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Abstract

This paper reports the …rst formal non-market valuation of moun-
tain biking in South Africa by applying the individual travel cost method
(TCM). Due to the non-negative, integer nature of the trip data, several
count data models were estimated. Mountain biking is fast becoming one
of South Africa’s most popular recreational sports and these estimates of
economic value may assist policy-makers in managing mountain biking
venues in general, and congestion con‡icts, speci…cally. The locus of this
study is the Baviaanskloof Mega-Reserve situated in the Eastern Cape
Province of South Africa, part of which was declared a World Heritage
Site in 2004. The reserve is a popular site for mountain biking. The
economic value estimated, by employing a generalised negative binomial
model, for trips taken during 2014 amounted to ZAR1 915 (US$167) per
trip.

Keywords: Travel cost method, recreation demand, mountain biking,
non-market valuation, consumer surplus

1 Introduction

Mountain biking (MTB) is one of the fastest growing sports in South Africa
(Du Toit, 2013; Barry, 2014). One of the main reasons for the exponential
growth of MTB is the fact that most of the races cater for the whole family
(Du Toit, 2013). South Africa is considered a MTB ‘mecca’ with more than 750
races hosted annually (Barry, 2014). The Absa Cape Epic, a MTB race held
over eight, day stages, is considered the most televised MTB competition of all
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time, whilst the Nedbank Sani2c is currently the world’s biggest MTB stage
race (Barry, 2014). South Africa also plays host to the UCI Mountain Bike
World Cup. More speci…cally, Pietermaritzburg, KwaZulu-Natal hosted the
cups from 2009 to 2014, and will do so again in 2015 (Du Toit, 2013). Another
South African MTB race, the Transbaviaans held annually in the Baviaanskloof
Mega-Reserve, Eastern Cape, had the title as the ‘longest single stage team
MTB event’ in the world for six years – 400 teams comprising of two, three or
four cyclists per team are allowed to enter the race (Transbaviaans, 2015).

Despite the growing popularity of MTB, economic valuations of this recre-
ational pursuit are limited (Chakraborty and Keith, 2000). Buchanan, Morey
and Waldman (1998) employed a random utility model of choice to determine
a person’s per-trip compensating variation as a result of changes in MTB site
characteristics and/or access fees. Fix and Loomis (1998) compared the eco-
nomic value of MTB estimated by employing both a revealed preference (a travel
cost model) and a stated preference (a contingent valuation model) technique.
Chakraborty and Keith (2000) used various count data models to determine the
recreation demand and economic value of MTB in Moab, Utah. Fix, Loomis
and Eichhorn (2000) applied a travel cost model to study the potential for
over-estimating consumer surplus due to the use of endogenously selected travel
costs – the study was carried out at Moab, Utah. Loomis, Gonzalez-Caban
and Englin (2001) employed a travel cost model to test for di¤erential e¤ects of
forest …res on hiking and MTB demand and bene…ts. Finally, Hesseln, Loomis,
Gonzalez-Caban and Alexander (2003) applied a travel cost model to study the
e¤ects of wild and pre-scribed …res on mountain biker visitation to New Mexico.

The bene…t value of MTB is important from a resource policy point of view.
The increase in the popularity of MTB and the concomitant increase in the
number of mountain bikers may lead to increased con‡icts with other recre-
ational users, such as hikers. Knowledge of the economic bene…t of MTB could
assist in resource management decisions, such as improving the allocation of
resources based on an evaluation of the economic values generated by each user
group (Fix and Loomis, 1998; Buchanan et al, 1998; Chakraborty and Keith,
2000). Monetary estimates of MTB can also be used in cost-bene…t analysis of
trail construction and management – the marking of designated MTB trails and
the reparation of existing, eroded trails may impose costs on MTB destinations
(Fix and Loomis, 1998).

To date, no formal valuation studies have been conducted to estimate the
economic value of MTB in South Africa by means of non-market valuation
techniques. This study aims to …ll this information gap. More speci…cally, this
paper employs a travel cost analysis to determine the economic value of MTB at
one of South Africa’s major MTB destinations, namely the Baviaanskloof Mega-
Reserve. This method is well suited to valuing the economic bene…ts of MTB
since the cost associated with travel is usually the main expenditure incurred
by a cross-section of mountain bikers (Loomis and Walsh, 1997). Due to the
non-negative, integer nature of the data, count data models were estimated in
this study.

In what follows, section two describes the study area. Section three provides
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a short theoretical overview of the econometric methodology applied in this
paper. Section four discusses data collection. Section …ve discusses the analyses,
results and welfare calculations. Section six concludes the paper.

