2).

TCM can be classified into three different categories:

1. The individual travel cost method (ITCM) seeks the relationship between the number of trips
taken by the same individual, and the travel costs incurred when reaching the destination.

2. Zonal travel cost method (ZTCM) analyzes the relationship between the number of trips to the
site in relation to the population of a zone and the travel costs.

3. The random utility model (RUM) combines a TCM and a contingent valuation to determine the
number of trips to a site among a set of possibilities.

RUM aims at determining how the several attributes of different sites affect visitor’s decision
process and allows quantifying these characteristics. However, it also requires specific surveys to
ask visitors about a valuation of the site attributes. Therefore, the required questionnaire is more
complex and longer. ITCM is suitable for recurrent visits to a site and provides more information
about individual behaviors, while ZTCM fits better when repeated visits are scarce [1,30], and requires
visitors’ origins and travel costs, which can be surveyed at the entrance of the resource. For a detailed
analysis of the limitations, requirements, and difficulties in the application of TCM see [30,31].

This coexistence of multiple applications with different data requirements has increased TCM
popularity for the valuation of environmental areas [30–34] or cultural heritage [35–37]. In Spain,
TCM has been applied to natural areas [38–40], environmental damage [41], cultural heritage [42] and
geological assets [43].

In this paper, both an ITCM and a ZTCM will be applied. This dual approach will allow
comparison of the obtained results.

2.1. Individual Travel Cost

The individual travel cost method is based on the premise that the number of visits a given user
makes to a cultural site is a function of the total cost of the trip and other possible variables that
contribute to explain the user’s behavior. As with any demand function, an inverse relationship is
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established between demand quantity and price, so that for higher travel costs, the demand is lower.
For a given visitor, the demand of visits to a site follows the expression

Vi = f(TCi, Xi) + εi, (3)

where Vi is the number of visits the user makes to a site in a given period of time; TCi is the total cost
of travel to the site; Xi is a vector of additional features including income, age, or gender; and εi is an
error term. The concept of total cost includes travel costs, entry costs, and other possible additional
costs (such as time).

When estimating the previous function, the number of visits (Vi) cannot take continuous values
(only integer values), so the use of a regression with ordinary least squares (OLS) can lead to errors
of inconsistency and inefficiency [44]. The simplest solution is to use a regression model based on a
Poisson distribution [45].

The Poisson distribution meets the assumption that the average number of visits is the same
as the variance. When this situation is not met, and the data show a greater dispersion (common in
practice), the use of negative binomial (NB) distributions can be an alternative. NB models introduce
an error term into the hypothesis above mentioned of equality of mean and variance, allowing the
consideration of unobserved systematic differences [46].

Another common issue when dealing with ITCM results from the data obtention in two different
ways. Firstly, only visitors to the site are surveyed, so only Vi > 0 are observed. Secondly, the sample
presents endogenous stratification, as the probability of being sampled is affected by the number of
visits made [47–49]. These problems can be solved using a zero-truncated distribution.

In all cases, considering the mentioned distributions, Equation (3) can be transformed into

logVi = β0 + βTCTCi + βXXi, (4)

Once the function setting parameters have been estimated, and assuming that the coefficient on
TC is representative of cost trade-offs [50], the consumer’s surplus (CS) can be obtained as [45,51–53]

CS = −1/βTC, (5)

Confidence intervals for the 95% confidence level can be constructed as [31]

CSL = −1/[βTC + 1.96(se βTC)]; CSu = −1/[βTC − 1.96(se βTC)], (6)

The aggregation of this CS for all visitors to the site for a period of one year can obtain the annual
economic value of the site.

2.2. Zonal Travel Cost

In the zonal travel cost method, visitors to the cultural site are grouped according to the distance
travelled for the enjoyment of the site. In this case, the dependent variable is the number of visitors
over the population of the area considered to make the grouping. In its earliest versions, Clawson &
Knetsch [4,5] proposed the use of concentric zones around the site under analysis, but recent studies
suggest the possibility of using population-based, geographic, or even administrative boundaries.
Different studies provide arguments for or against the use of either approach [30,41,54].

The demand function of the site is therefore

Vi/Pi = f(TCi, Xi) + εi, (7)

where Vi is the number of visits from zone i to the site in a given period of time; Pi is the total
population of zone i; TCi is the total cost of travel to the site; Xi is a vector of additional features
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including income, age, or gender; and εi is an error term. The concept of total cost includes travel costs,
entry costs, and other possible additional costs (such as time) again.

