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Estimating the economic value of viewing griffon vultures Gyps fulvus:
a Travel Cost Model study at Gamla Nature Reserve, Israel

Nir Becker, Moshe Inbar, Ofer Bahat, Yael Choresh, Gil Ben-Noon and Omer Yaffe

economic value of Gamla to the visiting public is
approximately five times higher than the current reve-
nue, and 85% of the visitors to Gamla came to view
vultures. This information can be used to estimate the
benefits of further investment in Gamla Nature Reserve,
to price this site according to demand if there are budget
limits, and in particular to invest in the protection of
vultures and other threatened species.
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Abstract The proper valuation of non-market environ-
mental commodities such as wildlife viewing has signifi-
cant policy implications. We implemented the Travel
Cost Method (TCM) to estimate the value of viewing
threatened Eurasian griffon vulture Gyps fulvus by the
public at Gamla Nature Reserve, northern Israel. We
used the zonal TCM, where concentric zones were
defined around the site such that the cost of travel from
all points in a given zone was approximately constant.
We generated a visit-distance function and used it, based
on 143 questionnaires, to derive the demand function for
the site from which a monetary value could be estimated.
The potential annual benefit of Gamla was estimated to
be NIS 5.5–6.0 million (USD 1.1–1.2 million). The annual

Introduction

The proper valuation of non-market environmental com-
modities, such as the recreation value of wildlife viewing
or of a site such as a nature reserve, has significant policy
implications. Until recently such commodities have
been assigned zero or low values due to the difficulties
involved in assigning economic value. Failure to pro-
perly account for the values of some environmental
resources, however, has resulted in decisions that have
had negative implications for the environment and for

society. In the last 3 decades valuation studies have been
carried out to put a price tag on resources such as parks
and endangered species (Garrod & Willis, 2001).

In this study we used the Travel Cost Method (TCM)
to estimate the use value of viewing vultures in their
natural habitat. Our purpose is to present policy makers
with an estimate of the value of Gamla Nature Reserve,
Israel, to the visiting public, with an emphasis on view-
ing and protecting the Eurasian griffon vulture Gyps
fulvus. If the results indicate that benefits outweigh costs,
the study will serve as an indicator of the need to further
invest in protecting this species. This value is a lower
limit, as the site also has non-use values that were not
measured in this study.

The Eurasian griffon vulture

The Eurasian griffon vulture is a threatened species
throughout its breeding range except on the Iberian Pen-
insula, which contains the majority of the global popula-
tion (Mundy et al., 1992). Although it is not on the
IUCN Red List (IUCN, 2004), the species is categorized
as Vulnerable in Israel (Pervolotsky & Dolev, 2002). The
griffon vulture is an obligatory scavenger now depen-
dent mostly on domestic ungulates; it was once abundant
in Israel (Tristram, 1885) but, despite being protected by
law, its population declined dramatically since the 1970s
due to the large-scale use of pesticides. Declines often
happen when birds ingest prey that were the intended
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target of pesticides, and subsequently die of secondary
toxicosis (Shlosberg, 2001). There are also other con-
servation problems, most of them human-related
(Mendelssohn & Leshem, 1983). At present, the Israeli
population of this species is restricted to four areas: the
Golan and Galilee in the north, and the Judean and
Negev deserts in the south. The breeding population
comprises 100–140 pairs and the total number of indi-
viduals is 300–460 (O. Bahat, unpubl. data). Conserva-
tion efforts include annual censuses of breeding pairs,
supplementary feeding stations, ringing and radio track-
ing of nestlings and adult birds, a captive breeding and
reintroduction programme, directing publicity towards
hunters and farmers, a joint working programme with
the Israel Electric Company to minimize electrocutions
and with the Israeli Air Force to prevent collisions
between birds and aircraft. These efforts are constantly
being reviewed, especially in times of budget limitations
and when there is a need to establish whether these mea-
sures are in accordance with public preferences. Griffon
vultures are majestic birds with a 2.8 m wingspan, often
seen soaring above the cliffs of their breeding colony, and
visitors to Gamla spend a lot of time at the observatory
viewing and photographing vultures.

The Travel Cost Method

The Travel Cost Method was first suggested by Harold
Hotelling in the late 1940s (Kolstad, 2000). The US
National Park Service solicited advice from economists
on methods for quantifying the value of specific park
properties. The purpose was to show that parks and
other outdoor recreation sites have benefits higher than
the cost of protecting them using taxpayers’ money.
Hotteling designed the idea of travel cost as a reflection
of the value visitors place on a park. The method has been
frequently used, especially in the late 1960s (Clawson &
Knetch, 1966), mainly to value the recreational benefits
of a park but also used for other purposes such as valuing
clean air, water and wetlands (Ward & Beal, 2000).