1.1 The study area

The Baviaanskloof or ‘Valley of Baboons’, a 174 400 ha Mega-Reserve, which
lies 75 km north-west of Port Elizabeth in the Eastern Cape Province, South
Africa was selected as the study area for estimating the economic value of moun-
tain biking by means of the travel cost model. It falls within the smallest, most
distinctive of the world’s six ‡oral kingdoms, namely the eastern Cape Floral
Kingdom (CFK), and has been recognized as one of the world’s 25 “biodiversity
hotspots” (Bosho¤, Cowling and Kerley, 2000). In addition to the rich ‡ora,
the Baviaanskloof is also considered a region of high fauna biodiversity and also
harbours a rich and varied cultural heritage (Bosho¤ et al, 2000). The Baviaan-
skloof Wilderness Area (BWA), a World Heritage Site (declared in 2004), forms
part of the greater Mega-Reserve.

The Baviaanskloof has become one of the most popular mountain biking
destinations in South Africa. As mentioned above, it also plays host to the
Transbaviaans MTB one-day stage race. In terms of the conditions for con-
ducting travel cost studies (see Freeman, 2003), the Baviaanskloof site is almost
ideal: many of the trips undertaken by visitors will be single-site and single-
purpose ones (the site is only accessible by a dirt road and is very remote). In
addition, travel times, costs and distances are likely to vary among the visitors.

2 Econometric methodology

An individual TCM analysis is used in this study to estimate a MTB recre-
ation demand function. The latter is estimated using survey data in which
travel costs, which include distance and time costs, predict the number of visits
that will be undertaken by an individual to a recreational site (Caulkins et al,
1986; Kling, 1987; Bockstael, 1995; Ward and Beal, 2000; Pagiola et al, 2004;
Martinez-Espineira and Amoako-Tu¤our, 2008). In addition to travel costs, a
vector of explanatory variables, such as income, age, gender, education and sub-
stitute sites, are also usually included in the demand function (Bockstael, 1995;
Hanley and Spash, 1993 Bowker et al, 1996; Fix and Loomis, 1997; Bin et al,
2005; Martinez-Espineira and Amoako-Tu¤our, 2008). The demand function
estimated can then be employed to estimate the visitors’ consumer surplus or
non-market value of the recreational site (Bateman, 1993; Hanley and Spash,
1993; Liston-Heyes and Heyes, 1999).

The estimation of the recreation demand function by means of the ordinary
least squares (OLS) method1 may lead to biased estimators due to the zero trun-
cated and non-negative integer nature of the trip data as well as the prevalence

1The OLS model is based on a continuous distribution which assigns positive probability
to fractional and possibly negative occurrences (Fix & Loomis, 1998).
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of over-dispersion issues (Creel and Loomis, 1990; Hellerstein and Mendelsohn,
1993; Liston-Heyes and Heyes, 1999). Count data models, such as the Pois-
son model, is more appropriate to use in this case since their estimators more
closely re‡ect the data generating process (Creel and Loomis, 1991; Hellerstein,
1991; Bowker et al, 1996; Englin et al, 2003). In this study, data was gathered
on-site and the number of trips was a non-negative integer. A Poisson model
was thus applied since it satis…es the discrete probability density function and
non-negative integers (Hellerstein and Mendelsohn, 1993; Shrestha et al, 2002).
The general form of the Poisson model can be expressed as follows:

f(yijxi, β) =
e¡m(xi,β)yi

yi!
(1)

where: yi = the number of trips taken
m = the mean value of trips taken
β = a vector of parameters to be estimated (Hesseln, Loomis, Gonzalez-

Caban & Alexander, 2003).
The use of on-site sampling introduces two complications with the estimation

of recreation demand models (Englin and Shonkwiler, 1995). First, non-users
are truncated, which means that non-users’ demand and the value they attach
to the speci…c recreational site are excluded (Liston-Heyes and Heyes, 1999; Bin
et al, 2005; Martinez-Espineira and Amoako-Tu¤our, 2008). Second, there is an
increased likelihood that more frequent visitors will be captured during the sur-
veys – a situation known as endogenous strati…cation (Shaw, 1988; Liston-Heyes
and Heyes, 1999; Martinez-Espineira and Amoako-Tu¤our, 2008). If these two
issues are ignored then the estimates produced will be biased and inconsistent
(Shaw, 1988; Creel and Loomis, 1990). Both endogenous strati…cation and
truncation can be corrected in the Poisson model by weighting each observa-
tion by the expected value of visits (Shaw, 1988). In the case of the standard
Poisson model, this entails modifying the dependent variable by subtracting one
from each of its values (Shaw, 1988; Fix and Loomis, 1997; Hesseln et al, 2003;
Hagerty and Moeltner, 2005).

