
 
 

Give to AgEcon Search 

 
 

 

The World’s Largest Open Access Agricultural & Applied Economics Digital Library 
 

 
 

This document is discoverable and free to researchers across the 
globe due to the work of AgEcon Search. 

 
 
 

Help ensure our sustainability. 
 

 
 
 
 
 
 
 

AgEcon Search 
http://ageconsearch.umn.edu 

aesearch@umn.edu 
 
 
 

 
 
 
 
 
 
Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only. 
No other use, including posting to another Internet site, is permitted without permission from the copyright 
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C. 

https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu


Valuing Australian botanic collections: a
combined travel-cost and contingent valuation

study*

Paul Mwebaze and Jeff Bennett†

Economic values of biological collections in three Australian botanic gardens in Canb-
erra, Melbourne and Sydney were estimated using the travel-cost method (TCM) and
the contingent valuation method (CVM). The TCM component of the study produced
average per-trip consumer surplus (CS) values of $39 and $18 for single- and multiple-
site visitors, respectively, for each botanic garden, resulting in an estimate of approxi-
mately $194 million for the total social welfare generated by trips to the three sites.
Marginal willingness to pay (WTP) for access to botanic gardens was also investigated
through payment vehicles of entry fees or higher parking charges using the CVM com-
ponent. The analysis revealed a positive mean WTP of between $3 and $5 per trip per
person. The difference between the CVM and TCM results reflect the different under-
lying concepts of value under investigation: average CS per visit for the TCM and the
utility arising from a marginal visit for the CVM. Marginal changes in CS from the
TCM were derived. The confidence intervals from the TCM marginal values overlap
the WTP estimates from the CVM. These findings will be useful for resource manage-
ment decisions in the botanic gardens collection in Australia.

Key words: biological collections, botanic gardens, contingent valuation method, economic
value, travel-cost method, willingness to pay.

1. Introduction

Collections of biological material generate benefits to society in realm areas
ranging from biosecurity, public health and safety, monitoring of environ-
mental change to traditional taxonomy and systematics (Suarez and Tsutsui
2004). However, these biological resources may not be optimally utilised by
the private sector because of the transaction costs incurred in accessing them
(Bennett and Gillespie 2008). Furthermore, P.G. Whiting and Associates
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(1995) argue that the benefits supplied by plant collections are often underval-
ued by public policymakers, resulting in insufficient resources being allocated
for their management.
Botanic gardens maintain collections of biological material. These include

preserved and living whole plants as well as DNA libraries. Botanic gardens,
in particular, face rising costs and a decline of their traditional uses in medi-
cine and pharmacy (Garrod et al. 1993). Botanic gardens also play a role as a
public leisure amenity. Table 1 shows the popularity of visiting a selection of
Australian botanic gardens. Botanic gardens are now the second most popu-
lar cultural venue visited in Australia after the cinema (Botanic Gardens
Trust, 2010). Approximately 40 per cent of the Australian population over
15 years old visit at least one botanic garden each year. However, most bota-
nic gardens in Australia do not charge an entry fee, and a question arises as
to the magnitude of benefits generated from free public access.
The aim of this study is to assess current recreational visitor use values at

three selected botanic gardens in Australia. The study employs observed and
stated behaviour methods to make inferences about consumer preferences for
the selected botanic gardens. A travel-cost method (TCM) is used to measure
the consumer surplus (CS) enjoyed by visitors to the botanic gardens. The
advantages of using this technique include its foundations in welfare econom-
ics and its reliance on revealed preferences (Shrestha et al., 2002). There is a
growing pool of recreation value estimation studies that use the TCM (e.g.
Bennett 1996; Common et al. 1999; Whitten and Bennett 2002; Stoeckl and
Mules 2006; Prayaga et al. 2010; Rolfe and Dyack 2010). However, there
have been limited efforts to estimate the economic values of botanic gardens.
A notable exception is the study by Garrod et al. (1993), which assessed the
recreational value of four botanic gardens in the UK.
Another objective is to use the contingent valuation method (CVM) to esti-

mate visitors’ marginal willingness to pay (WTP) an entry fee for access to
botanic gardens. The CVM is routinely used to value a change in the provi-
sion of scientific collections (Noonan 2003; Throsby 2003; Provins et al.
2008). The CVM is also increasingly used to value unique biological resources
as discussed in OECD (2002, 2006). This suggests that it can be used to pro-
vide useful information about the value of botanic collections.

Table 1 Features of Australian botanic gardens

Parameters Australian National
Botanic Garden

Royal Botanic
Garden Melbourne

Royal Botanic
Garden Sydney

Size (ha) 40 36 58
Total expenditures ($M) 9.65 18.38 41.64
Own-earned revenue ($M) – 10.08 16.49
Government funding ($M) – 11.41 23.92
Total revenue ($M) 10.45 21.49 40.41
Number of visitors/year 429,109 1,709,846 3,854,750

Source: Annual reports of the respective botanic gardens for the financial year 2009–2010.
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This study contributes to the current valuation literature by examining the
nature of the relationship between values estimated under the TCM and
CVM. A number of studies valuing recreation have concluded that the TCM
produces higher estimates of value than the CVM (Carson et al. 1996; Fix
and Loomis 1998; Shrestha and Loomis 2001, 2003; Loomis 2006; Rolfe and
Dyack 2010). However, there remains much debate why the TCM generates
higher values than the CVM for the estimates of recreation values. Rolfe and
Dyack (2010) suggest that the most important factors causing the estimate
divergence are likely to be the different decision points taken by respondents,
the inclusion of substitute sites in the decision calculus, and the roles of strate-
gic and uncertain responses in the CVM.
In this study, we argue that while the TCM is designed to estimate the

extent of average WTP (as a Marshallian CS per visit), the CVM – through
its use of a hypothetical entry fee/parking fee as the payment vehicle – is
focused on visitors’ marginal WTP a per-unit price. Hence, the two methods
are aimed at the estimation of two different aspects of the demand for botanic
garden visitation. The remainder of the study is structured as follows. The
next section describes the methodology followed and the survey instrument
used in the study. The main results are reported and discussed in Section 3.
Section 3 sets out the CS from botanic garden visitation estimated using the
TCM. Section 4 reports and discusses the CVM results. Section 5 is a compar-
ison of the TCM and CVM results. Section 6 provides a synthesis of the
results and concludes the study.