Navrud & Mungatana (1994) used TCM to estimate
the value of preserving the current flamingo population
in Lake Nakuru National Park in Kenya, with respon-
dents asked what percentage of their time in the Park was
spent viewing and photographing flamingos. The annual
recreational value of wildlife viewing in the Park was
found to be USD 1.5–7.5 million, with the flamingos
accounting for more than one-third of this. In 1991 Kenya
Wildlife Service’s total revenue from entrance fees, royal-
ties from hotels and lodges and camping fees was
c. 5–10% of the observed recreational value, i.e. the Park
had a much larger economic potential than was actually
realized. Protecting the flamingos contributes both to
nature conservation and financially to the social welfare
of the country.

Brown (1993) used TCM to estimate the benefit
derived from safaris in Kenya, and from that calculated
the value of viewing elephants that was over and above
the travel costs. We used the same model in our study,
while trying to extract the viewing value of vultures by
asking visitors to rank the different attributes of Gamla.
In Kenya it was found that viewing elephants was
the source of 12.6% of the total value of a trip. Applying
that share to the estimated economic value of safaris
yielded a viewing value for elephants of USD 23–27 mil-
lion per year. By demonstrating the economic loss associ-
ated with declines in elephant populations the results
were used to marshal the resources necessary to reduce
poaching.

The basic underlying assumption of TCM is that the
costs an individual incurs in visiting a site reflects a
lower limit of the person’s valuation of the site. The
recreational value of a park is indicated by how many
people travel how far to visit it, because the cost of travel
is effectively the cost of a visit. By asking visitors ques-
tions relating to where they have travelled from and the
costs they have incurred, a distance-visit function can
be estimated. A demand curve for the park can then be
generated by hypothetically raising the cost of the visit
and finding out how this affects total visits to the park.
This is done by using the distance-visit function. The
curve fitted to this function is downward sloping, with
admission price or apparent travel cost inversely related
to number of visits As the travel cost is raised only those
living nearest the site would still find it relevant to visit.
The information requested in a TCM survey includes
travel costs (petrol, food and other travel-related
expenses, time spent travelling to the site and time
spent on site), entrance fee, alternative sites on that trip,
personal motivation and socio-economic characteristics
(Ward & Beal, 2000).

There are two forms of TCM, the Zonal Travel Cost
Method (ZTCM) and the Individual Travel Cost Method
(ITCM). In the ZTCM, concentric zones are defined
around a site such that the cost of travel from all points
in a given zone is approximately constant. Visitors to
the park are grouped according to their zone of origin.
By comparing the cost of coming from a zone with the
number of people who come from it and the population
of that zone, one can plot a point for each zone. A
function can then be fitted to generate the distance-visit
function Vh/Nh= f(Ch,Xh), where Vh=number of visits
from zone h, Nh=population of zone h, Ch= travel
cost from zone h, and Xh= a vector of socio-economic
variables.

Socio-economic variables are used to control for other
motivations to visit the site, such as education and
income. However, if these characteristics are the same
over all zones then a hypothetical price rise will affect
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visitation only through the cost component and its
associated coefficient.

This function can be used to calculate the effect of rais-
ing the price on the total number of visits. By repeatedly
raising the price, the demand function to the site can be
obtained. As the demand function represents the mar-
ginal willingness to pay for the good (i.e. how much one
is willing to pay for an additional unit of that good), the
total benefit can be obtained by integrating the function.
This is especially so when the entrance to the park is free,
in which case the total benefit of the park is simply the
area under the demand curve (Hacket, 2000). The ITCM
is usually better suited for the valuation of natural parks
but it requires information about the number of visits to
the given site (Hacket, 2000; Lansdell & Gangadharan,
2003). Implementing the ITCM requires a large sample
of visitors that vary in their visitation rate, and as most
people visiting Gamla do so only once or twice per year,
we used the ZTCM.

Two types of travel costs need to be taken into account:
(1) the cost of driving, and (2) the opportunity cost of
the time spent on the way to and from the site plus the
time spent at the site. Opportunity cost of time is usually
measured by the monetary value of what an individual
could have been doing with this time, often measured by
a fraction of the individual’s salary.