The Poisson model, however, assumes that the variance and conditional
mean of its distribution are equal, what is known as equi-dispersion. In many
recreation model demand studies, however, the variance exceeds the conditional
mean – a problem known as over-dispersion (Cameron and Trivedi, 1990). The
negative binomial model may be employed when over-dispersion is signi…cant
(Shrestha et al, 2002; Bin et al, 2005; Martinez-Espineira and Amoako-Tu¤our,
2008). The addition of an extra parameter, α, captures the unobserved hetero-
geneity not captured by the Poisson model (Martinez-Espineira and Amoako-
Tu¤our, 2008). The negative binomial model that can be applied if signi…cant
over-dispersion is present, and that has been corrected for truncation and en-
dogenous strati…cation, is derived as follows:
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Pr[Y = y jY >0] = yi[¡(yi + α¡1
i )/¡(yi + 1)¡(α¡1

i )]αyi
i µyi¡1

i (2)

(1 + αiµi)
¡(yi+αi¡1)

where y is the count variable (Englin and Shonkwiler, 1995; Martinez-
Espineira and Amoako-Tu¤our, 2008). This model restricts the over-dispersion
parameter to a constant, i.e. αi = α (Martinez-Espineira and Amoako-Tu¤our,
2008). A generalised negative binomial model with endogenous strati…cation can
also be estimated – this model allows α to vary across respondents (Martinez-
Espineira and Amoako-Tu¤our, 2008).

Following the example of Martinez-Espineira and Amoako-Tu¤our (2008),
the dependent variable in this study was taken to be the product of the size
of the travelling party and the number of trips undertaken by the respondent
(for mountain biking purposes) during the last …ve years2 . This was done in an
e¤ort to reduce the lack of dispersion around the dependent variable – a common
aiction of the individual TCM (Bowker et al, 1996; Martinez-Espineira and
Amoako-Tu¤our, 2008).

The travel costs for each respondent comprised variable costs only and in-
cluded those for distance, lodgings and airfare. The lodgings cost was taken
to be the reported cost per night of staying in the Baviaanskloof. The dis-
tance costs were calculated from motor vehicle operating costs per kilometre
(km) as supplied by the South African Revenue Service (SARS), which at the
time of the study was ZAR3.30/km. The operating cost per km was multiplied
by the roundtrip distance (to and from the Baviaanskloof) travelled to obtain
the distance cost (Hesseln et al, 2003; Bin et al, 2005; Martinez-Espineira and
Amoako-Tu¤our, 2008). The reason why the researchers calculated the travel
costs was done to avoid, as far as possible, survey overload, and recollection
and response bias (Martinez-Espineira and Amoako-Tu¤our, 2008)3 . The es-
timated travel cost was normalised by dividing it by the size of the travelling
party (Martinez-Espineira and Amoako-Tu¤our, 2008).

Ideally, travel time costs should also be included in travel cost studies (Free-
man, 2003; Zawacki et al, 2000; Hesseln et al, 2003; Parsons, 2003; McKean et
al, 2003). The preferred approach is to include travel time as its own variable
(Fix and Loomis, 1998) – this approach was followed in this study4 . Many
other studies employ some fraction of the wage rate to estimate the opportunity
cost of time (Cesario and Knetsch, 1970; Cesario, 1976; Bateman, 1993; Bowker
et al, 1996; Liston-Heyes and Heyes, 1999; Zawacki et al, 2000; Hagerty and

2A simplifying assumption was made that the size of the travelling party represents an
average value and thus remains the same across all trips undertaken by that particular re-
spondent over the reference period (Martinez-Espineira & Amoako-Tu¤our, 2008). In other
words, the group size remains constant across time, but not across respondents.

3 In a study by Bowker et al. (1996), no signi…cant dissimilarities were found when two dis-
tinct recreation demand models were estimated, one using travel costs reported by respondents
and the other using travel costs calculated by the researchers.

4Treating the time variable separately allows for the estimation of the opportunity cost of
travel time within the model (Loomis & Walsh, 1997; Shrestha et al., 2002).
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Moeltner, 2005; Martinez-Espineira and Amoako-Tu¤our, 2008). According to
this approach, the time cost is estimated as the product of the number of hours
travelled and the opportunity cost of time per hour. A few studies have omitted
travel time costs completely (Hanley et al, 2003).