2. Methods

2.1. The survey instrument

The survey questionnaire developed for this study consisted of two parts
(Figure 1). The first part was designed to collect information on trip motiva-
tion, travel costs, travel time and on-site expenditures. This information was
used to estimate the recreational use benefits generated by individuals visiting
botanic sites. The second part involved the CVM application. This was
designed to estimate user’s marginal WTP for access to the botanical gardens.
The NOAA guidelines were followed in designing the CVM questions (Arrow
et al. 1993). The payment vehicle used was an ‘entry fee’ to gain access to a
botanic garden. The dichotomous choice (DC) format was used. This type of
question was favoured because it gives the respondent no incentive for not
answering truthfully, that is, the format is incentive-compatible (Bateman
et al. 2002; Alberini and Khan 2006).1 Before administering the survey, a first
draft of the questionnaire was pretested in three pilot surveys. The study

1 Note that incentive compatibility also requires the stipulation of a provision rule (Bateman
et al., 2002). In the surveys, respondents were informed that if 50 per cent of respondents
agreed to pay, then an entry fee/additional parking fee would be established.
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opted for an in-person survey because it generally yields the highest survey
response rate (Bateman et al. 2002).
The final revised questionnaire was administered at three selected botanic

gardens: the Australian National Botanical Garden (ANBG) in Canberra,
the Royal Botanic Garden Melbourne (RBGM) and the Royal Botanic
Garden Sydney (RBGS). The data for the study were collected over a
4-month period from July to November, 2010. A number of sampling strat-
egies were used to achieve a representation of the visitor population. Poten-
tial participants were intercepted at random, and an in-person written
survey was conducted in the visitor centre, cafe, gardens, parking places and
at access points. The sample was stratified to make it representative of the
temporal distribution of visits (e.g. weekend vs. weekdays; different hours of
the day). Every fourth individual encountered was invited to participate in
the survey. The survey was administered through the Australian winter/
spring months to minimise the effect of seasonality on visitation.2

Interviewers were instructed to target individuals, avoiding wherever possi-
ble participation of other members of the same group. Only adult members
were interviewed, and interviewers were instructed to question the head-of-

Figure 1 Linking motivation to visit botanic gardens to willingness to pay amounts.

2 Australian seasons follow the sequence: Summer (December–February); Autumn
(March–May); Winter (June–August) and Spring (September–November).
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household responsible for expenditure decisions if family groups were
encountered. One problem often encountered with on-site surveys is that they
are conducted when a trip is still in progress and respondents may not be able
to provide reliable data on total costs (Upneja et al. 2001). For this survey,
visitors were intercepted in the middle or at the end of their trip as they pre-
pared to leave, by which time they had incurred the costs and had sufficient
data to report.

2.2. Descriptive statistics

Descriptive statistics of the sample are summarised in Table 2. A total of
1600 visitors were interviewed at the three botanic gardens. Of the total
responses, 1139 were usable for the travel-cost demand estimation. Visitors
sampled were more likely to be women (57–64 per cent) and they were on
average 36 years old and had a relatively high average annual income of
$77,000. These statistics indicate that the sample is representative of the gen-
eral profile of visitors to Australian botanic gardens (Botanic Gardens Trust
(BGT) (2010). Comparison with statistics for Australia as a whole (Austra-
lian Bureau of Statistics (ABS) (2012) indicates that the sample age structure
is statistically similar to that of the general adult population (median
age = 36.8 years). However, statistical tests showed that our sample enjoyed
a significantly higher income compared to the national average for full-time
working adults ($66,000) indicating that, in this aspect, the sample is not
representative of the rest of Australia.
On average, respondents visited the selected botanic gardens between six

and eight times a year, with each trip lasting over 2 h, depending on the site.
Figures 2–4 give the stated principal motivating factors for the trips. Note
that the recreational experience includes not only learning about plant collec-
tions but also other potentially valued joint products such as relaxation,
meeting and spending time with friends, natural beauty and scenic view, and

Table 2 Descriptive statistics of variables used in regression models, by selected locations

Parameters ANBG RBGM RBGS

Trip demand (visits/year) 7.49 8.48 6.82
Travel cost ($) 45.34 32.43 20.94
Travel time (hours) 2.39 0.85 0.75
Length of trip (hours) 1.92 2.84 2.61
Multiple sites (yes = 1, no = 0) 0.28 0.34 0.49
Annual income (‘000 $) 94.64 70.35 83.88
Age (years) 43.89 36.13 30.87
Male (Male = 1; Female = 0) 0.38 0.33 0.43
Sample size (n) 650 300 650

Note: ANBG, Australian National Botanical Garden; RBGM, Royal Botanic Garden Melbourne; RBGS,
Royal Botanic Garden Sydney.
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nature walk. A number of these motivating reasons given above, for example
natural beauty and scenic view, highlight the benefits of plant collections for
the visitors.