Calculations

We divided the country into 10 concentric zones of 30 km
intervals. The questionnaires were grouped according
to the concentric zones, from the nearest to the furthest.
The travel cost was calculated per questionnaire as

PC * km TV * h

N
( ) ( )









+
a , where PC=petrol cost per km,

km=number of kilometres, TV= cost of time per hour
according to the individual’s income, h=hours,
N=number of adults in the car, and a= visit time to the
site as a fraction of the total time of the trip. We calculated
an average travel cost for each zone based on the visitors
in the sample. The final result was travel cost per capita
per questionnaire.

We summed the visits per zone and calculated their
ratio in the sample. We then multiplied that ratio by
the total number of visits per year to Gamla (Gamla,
2000) to obtain the estimated number of visits from that
zone, assuming that visitors to Gamla have the same
zonal distribution as the visitors in the sample. We
divided the calculated visitors per zone by the popula-
tion size of the zone to give visits per capita per zone. A
regression of this versus average travel cost from each
zone gave the distance- visit function VpC= a+ b(TC),
where VpC= visits per capita, a, b= coefficients to be
estimated, and TC= travel cost.

The distance-visit function can be used to derive the
demand function for the site. This is done by increasing
the admission price repeatedly and obtaining a predicted
number of visits for each zone at the new admission
price; the original admission price is usually zero or the
actual admission price to the site if there is one. The
demand function is derived by regressing the different
admission prices on the total number of visits to the site:
V= a+ bP, where V= visits, a , b= coefficients to be
estimated, and P=price.

The last step is to integrate the demand function to get

the benefit of the site. This is given by V p

P

d

0( )

∞

∫ , where

variables are as defined above. We used linear distance-
visit and demand functions. Although there is no specific
reason to assume that this is better than a semi-
logarithmic or other function, in a comparative analysis
of alternative functional forms, it was found that the
linear function was the most valid (Bell & Leeworthy,
1990).

Data gathering

Gamla Nature Reserve is in the centre of the Golan
Heights in northern Israel, which is one of the largest
and most important recreational areas in the country. An
average of 100,000 people visit Gamla per year, mainly
during the spring and summer (Gamla, 2000). The
Reserve offers visitors the sight of the highest waterfall
in the country (51 m), the archaeological site of ancient
Gamla, and a field of dolmens. Gamla is the only Reserve
in northern Israel where griffon vultures can be observed
throughout the year. The cliffs of Gamla are the breeding
place of an established griffon vulture colony (Bahat,
1998).

The questionnaire (Appendix 1) was developed so that
it would provide the necessary information for calculat-
ing travel costs. Information included where people
come from, how often they visit Gamla, how many hours
they intend to spend on site and in the area, what other
sites they plan to visit, how many people are in their
party, and some socio-economic details. To extract the
value of viewing vultures from the total value of the trip
respondents were asked to rank their interest in their
visit to Gamla from the variety of attributes the site has.

The questionnaires were distributed among 170 visi-
tors at Gamla, of which 143 (84%) responses were usable.
They were distributed over 6 months (January–June
2002) including winter (with fewer visits), spring and
summer (with most of the visits; Gamla, 2000). The ques-
tionnaires were distributed during both weekdays and
weekends (Gamla, 2000). The visitors usually spend
enough time at the shaded observatory to enable them to
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complete the questionnaire. A visitor filled in the ques-
tionnaire as a representative of the visiting group. Orga-
nized groups were excluded because we assumed they
did not necessarily decide on the tour destination. We
did not encounter any major resistance to filling in the
questionnaire and we continued until we had obtained
a sufficient number of returned forms. Although this
could cause a selection bias it is not a problem in this
study, which is based on actual behaviour.

Demographic data was obtained from CBS (2005). The
opportunity cost was calculated as the cost of 25% of a
working hour of a given individual (McKean et al., 1995;
Garrod & Willis, 1999; Ward & Beal, 2000). Working
hours were calculated with data obtained from CBS.
Travel distance and time was calculated with Mapa
(2005), which estimates travel time within Israel. The
cost of using a vehicle was calculated according to the
commonly cited Heshev database (Katsin, 2002).

Results

Travel distances, populations and visitation rates are
given in Table 1. There was a significant influence of
distance on visits per capita (Fig. 1). A regression with
the chosen socio-economic variables showed that none
of them were significant. Thus the main explanatory
variable is distance, which is reflected in travel cost.
Average socio-economic values were not different
among the zones (95% two-tailed t-test) so we used only
the distance, or cost, to obtain the demand function for
the site.