If the percentage of visits over the total population is calculated, as many points could be obtained
as areas are designed. The adjustment of these points will again allow the obtention of the demand
function of the site under study. This adjustment supports several functional forms, in which linear,
semilogarithmic, or logarithmic forms are combined, so a study comparing the possible adjustments
and results obtained is often recommended.

The consumer surplus is then obtained from the area under the demand curve, which is calculated
by integrating the demand curve from the minimum price (normally equal to the entrance fee if it
exists) to the maximum price where demand is zero [55].

2.3. Available Data and Working Hypothesis

In 2013, the University of Santiago and the Spanish National Research Council (CSIC) estimated
the impact of the Museum of Altamira in the regional economy [56]. 1067 visitors were asked about
their visit and origin between August 2013 and February 2014. This microdata is available on the CSIC
website. The places of origin of the visitors to the Museum of Altamira is the basic input for this work.

To apply the zonal TCM to this site, several steps were followed. Spain was divided into
52 zones, according to the administrative provinces (NUTS Level 3). Only national mainland visitors
were considered.

For both TCM applications, the distances between the capital of each province, Santander (capital
of Cantabria), and the Museum of Altamira were obtained with Google Maps. They were used to
distinguish between visitors who can perform a one-day visit to Altamira and those that must stay
overnight. The limit distance for the return trip was set on 225 km, based on average travel and visiting
times, and a maximum return trip of 8 h. For zones with distances from their capital to the museum
higher than 225 km, displacement costs have been passed on to the average duration of a visit to
Cantabria [57].

Another relevant methodological problem in TCM applications is the incidence of substitutes
and multi-purpose or multi-sites visits [54,58]. These issues can bias obtained CS. In this study, the
Museum of Altamira is considered as a major attraction due to its classification as a World Heritage
Site by UNESCO, which can lead to the assumption that visiting the museum is the main purpose of
the trip. Therefore, the total travel costs are passed on the visit. Although other sites can be visited
during that day, all costs are allocated to the museum.

The travel cost was calculated for each region based on these assumptions. Table 1 shows the
values for other parameters applied.

Table 1. Parameters used for the calculation of travel costs.

Parameter Value

Average speed 100 km/h
Car consumption 0.065 €/km

Other car expenses 0.050 €/km
Time cost 10 €/h = 0.100 €/km

Entrance fee 3 €

There is a great agreement in the literature on the need to consider opportunity costs when
valuating travel time [52,59–61], and the determination of an appropriate value for doing this has
been studied in depth. Following HEATCO recommendations for recreational road trips in the
EU [62], the proposed value for time was 10 €/h. This value and those summarized in Table 1
could be considered conservative, but a major agreement about the economic valuation of time is a
common challenge.
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Average rent data of each region (from the National Statistics Institute of Spain, INE) were applied.
TCM can use this information, the estimation of visits from each region and the associated costs to
obtain the demand curve and an economic value estimation for the museum.

3. Results

3.1. Individual Travel Cost

As there are no theoretical preferences for choosing one functional form over another, different
approaches (linear, log–linear, linear–log, log–log) were estimated and tested. Finally, the following
model was proposed to estimate the demand function (see Table 2 for the definition of the variables)

Vi = exp[β0 + βTCTCi + βAGEAGEi + βGENDERGENDERi + βEDUCEDUCi + βLABOLABOi + βINCOINCOi], (8)

The dependent variable Vi (visits to Altamira) presents a mean of 1.244, a variance of 0.617, and
a standard deviation of 0.785, suggesting a lack of overdispersion. To contrast the effects of using a
Poisson or a Negative Binomial regression, both models were obtained by using zero-truncated
distributions, with no appreciable results between both situations, so a Poisson regression was
finally selected.

The results of the demand model are presented in Table 2.

Table 2. Parameters used for the calculation of travel costs (ITCM).

Variable Coefficient Standard Error

Constant 0.774783 0.432031
Travel cost (TC) −0.031299 *** 0.002810

Age (AGE) 0.011288 * 0.005475
Gender (GENDER) −0.176996 0.132768
Education (EDUC) −0.057772 0.072726

Labor situation (LABO) 0.063141 0.052895
Income (INCO) −0.042843 0.048324

Number of observations 833
Log-likelihood −521.6198

Signif. codes: * p < 0.05; ** p < 0.01; *** p < 0.001.