Expedi ons
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Figure 2 What were the most important reasons for your trip to the Australian National
Botanical Garden?
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Figure 3 What were the most important reasons for your trip to the Royal Botanic Garden
Melbourne?
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Figure 4 What were the most important reasons for your trip to the Royal Botanic Garden
Sydney?
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3. Estimating visitation benefits using the TCM

3.1. The individual TCM

The TCM assumes that an individual must visit a botanic garden to consume
its services. The non-market benefits accruing to the individual from the bota-
nic garden can be inferred from the relationship between travel-cost expendi-
tures and the number of visits to the botanic garden. Travel cost is used as a
proxy for an entry price, with a change in price causing a change in consump-
tion (Freeman 1993; Garrod et al. 1993). More specifically, the individual
TCM stipulates that the number of visits (Vij) made by an individual i to
botanic site j is a function of a number of variables including the following:
the cost of travel to gain access to the site, plus any existing entry and parking
fees; socio-economic characteristics of individual i; the attributes of site j and
the cost of visiting substitute sites (Hanley and Barbier 2009). In this study,
the visitation model is specified as:

Vij ¼ fðTCij;SSij;Xij; eiÞ ð1Þ

where Vij = Number of visits by individual i to botanic garden j in the previ-
ous 12 months;
TCij = Travel cost variables by individual i to gain access to botanic gar-

den site j, these include distance costs for each individual i, time costs (which
is often approximated as a fraction of the wage rate) and any entry/parking
fee (which is charged for entrance to site j);
SSij = A dummy variable to capture whether individual i specified a sub-

stitute site to j (it takes on the value 1 for substitute sites and zero otherwise);
Xij = Vector of socio-economic characteristics of individual i (income,

education and age);
ei = Error term assumed to be normally distributed with constant variance

and zero mean.
An important statistical feature of the TCM given by Equation (1) is that

the dependent variable (Vij) can only take integer values. This kind of data is
known as ‘count data’ and using the standard ordinary least squares regres-
sion to estimate Equation (1) is not appropriate. A Poisson or negative bino-
mial regression method was used instead. The Poisson model has the
property that the conditional mean (expected value) should be equal to the
variance. However, if the variance is greater (or smaller) than the mean,
implying some over-dispersion (or under-dispersion) problem, then a negative
binomial regression should be used instead (Cameron and Trivedi 1986,
1998). Other problems associated with the application of count data models
for estimating recreation site demand using onsite surveys arise from two
sources (Chakraborty and Keith 2000):

1. The probability of being surveyed depends on the frequency of visits
(endogenous stratification).
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2. Non-users are often not sampled (truncation).

The standard Poisson and negative binomial estimators will be biased and
inconsistent if applied to a truncated sample. Hence, we used the zero-trun-
cated Poisson (ZTP) and zero-truncated negative binomial (ZTNB) regres-
sions to estimate Equation (1). These count data models are now widely
applied in recreation studies (Creel and Loomis 1990; Fix and Loomis 1998;
Coupal et al. 2002; Shrestha et al. 2002; Prayaga et al. 2010; Rolfe and
Dyack 2010).
A count data model which assumes a semi-log functional form, has

the simple and convenient property of allowing the estimation of CS per
visit as the inverse of the travel cost coefficient (Creel and Loomis 1990;
Englin and Shonkwiler 1995; Shrestha et al. 2002; Prayaga et al. 2010;
Rolfe and Dyack 2010). The demand function for recreational visits to
the botanic garden is specified in Equation (2), where Vr is the expected
number of visits, TC is travel costs per trip, and Xn is a vector of
explanatory variables.

lnVr ¼ b0 � b1TC� b2Dij � b3ðDij � TCÞ � b4TIMEþ � � � bnXn þ ei ð2Þ

CS ¼ � 1

b1

ð3Þ

Another methodological problem in the TCM is the incidence of multi-
purpose and multiple-site trips (Mendelsohn et al. 1992; Loomis 2006). It
has been shown that ignoring the cost of visiting other sites along the way
can bias the estimate of CS per trip upwards on average (Smith and
Kaoru 1990). The multiple-site issue was accounted for in this study using
a dummy variable Dij (it takes the value 1 for a multiple-site trip and zero
otherwise). This variable can be constructed to determine the allocation of
joint costs for multiple site trips. Following Stoeckl and Mules (2006, p.
501), a dummy variable (Dij) and an interactive dummy variable
(Dij * TC) were specified in the model (Eqn 2). This implies that the
model (and not the analyst) will determine how best to allocate joint
travel costs for multiple-site visitors. Data were collected about the differ-
ent activities that visitors engage in, including other sites visited as part of
the trip, time spent and the underlying reasons for the trip (Figures 2–4).
The information derived was then used to identify single- and multiple-site
visitors and to construct the appropriate dummy variables.
The variable TIME is the trip travel time in hours. The opportunity cost

of travel time is often included in the travel cost variable by using a frac-
tion (one-quarter) of the wage rate and then adding it to travel cost. This
is carried out to avoid multicollinearity between travel time and travel
cost. However, the popularity of botanic gardens implies a diversity of ori-
gins and travel times for individual visitors. Statistical tests confirmed
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sufficient independent variation to include travel time as its own variable.3

This separate treatment of the time variable can allow the determination
of the opportunity cost of travel time within the model, rather than the
analyst assigning a fraction of the wage rate. This approach has been
applied in many travel-cost studies (e.g. Loomis and Walsh 1997; Fix and
Loomis 1998; Shrestha et al. 2002).

3.2. Estimated travel-cost visitation models

Travel costs can be estimated in a number of different ways by changing the
definition and inclusion of variables used in the model. Historically, three
methods have been used for estimating travel costs (Bateman 1993; Common
et al. 1999). The first method uses only estimated fuel costs as a function of
distance while the second method captures estimated full car costs that
include fuel, insurance, maintenance and depreciation as a function of
distance. The third method uses ‘perceived’ costs as reported by the respon-
dents. This study used reported costs because it is most likely to represent the
opportunity costs that respondents considered when making their trip deci-
sion (Bennett 1996; Prayaga et al. 2010).
Figure 5 shows a graphical example of the data relating the number of trips

to the cost of the trip. It shows the expected inverse relationship where the
number of trips tends to reduce with increasing travel costs. The data appear
to exhibit over-dispersion problems, with a wide range of costs associated
with a single-trip frequency. Negative binomial models were used to account
for the problem of over-dispersion, while the truncated version of the model
was used to account for endogenous stratification. Results for the estimated
models using reported costs are summarised in Table 3. Based on model per-
formance, only the ZTNB model results are reported for discussion. In gen-
eral, the signs and significance of the variables included in the models are
consistent with economic theory and the valuation literature. The likelihood
ratio tests for alpha confirm the presence of over-dispersion across the three
estimated models and that the ZTNB models should be preferred over ZTP
models.
The results demonstrate that the travel-cost variables have negative signs

and are statistically significant (P £ 0.05) across all the models. This is consis-
tent with Creel and Loomis (1990), and Grogger and Carson (1991). Trans-
port cost as a price variable with negative sign is the main result of the
recreation demand model, indicating a downward sloping demand curve.
This implies that visitors to botanic gardens will take fewer trips as transport
costs increase. The price elasticity of demand was calculated from the esti-
mated models in Table 3 (values are )0.064, )0.047 and )0.049 for ANBG,
RBGM and RBGS, respectively). Demand elasticities for recreational trips