Some studies have found income to have a signi…cant, negative in‡uence
on the number of trips undertaken making them inferior goods (Liston-Heyes
and Heyes, 1999; Sohngen et al, 2000; Loomis, 2003), whilst others have found
a signi…cant, positive in‡uence making trips a normal good (Bin et al, 2005;
Martinez-Espineira and Amoako-Tu¤our, 2008). Despite the weak in‡uence of
income in other studies, it was decided to include it as an explanatory covari-
ate in this study. Since the Baviaanskloof Mega-Reserve is very remote, which
makes a trip expensive enough for many mountain bikers, it was expected that
income would have a positive in‡uence on the number of trips undertaken per
year. Not unlike the Martinez-Espineira and Amoako-Tu¤our (2008) study, in-
come was measured as the mid-points in thousands of Rands of thirteen brackets
employed in the questionnaire.

It has been shown that the omission of substitutes leads to an over-estimation
of consumer surplus (Smith and Kaoru, 1990). This happens, for example, since
two visitors who travel an equivalent distance to visit a recreation site may
value it entirely di¤erently due to the fact that one visitor has a substitute
site available while the other does not (Bateman, 1993; Hanley and Spash,
1993; Perman et al, 1996). Some studies employ the per mile cost of travelling
to an alternative site as their substitute site price (Fix and Loomis, 1998),
whilst others use a dummy variable (a value equal to one is assigned if the
individual suggested a substitute site or the distance to it) (Bowker et al, 1996;
Martinez-Espineira and Amoako-Tu¤our, 2008). Other studies omit the price of
substitutes (Creel and Loomis, 1990; Liston-Heyes and Heyes, 1999). This study
employs the dummy variable approach to account for the in‡uence of substitute
sites on visitation rates (see Martinez-Espineira and Amoako-Tu¤our, 2008).

In addition to the price and income variables included in the model, several
other variables were also considered, namely gender, age, education, number of
days spent on-site, the non-variable trip costs (such as food and other durable
goods) and a heritage site variable (which captures the in‡uence of the Baviaan-
skloofs World Heritage Site status) (Fix and Loomis, 1998; Martinez-Espineira
and Amoako-Tu¤our, 2008).

2.1 Travel cost model

The single-site demand function for this study was speci…ed to predict visit fre-
quency (trips) on the basis of a mixture of trip characteristics such as travel
costs, travel time, socio-economic variables (income, gender, age, and educa-
tion), a substitute site variable, a number of days spent on-site variable, a
non-variable trip cost variable, and a heritage site variable. The function was
estimated using count data models. It has the following form:
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tripsi = exp[β0 + β1(tci) + β2(timei) + β3(incomei) + β4(substitutei)+ (3)

β5(gender i) + β6(agei) + β7(educationi) + β8(daysspent i)

+β9(non ¡ variablecosts i) + β10(heritagei)]

Table 1 provides the operational de…nitions of the variables used in con-
structing the recreationdemand model.

The estimated coe¢cients of the travel cost covariate for each count data
model were used to calculate the welfare measures. The average consumer
surplus per visit estimates were calculated as the negative inverse of the travel
cost coe¢cient (-1/β̂) (Creel and Loomis, 1990).

3 Data collection

A structured questionnaire was designed to obtain the trip data required to
apply the individual travel cost method. A pilot study, during which 30 respon-
dents were approached on-site, was carried out to test the questionnaire. This
pilot study was conducted about one month prior to the main survey being car-
ried out and targeted individuals visiting the Baviaanskloof area primarily for
mountain biking purposes. In response to the pre-test, the questionnaire was
revised where necessary. Following the pilot study, the on-site survey was con-
ducted by means of personal interviews during the Transbaviaans MTB event
in August 2014 – this event posed a special sampling opportunity since a large
number of mountain bikers (actual users) were coincidentally congregated in
one place. Because of the sheer size of the Mega-Reserve, sampling over a long
period, such as a year, and at many di¤erent locations, would be too time-
consuming and prohibitively expensive. The enumerators intercepted individ-
uals as they left the Town Hall in Willowmore (the starting point of the race)
where registration for the event took place. The enumerator targeted every …fth
person who was 18 years or older; 298 individuals were asked to complete the
questionnaire, of which no-one refused, giving a response rate of 100% (this is
not unusual for an in-person interview situation). Respondents who provided
incomplete information were excluded from the sample, reducing the sample
size to 295.

The questionnaire survey included questions about the size of the travelling
party, the respondent’s home location, the number of times the respondent
has visited the Baviaanskloof in the last …ve years, the round trip distance
travelled, the duration (in hours) of the round trip, duration of the visit, whether
the respondent had a favourite alternative mountain biking destination, and as
well as some demographic information. The descriptive statistics of the travel
information, visitation, respondent characteristics and substitute site are shown
in Table 25.