The TC estimate is highly significant and negative, confirming the premise that the
number of visits decreases as the cost of travel increases. The remaining variables are not
statistically representative.

Using the obtained estimate for TC variable in Equation (8), CS per visitor and visit is obtained

CS per visit = −1/βTC = −1/−0.031299 = 31.95 euros, (9)

5 and 95 percent confident intervals are also estimated, obtaining that CS can range from 27.16 to
38.77 euros per visit.

The number of visitors to the Museum of Altamira in 2012 was 256,227. Multiplying this value by
the CS, an annual economic value of 8.18 million euros is obtained, with a 95% confidence interval
ranging from 6.95 to 9.93 million euros.

3.2. Zonal Travel Cost

To obtain the demand function, the data from visitation rates, travel costs, and average income for
all the zones were tested using different regression models: linear, log–linear, linear–log, and log–log.
Results are shown in Table 3. All regression models tested were highly significant, as their p-values
indicate. ITCM determines that no relevant statistical information is provided by socioeconomic data.
Given that the adjustment is better, the linear–log model without income is considered as the most
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valuable alternative, and it is finally applied to obtain a regression without taking into account the
income variable.

Table 3. Parameters used for the calculation of travel costs (ZTCM).

Variable Linear Log–Linear Linear–Log Log–Log Linear–Log without Income

Constant
0.008679 * −5.234 *** 0.00666 −11.6254 * 0.036916 ***
(0.003.860) (0.5745) (0.0253935) (4.4411) (0.003596)

Travel cost
−0.0001134 *** −0.01873 *** −0.00728 *** −0.9937 *** −0.007766 ***

(0.00002261) (0.003365) (0.0009607) (0.1680) (0.000876)

Income
0.0000002694 0.000006783 * 0.00296 1.0703 * -

(0.0000002123) (0.00003159) (0.0024650) (0.4311)

Adjusted R2 0.4585 0.5508 0.6135 0.5779 0.6278

Log likelihood 207.972 −27.1612 217.0174 −25.6986 216.2563

F-statistic 20.47 29.2 40.41 32.49 78.59

p-value 5.192 × 10−7 8.508 × 10−9 1.091 × 10−10 2.164 × 10−9 1.967× 10−11

Signif. codes: * p < 0.05; ** p < 0.01; *** p < 0.001.

For the estimation of the consumer surplus, the Chotikapanich and Griffiths [55] methodology is
followed. The CS is obtained through the integration of the demand function for each zone.

Vi/Pi = 0.036916 − 0.007766ln(TCi), (10)

Vi = Pi(0.036916 − 0.007766ln(TCi)), (11)

CSi =
∫ TCmax

TCmin
Pi(0.036916 − 0.007766 ln(TCi)) (12)

CSi = Pi(0.036916TCi−0.07766(TCiln(TCi) − TCi)) (13)

To obtain the total CS, all the zonal estimates are added, which implies a surplus of 4.75 million
euros per annum. This value represents an 18.55 euros surplus per visitor.

A 95% confidence interval is calculated using Equation (14), as proposed in [55].

var
(

ĈS
)
=

(
δ(CS)
δβ0

)2
var
(
β̂0

)
+

(
δ(CS)
δβTC

)2
var
(
β̂TC

)
+ 2
(
δ(CS)
δβ0

)(
δ(CS)
δβTC

)
cov
(
β̂0, β̂TC

)
(14)

The resulting confidence interval varies total economic surplus from −48.97 to 58.47 million euros
per annum, and −191.11 to 228.19 euros per visitor. Possible caveats in the interpretation of the results
are evident if the confidence intervals are observed. They are wide and include negative values which
can be explained due to the lack of more valuable data or the inherent uncertainty of the process
followed, but this fact is considered as a common situation in numerous studies [30,31,55,63].

4. Discussion

The obtention of a demand curve, as the one determined for the Museum of Altamira, is useful to
set management strategies. It allows foreseeing the effect of changes in ticket prices on visitors. It can
be applied on the optimization of marketing actions, with different pricing policies or advertising
campaigns targeted at zones which are likely to provide visitors. The estimation of an economic value of
the museum allows communicating in a simple and comprehensible way the cultural service provided.

There is little consensus in the literature about which method (individual or zonal) produces
better results [31]. The findings from this study show the difficulty to obtain a consistent result when
applying TCM, both in its individual and zonal approaches.