3 Correlation tests between travel time and travel cost yielded a maximum correlation coeffi-
cient of 0.42.
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are important in providing information to evaluate changes in visitation rates
if user fees were imposed. This result is relevant to guide policy decisions
because any measures that target transport-related costs (e.g. taxes on fuel,

Table 3 Estimated TC models of recreational visits to selected botanic gardens

Parameters ANBG RBGM RBGS

Travel cost )0.0159 ()4.75)*** )0.0118 ()3.46)*** )0.0109 ()3.67)***
Multiple sites )1.3545 ()8.25)*** )0.4927 ()7.05)*** )0.4211 ()4.29)***
Travel cost*multiple
sites

)0.0104 ()2.61)*** )0.0139 ()2.87)*** )0.0167 ()3.71)***

Travel time )0.0327 ()1.36) )1.5552 ()16.71)*** )0.3458 ()3.47)***
Duration )0.1294 ()2.60)*** )0.1842 ()7.46)*** )0.0944 ()3.81)***
Age 0.0074 (2.68)*** )0.0048 (2.75)** )0.0343 ()6.76)**
Male 0.0812 (2.59)*** )0.1232 (2.50)*** )0.2961 ()3.82)***
Income 0.0021 (2.68)*** 0.0126 (6.11)*** 0.0019 (5.73)***
Constant 2.0610 (9.22)*** 3.3086 (34.48)*** 3.6238 (23.68)***
Alpha (dispersion) 1.87*** 1.39*** 2.13***
Log likelihood )1346.15 )2008.30 )654.78
v2 value 127.28 940.72 285.21
No. of Obs. 519 224 610
CS/group ($) 62.98 84.68 91.66
95% Confidence
interval ($)

44.59–107.18 54.08–195.02 42.2–135.30

CS/person trip ($) 27.38 42.34 45.83
95% Confidence
interval ($)

19.39–46.60 27.04–97.51 21.10–67.65

CS for multiple-
site trips ($)

16.53 19.46 18.12

Notes: TC, travel cost; ANBG, Australian National Botanical Garden; RBGM, Royal Botanic Garden
Melbourne; RBGS, Royal Botanic Garden Sydney. Coefficients are given with t-statistics in parentheses.
**P < 0.05; ***P < 0.01; the log likelihood reported is for the full sample. Estimated average group size
are as follows; 2.3, 2.0 and 2.0 for the ANBG, RBGM and RBGS, respectively. The CS for single/multi-
ple-site visitors are adjusted by the group size. Marginal effects are not reported for the purpose of brevity.
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Figure 5 Relationship between travel costs and the number of visits to the Australian
National Botanical Garden.
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parking fees etc) will influence the quantity demanded of annual trips to bota-
nic gardens. Hence, a policy option that implies changing the parking fees
might change consumer recreational behaviour. The negative sign on the
travel-cost variable is strongly supported by the travel-time variable, with a
negative and statistically significant coefficient (P £ 0.05) in all the models.4

The interactive dummy variable for multiple-site trips is also negative and
statistically significant (P £ 0.05) across all the models. This variable was
used to capture whether or not respondents visited any other sites on their
trip to the botanic gardens. The negative coefficient on this variable simply
indicates that the availability and use of multiple sites suppresses the demand
for trips to the botanic gardens, consistent with a priori expectations and pre-
vious studies (e.g. Stoeckl and Mules 2006; Rolfe and Dyack 2010). This
means that values for the botanic gardens are lower because respondents
visited other sites along the way. In other words, the total surplus from the
trip is shared across multiple sites.
The coefficient of the duration of the visit variable is statistically significant

(P £ 0.05) with a negative sign in all the estimated models, consistent with
Creel and Loomis (1990). In general, the longer trip duration is likely to reduce
frequency of visits to the selected botanic gardens. This is a similar finding to
that reported by Shrestha et al. (2002) who looked at recreational fishing in
the Brazilian Pantanal. The mean duration of the trip to the selected botanic
gardens is approximately 2.5 h, averaged for the three sites (from Table 2).
Our results show that the demand for visits to botanic gardens is sensitive

to income, with the coefficient of income elasticity being positive and statisti-
cally different from zero (P £ 0.05). With respect to other socio-economic
characteristics, the results suggest that the annual number of trips to the
RBGM and RBGS is expected to be significantly higher (P £ 0.05) for youn-
ger, female visitors, than for the average respondent. However, the signs of
both variables were reversed in the ANBG model, suggesting that the effect
of socio-economic variables may be site-specific. However, it is more likely to
be the case that the RBGM and RBGS are very different in characteristics to
ANBG and so attract a different type of visitor.

3.3. Visitation benefits derived from botanic gardens

The economic values of visits to botanic gardens were derived using the trip
generation functions reported in Table 3. Following Creel and Loomis

4 A cautionary note is appropriate here. The decision to treat travel time as a separate vari-
able from travel costs introduces limitations in interpreting this result. It implies that the coeffi-
cient on travel-cost variable does not capture the full effect of travel costs because the cost of
time has not been explicitly estimated. The most that can be said is that it is likely to be smaller
than the ones reported here (e.g. more negative than )0.0159 and more negative than )0.0263,
in the case of ANBG, for example) as time has the expected negative effect on visitation. Thus,
the estimates of CS presented in this study are likely to overstate true population measures. We
thank the reviewers for these observations.
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(1990), the mean CS per-trip estimates for single-site visitors were obtained
using the negative inverse of the coefficient of travel-cost variable (�1=ð�bÞ).
To account for ‘group’ costs of travel (e.g. fuel costs), the estimated CS was
divided by the average group size for the sample in order to estimate the indi-
vidual per-trip CS for single-site visitors. We note that dividing by group size
implicitly assumes that each member of the group receives equal surplus.
Confidence intervals were constructed using the formula below (Fix and
Loomis 1998).