5There is no available socio-demographic information for the population of mountain bik-
ers to the Baviaanskloof Mega-Reserve area. This makes it impossible to check for sample
representativeness.
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Brie‡y, respondent age ranged between 21 and 69 years, with a mean age of
40 years. The survey also revealed that respondents earn on average ZAR458 915
per year with a minimum of ZAR30 000 per annum and a maximum of ZAR
R1 million per annum. The average group size was four individuals with a
minimum of one and a maximum of 15. The average person spent 1.8 days on
site and spent about ZAR3 187 on food and other durable goods. The majority
(i.e. 77%) of the respondents are male.

4 Econometric results

It has been shown by Martinez-Espineira and Amoako-Tu¤our (2008) that ignor-
ing the multi-site and multi-purpose nature of trips leads to an over-estimation
of consumer surplus by almost 50%. In order to deal with this issue, we fol-
lowed Martinez-Espineira and Amoako-Tu¤our’s (2008) example by including
the following question in the survey instrument:

“On a scale of zero (0) to 10, where 0 indicates no in‡uence and 10 in-
dicates the main single reason, how much in‡uence would you say that the
Baviaanskloof visit had in your decision to travel (to or in the Eastern Cape
Province)?”

The resulting variable was used to weight the original travel cost estimate
by means of the following transformation:

WTC = (UTC ¤ w)/10 (4)

where WTC is the weighted travel cost per mountain biker, UTC is the
unweighted travel cost per mountain biker, and w is the in‡uence factor6 . The
vast majority of the respondents, namely 83%, stated that the sole reason (a 10
score) for their trip was to mountain bike in the Baviaanskloof.

Five types of econometric speci…cations were used in this study to estimate
a recreational mountain biking demand model, namely a standard Poisson spec-
i…cation, a Poisson speci…cation adjusted for truncation and endogenous strat-
i…cation (TES Poisson), a standard negative binomial model (NB), a negative
binomial model adjusted for truncation and endogenous strati…cation (NBTES),
and a generalised negative binomial with endogenous strati…cation (GNBES).
The same covariates were employed in each of the abovementioned estimations.
The results of applying various count data models in Stata: Release 11.1 are
shown in Table 3.

All of the models of recreational demand presented in Table 4, except the
Poisson and the NB ones, account for endogenous strati…cation and truncation.
It was expected that most mountain bikers would undertake a few trips and
a few would undertake many trips, which means signi…cant over-dispersion is
present. This is con…rmed by the over-dispersion parameter, α, in the NB model

6Not unlike the Martinez-Espineira and Amoako-Tu¤our (2008) study, we expected the
inclusion of a weighting factor to reduce the estimated consumer surplus per trip as well as
increase the estimated total consumer surplus since the predicted number of trips would have
been corrected upwards.
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– it’s statistically signi…cant. More speci…cally, a likelihood-ratio test of alpha=0
based on the NB model results in aχ2 (01) = 1156.51 with Prob>= χ2 = 0.000.
Thus, both the recreation demand models based on the Poisson distribution (i.e.
Poisson and TES Poisson) are overly restrictive because they do not take into
account that a small number of mountain bikers undertake many trips while a
large number of mountain bikers undertake only a few trips. The presence of
over-dispersion is also con…rmed by the better …t of the NB and NBTES models
compared to the Poisson ones (see Table 3). Goodness-of-…t improves further, as
indicated by the value of the log-likelihood, when the over-dispersion parameter,
α, is allowed to vary across respondents in the GNBES model (see Table 3) –
the coe¢cients of the explanatory variables7 in the equation whose dependent
variable is α are statistically signi…cant, except for the constant, which serves as
con…rmation that setting αi = α for all observations would be overly restrictive
(Martinez-Espineira and Amoako-Tu¤our, 2008).

As expected, the estimated coe¢cient for the travel cost variable is negative
and signi…cant in all …ve models. The negative sign of this variable’s coe¢cient
suggests a downward-sloping demand curve for trips – thus, mountain bikers
undertake fewer trips as travel costs rise. In addition to the price variable, the
recreation demand model also includes income, substitute, gender, age, educa-
tion, daysspent, non-variable costs and heritage.