The demand function was determined by increasing
the admission price repeatedly by intervals of NIS 10,
and the variation successfully predicted the number of
visits (Fig. 2). Both the intercept and the price coefficient
are statistically significant (P< 0.01). Based on this
regression the value of the site is USD 1.12 million (at
USD 1=NIS 4.4) compared to the revenue from the
entrance fee which is c. USD 239,000 per year and a total
operating cost of USD 227,000 per year (Gamla, 2000).

Discussion

Distance of travel, rather than any socio-economic para-
meters, had the strongest influence on visits per capita.
Within the sample, income and education level were
similar among the regions but higher on average than
the mean values for the entire Israeli population. We
therefore omitted these variables to obtain an improved
regression. It should be noted that the derived value
of the site represents only its use value because the
questionnaires were given only to visitors to the site.

This study suggests that Gamla has an economic
potential far greater than its realized economic earnings.
We assume that this situation is not specific to Gamla but
applies to other parks and nature reserves in Israel. These

Table 1 Travel distance, number of visits in the sampled
population, total population, and visits per capita from each
concentric zone (see text for details) around Gamla Nature Reserve.

Travel
distance to Visits in Visits per

Region Gamla (km) sample Population capita

1 30 20 34,815 0.0636
2 60 53 185,870 0.0316
3 90 152 858,564 0.0196
4 120 236 649,500 0.0402
5 150 42 495,533 0.0094
6 180 138 1,333,289 0.0115
7 210 186 1,713,987 0.0120
8 240 2 406,058 0.0005
9 270 9 393,778 0.0025
10 300 – 99,557 –
Total 838 6,170,951 0.0212

Fig. 1 The dependence of visits
per capita on travel distance to
Gamla Nature Reserve, where
Visits per capita= 0.05- 0.00021 *
Distance (R2 adj.= 0.68).
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results could be of use for making decisions between
policy options. Firstly, they could be used to compare
alternative development plans. For example, various
sites could be ranked according to their consumer
surplus, and then investment in expansion determined
according to this criterion. This method could also be
used to determine investment in different vulture colo-
nies in Israel (there are three major and several minor
colonies). Secondly, the TCM results could be used to
study the impact of pricing on the Reserve (Willis, 2003),
which would be of importance when funding is scarce.
One objective of a decision-making authority could be to
maximize revenues (usually when the operational and
maintenance costs are negligible and therefore revenues
serve as profit). However, it should be noted that there
are other factors, such as congestion costs and carrying
capacity problems, which we have ignored in this
research.

A demand function reveals the link between any given
price and the quantity associated with it. Multiplying
price by quantity yields the revenue, in this case the rev-
enue from a given entrance fee. Using the demand func-
tion it is possible to estimate the revenue for any given
price, represented by a rectangle created by any price-
quantity pair. For a linear demand function, as in this
case, the price that maximizes the revenue is exactly at
the middle of the curve (Fig. 2), giving the quantity that
will yield the largest rectangle. This implies that an
increase of the entrance fee to NIS 47.5 would maximize
revenue, increasing it to NIS 2.73 million per year, i.e. an
increase of 160% over the current annual revenue of NIS
1.05 million. At this price, however, there will be only
59,584 visitors. This, in turn, reduces the area under the
demand curve because it prevents visitors from coming
because of a higher entrance fee. In this case the area

under the demand curve is reduced by NIS 1.365 million.
From a social welfare point of view entrance to the
Reserve should be free, since it is a public good and the
cost of maintaining it should come from the general
budget. The current entrance fee (24 NIS per person) to
Gamla is the same as to any other Natural Reserve in the
country. This does not, however, indicate any specific
management target but an arbitrary fixed price. This is
a political issue that we will not discuss, but the options
that we have presented should be of use when deciding
on a pricing mechanism for this or other reserves.
Another pricing mechanism that could be used is one
that equates revenues to the cost of maintaining the site,
which means zero profit (Willis, 2003). The operational
costs at Gamla are 998,000 NIS, which should be equal to
the revenue under such a policy. In other words, the
above mentioned area of the rectangle should be equal to
the operational costs.

Finally, and most relevant as a conservation goal, this
analysis could be used to analyse further investment
in increasing the griffon vulture colony at Gamla. The
various efforts to increase and stabilize the griffon vul-
ture population in Gamla and in wider Israel, such as
operating feeding stations or monitoring vulture move-
ments with radio-telemetry, are costly. By comparing
costs and benefits and showing the social benefit from
ecotourism associated with viewing vultures, we can
justify investment in further efforts to protect this
species.
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