CSL ¼
1

½bTC þ 1:96ðseÞ� ; CSU ¼
1

½bTC � 1:96ðseÞ� ð4Þ

The CS values per person trip and the 95 per cent confidence intervals per
trip for the single-site visitors are given in Table 3. The model predicts that
the average CS attributable to recreation in the botanic gardens lies between
$27 and $46 per visitor per year. In other words, if the selected botanic gar-
dens were closed to visitors for an entire year, the total recreational welfare
loss would equal, on average, $39 per individual. Note that the CS estimates
for the RBGM and RBGS are significantly higher than that for ANBG. As
hypothesised, the RBGM and RBGS are different in character to ANBG.
The products and experiences offered at the RBGM and RBGS differ sub-
stantially from those provided at the ANBG. Another plausible explanation
may be the availability of substitute or complementary sites.
The next step is to compute the correct coefficient associated with travel

costs for multiple-site visitors, and this will equal the coefficient of the travel
cost variable plus the coefficient on the interactive dummy variable
(�1=ðb1 þ b3Þ). For example, the results from Table 3 for the ANBG only
show the travel-cost coefficient = )0.0159; the coefficient of the interactive
dummy variable = )0.0104; and thus the mean CS for multiple-site visi-
tors = )1/()0.0159 + )0.0104) = )1/)0.0263 = $38.91. After adjusting
for the average group size for the sample (2.3), the mean CS per person trip
for multiple-site visitors is approximately $17 for the ANBG. This calculation
is repeated for the RBGM and the RBGS. The mean CS per person trip for
multiple-site visitors to the selected botanic gardens is, on average, $18
(Table 3).
The social welfare value of recreational opportunities in the botanic gar-

dens can be estimated using the total annual trips to each botanic garden by
the visitor population (Garrod et al. 1993; Shrestha et al. 2002). An estimate
of the aggregate annual CS for each botanic garden was generated in three
steps:

1. The mean CS per person trip for single-site visitors was multiplied by the
estimated annual number of single-site visitors (which is calculated as the
proportion of single-site visitors in the sample x the total number of
visitors).
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2. The mean CS per person trip for multiple-site visitors was multiplied by
the estimated number of multiple-site visitors (which is calculated as the
proportion of multiple-site visitors in the sample x the total number of
visitors).

3. The two estimates were added to obtain the total CS.

Note that these calculations assume that the sample is representative of the
visitor population. Based on 2010 visitor statistics, the total social welfare
values are approximately $10.45 million, $59 million and $124 million for the
ANBG, RBGM and RBGS, respectively, in 2010 Australian dollars
(Table 4).

4. Contingent valuation results

4.1. Results from payment principle question

In addition to questions about travel behaviour, the questionnaire asked
respondents whether they would be willing to pay an entry fee (or higher
parking charge in the case of the ANBG) to gain access to the botanic gar-
dens. Questions of this nature are often used in recreation demand surveys to
elicit some measure of respondents’ WTP to use or to gain access to a specific
site (Garrod et al. 1993; Nunes and Van den Bergh 2004). The use of a per-
visit ‘price’ surrogate such as an entry fee focuses respondents’ attention on
their marginal WTP. This is in contrast to the focus on CS estimation in the
TCM. Hence, the two methods are delivering estimates of two different con-
cepts of value.
As well as using a DC question, a follow-up open-ended WTP question

was included to improve the statistical efficiency of the WTP estimates (Bat-
eman et al. 2002). If the response to the open-ended question was a zero
WTP, then the respondent was asked to indicate his or her main reason for
this choice. By locating the CVM questions at the end of the questionnaire,
the survey ensured that respondents were already aware of budget constraints
and opportunity costs. In the dichotomous choice format CVM, responses

Table 4 Aggregate annual consumer surplus (CS) estimates for the selected botanic gardens

Parameters ANBG RBGM RBGS

Mean CS per trip ($)–single site visitors 27.38 42.34 45.83
Mean CS per trip ($)–multiple site visitors 16.53 19.46 18.12
Estimated No. of single-site visitors 308,958 1,128,498 1,965,923
Estimated No. of multiple-site visitors 120,151 581,348 1,888,828
Estimated CS–single site visitors ($) 8,459,283 47,780,621 90,098,228
Estimated CS–multiple site visitors ($) 1,986,088 11,313,025 34,225,554
Total CS ($) 10,445,371 59,093,646 124,323,782

Notes: ANBG, Australian National Botanical Garden; RBGM, Royal Botanic Garden Melbourne;
RBGS, Royal Botanic Garden Sydney. Visitor statistics for the year 2010 taken from the annual reports of
the botanic gardens.
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are ascertained when different prices are used. Seven different price levels
were used for the payment bid in this CVM exercise ($1, $3, $4, $5, $7, $9 and
$10). The wide range of bid price levels was used to account for uncertainty
about the range of WTP for different respondents. Seven different versions of
the survey with the rotating CVM bid levels were offered at random to recrea-
tion users. The text of the CVM question read as follows:
Q13. Suppose that visitors to the RBGS were asked to help fund conserva-

tion activities that protect the collection of plants in the gardens, would you
be willing to pay to fund such programs, for example through paying entry
fees of $5.0 for access to the garden? Current entry fee is $0.00.

Yes → Go to Q14/Q16. No. → Go to Q14/Q15.