The sign of the income coe¢cient is positive for all models estimated, which
suggests that visits are a normal good for mountain bikers. This could be due to
the fact that the Baviaanskloof is a remote mountain biking destination, which
makes visiting and mountain biking at the site expensive enough for visits to
be a normal good. The estimated coe¢cient is, however, only signi…cant in
the Poisson (at the 5% level), TES Poisson (at the 5% level) and GNBES (at
the 10% level) models. Martinez-Espineira and Amoako-Tu¤our (2008) found a
similar result in their study.

The sign of the coe¢cient of the dummy variable substitute is negative for the
two Poisson models estimated, which accords with a priori expectations that
those mountain bikers with higher round trip travel times to substitute sites
undertake more visits to the Baviaanskloof, ceteris paribus, but the coe¢cient
is positive for all the negative binomial models estimated. The coe¢cient is,
however, statistically insigni…cant in all models estimated. Betz, Bergstrom
and Bowker (2003), and Martinez-Espineira and Amoako-Tu¤our (2008) also
found the e¤ect of this variable non-signi…cant.

The coe¢cient of the gender variable presents the expected positive sign:
males tend to undertake more mountain biking trips compared to their female
counterparts. The coe¢cient of the gender variable is signi…cant in all models,
except for the GNBES model. The coe¢cient of the age variable is signi…cant at
the 1% level and presents the expected positive sign in all the models estimated:
those who are older tend to undertake more mountain biking trips to the Bavi-
aanskloof. The education variable’s (educ) coe¢cient is signi…cant (at the 1%
level) and positive for the Poisson, TES Poisson, NB and NBTES models, which

7These are age, education, and the number of days spent on-site.
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accords with a priori expectations: mountain bikers with more educational at-
tainment undertake more trips to the Baviaanskloof. The GNBES model, how-
ever, presents a negative and non-signi…cant coe¢cient. This result is similar to
the one achieved by Martinez-Espineira and Amoako-Tu¤our (2008) – their ed-
ucation variable presented alternate and non-signi…cant signs since income and
education were too collinear. While their study revealed clear collinearity, this
does not appear to be the problem in this case as there is minimal correlation
between the education and income variables (22%).

The daysspent variable has a positive coe¢cient and is signi…cant in the Pois-
son models (at the 1% level) and the NB and NBTES models (at the 1% level).
This is similar to what was found in the Bowker et al (1996) and Martinez-
Espineira and Amoako-Tu¤our (2008) studies. The GNBES model, however,
produces an insigni…cant and negative daysspent coe¢cient – this result ac-
cords with those of the Creel and Loomis (1990), Bell and Leeworthy (1990),
and Shrestha et al (2002) studies. The non-variable costs variable has a posi-
tive coe¢cient in all models. It is signi…cant at the 1% level in the two Poisson
models and signi…cant at the 10% level in the NB and GNBES models. This
result is at odds with a priori expectations – one would expect those who tend
to spend more to visit the Baviaanskloof to visit less often. As expected, the
heritage variable has a positive coe¢cient and is signi…cant at the 1% level for
all models. Thus, mountain bikers who regard the World Heritage Status of
the Baviaanskloof wilderness area as a major draw card are likely to undertake
more frequent trips to the Baviaanskloof.

4.1 Consumer surplus

Table 4 presents the estimation results of the welfare measures at the mean of
the data. Con…dence intervals for the welfare estimates were constructed by
employing the following formula:

WTPL = 1/[β1 + 1.96(SE)] and WTPU = 1/[β1 ¡ 1.96(SE)] (5)

The TES Poisson model yielded the smallest consumer surplus per trip,
ZAR1 695 with a 95% con…dence interval of ZAR1 534 to ZAR1 894, while
the standard NB model produced the largest consumer surplus per trip, ZAR2
326 with a 95% con…dence interval of ZAR1 861 to ZAR3 098. It is useful to
compare these welfare estimates with those derived in other mountain biking
studies. Consumer surplus estimates from other mountain biking travel cost
studies are provided in Table 5.

Table 5 shows that the consumer surplus per trip for mountain biking, es-
timated by …ve studies, ranges from US$30 to US$922 (Fix and Loomis, 1998;
Chakraborty and Keith, 2000; Fix et al, 2000; Loomis et al, 2001; Hesseln et al,
2003). The wide range of values can partly be explained by the fact that the
study locations di¤ered (Utah, Colorado, New Mexico), the study sites di¤ered
(all trails considered versus only one trail considered), and that certain contin-
gencies were imposed on the mountain bikers (such as, …res of di¤ering ages).
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When converted8 into US$ terms, the welfare estimates derived as part of this
study range between US$147 and US$202 per person per trip. Taking into ac-
count that the studies listed in Table 5 were conducted between 11 and 16 years
ago, the consumer surplus estimates derived in this study appear reasonable in
magnitude.