Although both approaches produce statistically significant results (there is high correlation
between the number of trips demanded and the travel costs), the results of the consumer surplus
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provided by both approaches can be considered as significantly different (31.95 versus 18.55 euros
per visitor), especially in the case of the ZTCM, whose confidence interval presents a dispersion that
shows the uncertainty that exists in the method.

Results confirm those obtained by previous studies, which highlight the high dependence on the
outputs provided by the TCM, according to the approach used, the variables considered or the function
of the demand curve. All these alternatives translate into multiple combinations that, in practice, result
in different methodologies that can produce very different outcomes with high variability.

Regarding the coefficient estimates, the travel cost coefficient obtained both for ITCM and ZTCM
is negative, as a priori expected, and it is consistent with the demand theory. This means that, the higher
the travel costs, the lower the visits to the museum. Other variables different to travel costs seem to be
no representative, so the age, income, or education do not affect the demand function.

The elasticity of the demand curve provides information about the visitor’s behavior when facing
changes in costs. The travel cost elasticity, which is evaluated at variable mean, 63.81 euros, and with
an average rent of 14,418 euros—Spanish average—is −2.02. An increase of 1% in the total travel costs
is translated into a 2% decrease in the visitation ratio. This indicates that the demand for the museum
is elastic: changes in travel cost will affect the total revenue in an important manner. This suggests that
if the aim is to promote the number of visitors to the museum, a reduction in total travel costs must be
the objective, which can be reached by different ways (such as reducing travel costs, travel time, or
entrance fees).

Visitor surplus average is approximately 0.17% of the average annual income in Spain, a value
that differs slightly from the national authorities’ expenditure on culture (0.44% of GDP) [64].

This estimation of the CS cannot be directly compared to those obtained in other studies, as there
are a set of important differences between the assumptions, data gathering, location, socioeconomic
characteristics, etc. that affect the obtained results in an important way. Nevertheless, the CS as well
as the demand functions obtained should be useful for policy makers and managers to identify how
visitors to the museum could react when changes in their travel costs appear.

5. Conclusions

The management of a UNESCO world heritage site is a complicated task. The evaluation of the
different options that are presented when facing the conservation and management problems of the
asset can be better understood if the positive and negative aspects of each alternative are known, as
well as their costs and benefits.

The purpose of this paper was twofold: firstly, the application of the TCM to obtain a demand
curve and an economic value estimate for the National Museum and Research Center of Altamira;
secondly, the comparison of two different approaches to obtain the previous objective and identify
mechanisms for optimizing management.

This study demonstrates the applicability of both TCM methods (individual and zonal) to estimate
the cultural value of a worldwide known site. The National Museum and Research Center of Altamira
provides different services to the cave and to society. It helps to research, disseminate, and preserve
the cave. It contributes to capitalizing and providing new uses to previous investments or initiatives.
Finally, it is a major international tourism site. Only the latter source has been considered to estimate
its total economic value. In addition to other advantages, the availability of this estimation allows the
assessment of past and future investments in the Museum of Altamira.

The development of a simple survey among the visitors to the resource provides all the data
required for the TCM. This fact highlights the ease to replicate the method in other non-marketed
resources. The importance of its application relies on the usefulness of the demand curve in all
management processes related to the resource (pricing policy, marketing, maintenance, or long-term
investments on the site).

Considering the case of the Museum of Altamira, the demand curve has served to study tourists’
behavior when the travel costs to reach the resource changes. It is now possible to predict how the
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number of visitors is expected to vary when changes in the tickets or in the transportation network
costs happen. It has been found through price elasticity of demand estimates that visitors to the
Museum of Altamira are slightly responsive to price changes, which turns increases in total travel
costs into a reduction in the visitation rate.

A by-product of this work is the estimate value of the Museum of Altamira. As TCM depends on
the parameters, a wide range of variation of the value has been provided. This estimate only reflects
the visitor’s assessment in terms of tourism value of the recreational and cultural services or amenity
value, regardless the cultural value of the museum or the cave, which is, without doubt, priceless,
and does not include external indirect effects on the tourism sector.

Future studies could mix the obtained results with other valuation methodologies such as hedonic
prices, contingent valuation, or choice experiments to complete the assessment of visitors’ decisions.
A sensitivity analysis of all the possible decisions on TCM application (variables considered, functional
forms) can be also useful to clarify how all these options affect results. The obtained economic value
can be jointly used with the managing costs of the site in a possible cost–benefit analysis which should
allow obtaining a total estimate of the museum benefits.
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