Q14. What is the most that you would be prepared to pay, through entry
fees, to help fund conservation activities at the RBGS? $____________
Respondents who stated ‘No’ to the DC WTP question represented on

average about 50 per cent of the survey sample at the three selected botanic
gardens (Tables 5 and 6). We explored why this number of respondents opted
to stay out of the market. The primary stated motive for not being willing to
pay anything was that the Australian Government should cover the costs, and
a secondary reason was that changing entry or parking fees may be a deterrent
for some visitors. Some respondents preferred to give a voluntary donation
while other reasons were not disclosed. The other well-known reason might
have been the strategic behaviour to ‘free ride’. Dealing with protest zero bid-
ders is a critical issue in CV studies. As these reasons suggest a zero valuation
of the proposed change (or reflect a disapproval of the payment vehicle), we
used the strategy of considering them as real zero bids. This results in conser-
vative estimates of the visitors’ WTP (Santagata and Signorello 2000).

4.2. WTP estimation from single-bounded DC valuation question

Tables 5 and 6 summarise the basic data set derived from the single-bounded
DC valuation question for the survey sample. For each bid price, the tables

Table 5 Distribution of responses to parking fee increases (ANBG)

Bid price ($) Rejecting bids, ‘no’ Accepting bids, ‘yes’ Total

Number % No Number % Yes

2 5 0.21 19 0.79 24
2.4 27 0.41 39 0.59 66
2.6 26 0.44 33 0.56 59
3.8 159 0.47 176 0.53 335
4 42 0.66 22 0.34 64
5 40 0.68 19 0.32 59
Total 299 0.49 308 0.51 607

Notes: ANBG, Australian National Botanical Garden. Some neighbouring price bands have been merged
together.
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show the number of respondents facing that bid, the number of ‘yes’
responses and the proportion of ‘yes’ responses. The pattern of responses
confirms diminishing levels of support as the cost increases. The dichotomous
choice data set was analysed using (i) a logit regression model; and (ii) a
Turnbull estimator (Haab and McConnell 1997, 2002). The logit model is
parametric because it is based on the assumption that in the population the
latent true variable WTP follows a logistic distribution. The logit model is
specified as follows:

ln
probðyesÞ

1� probðyesÞ

� �
¼ a� b1 � bidpriceþ b2 � incomeþ b3 � age ð5Þ

where bidprice is the dollar amount the individual was asked to pay; income
and age were previously defined; a and b are the model parameters to be esti-
mated.
The results of the logit model estimation are presented in Table 7. In all the

three estimated models, the coefficients have the expected signs and are statis-
tically significant (P £ 0.05). From the estimated logit equations, the expected

Table 6 Distribution of responses to entry fee question, by location

Bid price ($) RBGM

% yes

RBGS % yes

Total No. of ‘yes’ Total No. of ‘yes’

1 30 26 0.87 99 78 0.79
3 39 21 0.54 181 92 0.51
4 35 17 0.49 – – –
5 39 14 0.36 87 41 0.47
7 40 11 0.28 159 33 0.21
9 25 7 0.28 – – –
10 32 7 0.22 95 19 0.20
Total 240 103 0.43 621 263 0.42

Notes: RBGM, Royal Botanic Garden Melbourne; RBGS, Royal Botanic Garden Sydney. Some neigh-
bouring price bands have been merged together to maintain monotonicity condition.

Table 7 Estimated logit models

Parameters ANBG RBGM RBGS

Bid price )0.6794 ()5.84)*** )0.2841 ()5.34)*** )0.2931 ()9.25)***
Constant )2.2644 ()5.81)*** )1.2096 ()3.98)*** )1.2141 ()6.74)***
Log likelihood )402.12 )147.26 )372.22
v2 value 37.11 33.35 101.85
No. of obs. 607 240 621
Mean WTP ($) 3.48 5.18 5.03

Notes: ANBG, Australian National Botanical Garden; RBGM, Royal Botanic Garden Melbourne;
RBGS, Royal Botanic Garden Sydney. Coefficients are given with t-statistics in parentheses. **P < 0.05;
***P < 0.01. The log likelihood reported is for the full sample.
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value of the mean WTP, E(WTP), was calculated using the formula devel-
oped for a WTP distribution truncated at zero in the left side (Hanemann
1984; Carson and Hanemann 2006), as given below:

Mean WTP ¼ 1

b1

� �
lnð1þ expðaÞÞ ð6Þ

The Turnbull estimator is a non-parametric or a ‘distribution-free’
approach (Turnbull 1976). Full details on how to use a non-parametric
approach to analyse CVM data can be found in Haab and McConnell (2002)
and Hanley and Barbier (2009). A similar procedure was followed when
applying the Turnbull estimator to estimate a lower-bound for the mean
WTP. The equation for the Turnbull estimator is (Hanley and Barbier 2009).

EðWTPÞ ¼
XM
j¼0

tjðFjþ1 � FjÞ ð7Þ

where Fj is the probability that a respondent will say ‘no’ to a bid price of tj;
the quantity ðFjþ1 � FjÞ is the difference between the proportion of ‘no’
responses at a given price and the proportion of ‘no’ responses at the next
lowest price, this quantity is then multiplied by the bid price. These amounts
are summed together. It is assumed that the probability of saying ‘no’ to a
zero price is zero, and the probability of saying ‘no’ to a ‘choke price’ is one.
Table 8 reports the mean WTP estimates for the three selected botanic gar-
dens. As expected a priori, all parametric mean WTP values are bounded
from below by the estimated lower-bound Turnbull mean WTP values.