4.2 Conclusion

This paper estimated consumer surplus for mountain bikers per trip to the
Baviaanskloof Mega-Reserve to be ZAR1 915 in 2014 (US$167) with a 95%
con…dence interval of ZAR1 560 and ZAR2 479 (using the preferred generalised
negative binomial model). Aggregating this value (assuming a mean visitation
rate of 2.84 visits per mountain biker) across the sampled population of bikers
(i.e. 295 individuals) and the actual population of bikers (i.e. 2 800), yields
total consumer surplus of ZAR1 604 370 and ZAR15 227 912, respectively.

While the welfare estimates calculated in this study are conditional upon the
survey sample, they do show the substantial bene…t of the MTB resource. This
bene…t value is important from a resource policy point of view. Monetary esti-
mates of the MTB in the Baviaanskloof Mega-Reserve can assist in management
decisions, such as the allocation of land for mountain biking trails. These esti-
mates can also be of use in comprehending the bene…ts associated with tourism
quality improvement projects in this area (McConnell and Strand, 1994).

It is, however, important to note that the total consumer surplus estimated
here is not to be equated to the total economic value of the Baviaanskloof
Mega-Reserve since a host of other recreational and commercial activities take
place in the Mega-Reserve (Fix and Loomis, 1998). In addition, the estimated
economic bene…ts of mountain biking in the Baviaanskloof cannot be simply
transferred to other mountain biking venues. The Baviaanskloof Mega-Reserve
is a remote and unique destination, which attracts mountain bikers from far and
wide. Thus, adopting the economic bene…t of mountain biking in the Baviaan-
skloof in a bene…t transfer exercise would violate some of the requirements for
a legitimate bene…t transfer, namely absolute equivalence in terms of the non-
market commodity, study site, and population of users (Boyle and Bergstrom,
1992; Fix and Loomis, 1998).
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Table 1: Travel cost model variables and descriptions 

 

 Variable  Description 

Trips Product of the size of the travelling party and the number of trips 

undertaken 

Tc Travel cost per visitor per visit (ZAR) 

Time Round trip travel time per visitor per visit in hours 

Income Mid-point of income bracket (ZAR) 

Substitute Takes value of 1 if visitor indicated substitute site and 0 otherwise 

Gender Takes value of 1 for male and 0 for female 

Age Respondent’s age in years 

Education Takes value of 1 for matric, 2 for post-matric, 3 for diploma, 4 for degree 

and 5 for post-graduate degree  

Daysspent Length of stay in days 

Non-variablecosts Costs other than variable travel costs (ZAR) 

Heritage Takes a value of 1 if the fact that part of the Baviaanskloof is a World 

Heritage Site played a role in visitation 

 

 

 

 

Table 2: Trip statistics for entire sample (n =295) 

 
Variable Mean Std. Dev. Min Max 

Travel 

Trips
(1) 11.48475 13.56913 2 140 

Travel cost (ZAR)
1 1433.758 1112.126 48.75 6960 

Travel time (round-trip in 

hrs) 

13.34576 7.697012 2.5 48 

Visitation 

Days spent on-site 1.816949 1.027041 1 7 

Non-variable costs 3186.841 1103.266 0 5500 

Heritage 0.2271186 0.4196818 0 1 

Respondent characteristics 

Income (ZAR) 458915.3 259292.6 30000 1000000 

Gender 0.7728814 0.4196818 0 1 

Age (years) 40.27458 9.835165 21 69 

Education 3.508475 1.285356 1 5 

Group size 4.047458 1.843665 1 15 

Substitute site 

Substitute 0.2338983 0.4240276 0 1 

Notes:  (1) The size of the travelling party times the number of trips over the last 5 years. 

(2) Weighted and normalised. 
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Table 3: Travel cost recreation demand model results (n = 295) 

 
 

Variables 

Poisson 

Trips 

TES Poisson 

Trips – 1 

NB 

Trips 

NBTES 

Trips 

GNBES 

Trips 

Tc -0.0005*** 

(17.9) 

-0.00059*** 

(18.91) 

-0.0004*** 

(7.89) 

-0.0004*** 

(8.01) 

-0.0005*** 

(8.61) 
 Time 0.009*** 

(3.03) 

0.011*** 

(3.43) 

-0.008 

(1.15) 

0.011 

(1.33) 

0.015** 

(1.98) 
Income 1.66e-07** 

(2.23) 

1.96e-07** 

(2.49) 

1.57e-07 

(0.87) 

1.86e-07 

(0.93) 

3.75e-07* 

(1.9) 
Substitute -0.048 

(1.18) 