4.3. WTP estimation from the open-ended valuation question

Table 9 reports results from the open-ended WTP question. The open-ended
WTP values are smaller than the single-bounded DC mean. There are a num-
ber of possible explanations for this disparity. One argument could be ‘strate-
gic bias’ leading to understatement of the true WTP. Another explanation
may be that answering an open-ended question is a more difficult task as
quantitative information is required (Alberini and Khan 2006). Where cogni-
tive difficulty and preference uncertainty are present, it is more likely that

Table 8 Single-bounded discrete choice and Turnbull estimates of mean WTP ($)

Model ANBG (parking fee) RBGM (entry fee) RBGS (entry fee)

Logit 3.48 5.18 5.03
Turnbull 2.97 4.11 3.81

Note: Conventional logit model used to estimate mean WTP. Formulas and procedures are given in the
text.
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individuals will give lower values. Conversely, DC data may also be affected
by a certain degree of ‘yea-saying’ (Blamey et al. 1999). This could bias DC
estimates of mean WTP upward.
A number of studies have reported a certain bias in CV surveys where an

open-ended valuation question format followed a DC question format (e.g.
Santagata and Signorello 2000; Bateman et al. 2002; Alberini and Khan
2006). This anomaly is known as the ‘anchoring’ effect, whereby the open-
ended WTP values are not independent of the bids that were randomly dis-
tributed among the respondents in a CV survey. The anchoring effect can be
regarded as a type of starting point bias. The presence of the anchoring effect
was tested by regressing the open-ended WTP values on the bid price used in
the previous stage of the questionnaire. These linear regression models indi-
cated that the coefficient estimate of the bid price was not statistically differ-
ent from zero in all the estimated models. Hence, our data set does not
appear to have a serious anchoring problem. Further inspection of the data
set supports this conclusion. The percentage of cases in which the stated WTP
was equal to the randomly distributed bid price averaged 14 per cent for the
three surveys.
The possibility that the WTP estimates reported above may be biased

downwards cannot be ignored. Hence, an alternative analysis of protest
responses was conducted to provide a comparison with the existing results.
Table 9 demonstrates the empirical consequences of excluding protest zero
votes altogether from the data set. The mean and median WTP values derived
from the open-ended WTP responses increase across the three botanic gar-
dens by 15 per cent, on average. This indicates that caution may be needed
whenever open-ended WTP data might contain a large number of protest
zero bids. The decision to include, modify or exclude protest zero bids can
have a significant impact on aggregate value estimates of WTP.

4.4. WTP valuation functions

It is standard practice in CVM studies to estimate a valuation function that
relates discrete choice or WTP to variables that are expected to have an

Table 9 Open-ended WTP estimates ($)

Protest zero bids included Protest zero bids excluded

Mean Median SD Mean Median SD

ANBG 3.21 3.00 2.53 3.65 3.00 2.38
RBGM 4.20 4.00 3.36 4.89 5.00 3.12
RBGS 4.18 4.00 3.78 4.79 5.00 3.66

Notes: WTP, willingness to pay; ANBG, Australian National Botanical Garden; RBGM, Royal Botanic
Garden Melbourne; RBGS, Royal Botanic Garden Sydney. Mean WTP estimates generated using a Tobit
model.

514 P. Mwebaze and J. Bennett

� 2012 The Authors
AJARE � 2012 Australian Agricultural and Resource Economics Society Inc. and Blackwell Publishing Asia Pty Ltd



influence on the choice or on the stated WTP amount. This explorative esti-
mation allows us to perform a test of construct and theoretical validity by
determining whether choices or WTP amounts are significantly related to
variables suggested by economic theory. A large number of variables were
available for inclusion in the valuation functions. Table 10 gives the esti-
mated logit models that best fitted the data. The coefficients on the bid price,
distance, frequency of visits, age and income were statistically significant
(P £ 0.05) and of the expected signs, consistent across the three models. The
results indicate that the relative probability of a ‘yes’ decreases with increases
in the ‘cost’ asked of a respondent and increases with income, which is consis-
tent with economic theory. In the RBGM and RBGS models, the older and
male respondents were less likely to contribute entry fees or higher parking
charges. However, the signs of these variables were reversed in the case of
ANBG. This suggests the effects of these variables might be site-specific. Note
also that respondents with a high visitation frequency have a lower WTP than
the average respondent. Respondents who travel longer distances (and so
incurred higher travel costs) have a lower WTP. This indicates that the values
obtained with the TCM and CVM are consistent. Hence, the TCM has
captured other value categories than the CVM.
The open-ended valuation functions are reported in Table 11. Following

Greene (1997) and Santagata and Signorello (2000), the multivariate linear
equations were estimated using a Tobit regression model, as data are cen-
sored at zero. The Tobit models reinforce the signs and significance of the
variables already obtained in the logit valuation functions. The signs and sig-
nificance are consistent across all the estimated models. Again, the WTP was
higher for individuals with higher income and less for respondents who travel
longer distances and incur higher travel costs. In the RBGM and RBGS mod-
els, the results from the Tobit model confirm that the older and male respon-
dents were willing to pay less than younger, female respondents. The signs of

Table 10 Logit valuation functions

Parameters ANBG RBGM RBGS

Bid price )0.0623 (5.20)*** )0.0211 (2.09)*** )0.0288 (7.86)***
Distance )0.0003 ()2.24)** )0.0004 ()2.40) )0.0002 ()2.55)**
No. of visits )0.0021 ()2.32)** )0.0247 ()2.24)** 0.0111 (2.35)**
Age 0.00301 (2.55)** )0.0812 ()2.10)** )0.0248 ()3.12)***
Gender 0.0333 (2.19) )0.4805 ()2.51)** )0.2271 ()2.10)
Income 0.0063 (2.06)** 0.0102 (2.97)** 0.0634 (2.25)**
Constant )2.1753 ()4.61)*** 2.5777 (1.38)** )0.3709 ()1.23)
Log likelihood )374.99 )125.26 )278.78
v2 (5) 130.35 40.80 89.96
No. of obs. 563 213 503

Notes: ANBG, Australian National Botanical Garden; RBGM, Royal Botanic Garden Melbourne;
RBGS, Royal Botanic Garden Sydney. Coefficients are given with t-statistics in parentheses. **P < 0.05;
***P < 0.01. The log likelihood reported is for the full sample.
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these variables are reversed in the case of the ANBG. Finally, respondents
with a high visitation frequency have a lower WTP than the average respon-
dent.