-0.054 

(1.27) 

0.012 

(0.13) 

0.015 

(0.14) 

0.057 

(0.55) 
Gender 0.282*** 

(6.38) 

0.306*** 

(6.57) 

0.205** 

(2.04) 

0.214* 

(1.91) 

0.137 

(1.27) 
Age 0.0146*** 

(7.97) 

0.015*** 

(8.20) 

0.013*** 

(2.98) 

0.014*** 

(2.92) 

0.026*** 

(3.28) 
Educ 0.136*** 

(9.03) 

0.147*** 

(9.31) 

0.130*** 

(3.86) 

0.144*** 

(3.85) 

-0.061 

(0.99) 
Daysspent 0.115*** 

(6.82) 

0.126*** 

(7.19) 

0.119*** 

(2.7) 

0.134*** 

(2.71) 

-0.006 

(0.07) 
non-variable costs 0.00008*** 

(5.92) 

0.0001*** 

(6.2) 

0.00006* 

(1.73) 

0.00006 

(1.61) 

0.00007* 

(1.95) 
Heritage 0.277*** 

(6.78) 

0.304*** 

(7.14) 

0.263*** 

(2.61) 

0.295*** 

(2.63) 

0.351*** 

(3.35) 
Constant 0.986*** 

(8.1) 

0.772*** 

(6.04) 

1.111*** 

(3.98) 

0.223 

(0.69) 

0.594 

(1.36) 

ln (α)      
Age  

 
 

 -0.028* 

(1.72) 
Educ  

 
 

 0.473*** 

(3.81) 
Daysspent  

 
 

 0.311* 

(1.89) 
Constant  

 0.386*** 0.947 

 

-1.23 

(1.45) 
Log-L’hood -1530.22 -1576.81 -951.96 -937.18 -929.29 


2
 839.05 933.2 117.65 137.92 128.09 

AIC 2998.17 3175.63 1927.92 1898.36 1888.59 
BIC 3042.35 3216.18 1972.16 1942.61 1943.89 

Absolute value of z statistics in parentheses. 
***, ** and * denote significance at 1%, 5%, and 10%, respectively. 
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Table 4: Trips and recreation values (95% confidence intervals in brackets) 

 

 Poisson TES Poisson NB NBTES GNBES 



 tc 

-0.00052 -0.00059 -0.00043 -0.00049 -0.00052 

CS/trip
(1)

  

(ZAR) 

1923.08 

(1733; 2160) 

1694.92 

(1534; 1894) 

2325.58 

(1861; 3098) 

2040.82 

(1634; 2717) 

1914.98 

(1560; 2479) 

(US$) 167 147 202 177 167 

CS/person
(2) 

(ZAR) 

5461.55 

(4922; 6134) 

4813.57 

(4356; 5378) 

6604.65 

(5287; 8798) 

5795.93 

(4641; 7716) 

5438.54 

(4431; 7040) 

Total CS
(3) 

(ZAR) 

15 292 340 

(13 780 700; 

17 176 300) 

13 477 996 

(12 197 500; 

15 058 800) 

18 493 020 

(14 802 400; 

24 635 400) 

16 228 604 

(12 995 300; 

21 603 500) 

15 227 912 

(12 406 100; 

19 711 300) 

(1) CS/trip = (-1/


 tc). 

(2) Assuming 2.84 trips on average. 

(3) Assuming a total population of 2800 mountain bikers. 

 

 

 

Table 5: Consumer surplus (CS) estimates from other mountain biking travel cost studies 

 
Study Location Description of CS CS estimate 

Fix & Loomis (1998) Moab, Utah 

(Slickrock trail only) 

Per trip US$197 – 205 

Chakraborty & Keith (2000) Moab, Utah (all trails) Per trip US$586 - 922  

Fix et al. (2000)
1 

Moab, Utah 

(Slickrock trail only) 

Per trip US$135 – 153 

Loomis et al. (2001) National Forests, 

Colorado 

Per trip US$55 – 145 (Crown fires) 

US$30 – 31 (Non-Crown fires) 

Hesseln et al. (2003) New Mexico Per trip US$150 

 

Sources: Buchanan et al. (1998); Fix & Loomis (1998); Chakraborty & Keith (2000); Fix et al. (2000); Loomis 

et al. (2001); Hesseln et al. (2003) 

Notes: (1) Endogenously chosen travel costs were employed during the estimation of the US$135 CS per trip. 
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Figure 1. The geographical location of the Baviaanskloof Mega Reserve 

 

 
 

Source: Joubert, Smith & Neke (1999) 
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