5. Comparison of TCM and CVM estimates

Given the functional form used for the TCM demand function (Eqn 2), it is
possible to calculate the marginal change (DCS) in CS for a single trip. Fol-
lowing the ZTNB regression model, the partial derivatives (or marginal
effects) were derived with respect to the travel cost variable, and then the
negative inverse (�1=ð�bÞ) was used to approximate the marginal change in
CS, DCS. Confidence intervals were also constructed around the marginal
values using the formula in Equation (4). The marginal CS values per person
trip and the corresponding 95 per cent confidence intervals per trip are given
in Table 12.
We are now in a position to compare the TCM and CVM estimates. The

CVM exercise asked visitors for their WTP for entry or parking fees to gain
access to three botanic gardens. The analyses resulted in a positive mean
WTP of between $4 and $5 per trip for entry fees and approximately $3 per
hour in higher parking fees to the botanic gardens. The TCM estimates are

Table 11 Tobit valuation functions

Parameters ANBG RBGM RBGS

Distance )0.0002 (2.65)*** )0.0007 ()2.63)** )0.0003 ()2.32)**
No. of visits )0.0095 ()2.08)*** )0.0004 ()2.02)** )0.0149 ()2.09)*
Age 0.0051 ()1.65) )0.0021 ()2.11)** )0.0398 (2.60)**
Gender 0.0071 (2.03)** )0.5264 ()1.96)** )0.2129 ()2.57)
Income 0.0002 (2.66)*** )0.0037 (2.36)** 0.0041 (2.06)**
Constant 3.2783 (9.04)** 1.3263 (2.78)*** 2.6683 (5.34)***
Log likelihood )168.22 )99.46 )112.72
v2 (7) 119.19 100.00 126.95
No. of obs. 505 213 467

Notes: ANBG, Australian National Botanical Garden; RBGM, Royal Botanic Garden Melbourne;
RBGS, Royal Botanic Garden Sydney. Coefficients are given with t-statistics in parentheses. **P < 0.05;
***P < 0.01. The log likelihood reported is for the whole sample.

Table 12 Marginal consumer surplus derived from the TCM ($)

@V=@TC Lower 95%
CI marginal CS

Mean marginal CS Upper 95% CI
marginal CS

ANBG )0.0643 4.78 6.76 13.27
RBGM )0.0471 7.13 10.62 20.84
RBGS )0.0491 4.67 10.21 14.32

Notes: TCM, travel-cost method; ANBG, Australian National Botanical Garden; RBGM, Royal Botanic
Garden Melbourne; RBGS, Royal Botanic Garden Sydney. Marginal effects (dy/dx) following ZTNB
regressions estimated using stata 11.
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significantly larger than the CVM values. We argue that this is because the
TCM estimates the average WTP (as a Marshallian CS) while the CVM
estimates the marginal WTP. At the margin, the surplus gained from a visit
is likely to be lower than the average because of diminishing marginal util-
ity. This is supported by the analysis presented in Table 12. The mean val-
ues of the marginal CS derived from the TCM are much closer to the mean
CVM estimates. However, as noted earlier in the study, it should be re-iter-
ated that the TCM estimates are likely to overstate true values of CS.
There may be other reasons for the differences. First, the CVM responses

may be conditioned by a consumer desire to maintain some surplus after pay-
ment of the entry fee. Second, the responses to the CVM questions may be
influenced by the expectations of what an entry fee is likely to be. Such expec-
tations would be formed from experiences in other, substitute, recreational
venues. This could be regarded as a form of anchoring.
Other researchers have similar alternative explanations for this disparity.

For example, Rolfe and Dyack (2010) suggest that different decision points
used by respondents in answering the two types of questions can drive differ-
ences as can the recognition of substitute sites. Strategic and uncertain
responses to the CVM can also create differences. It can be argued that after
reminding respondents about the cost of travel and then asking if they would
be WTP an additional amount (entry fee), the respondent is more likely to
change his/her individual assessment of the opportunity cost of the trip and
hence the decision of whether or not to visit the botanic garden. This change
might affect the CVM response.

6. Conclusions

Recreational trips to botanic gardens are a popular activity in Australia. The
frequency of visits to the three botanic gardens targeted in this study are lar-
gely influenced by transport costs, proximity of multiple sites and visitors’
socio-economic characteristics such as age, gender and income. Their average
CS estimate per trip of approximately $39 for single-site visitors and $18 for
multiple-site visitors are higher than the average CS figures reported from
other recreational studies in botanic gardens around the world. This study

Table 13 Cost and benefit estimates for selected Australian botanic gardens

Parameters ANBG RBGM RBGS

Total annual visitation benefits ($M) 10.45 59.09 124.32
Total annual operating costs ($M) 9.65 18.38 41.64
Net benefits ($M) 0.80 40.71 82.68
Indicative benefit/cost ratio 1.08 3.22 2.99

Notes: ANBG, Australian National Botanical Garden; RBGM, Royal Botanic Garden Melbourne;
RBGS, Royal Botanic Garden Sydney. Source: Costs taken from Annual Reports of the respective botanic
gardens for the financial year 2009–2010. Benefits estimates derived using the TCM.
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shows the total welfare measure attributable to recreational trips to the three
botanic gardens in Australia is around $194 million annually. In contrast, an
earlier TCM study of four botanic gardens in the UK generated a smaller CS
per single visit of £2.24 ($3.58) in 1993 (Garrod et al. 1993). However, there
are several differences in the character of these two studies; for example, the
size of the botanic gardens investigated, their location, the functional forms
and estimation procedures implemented. A range of methodological issues
may potentially explain the differences between the values estimates. None-
theless, the values obtained in this study are within one order of magnitude of
other recreational activities in Australia. For example, Stoeckl and Mules
(2006) estimated the average CS attributable to recreation in the Australian
Alps to lie between $280 and $860 per visitor per year. Prayaga et al. (2010)
used the TCM to estimate the value of recreational fishing in the Great Bar-
rier Reef to be approximately $167 per trip per angler. Rolfe and Dyack
(2010) estimated values per adult visitor per recreation day at $149 with
the TCM and $116 with the CVM for recreation in the Coorong, along the
Murray-Darling River.
Finally, it may be worthwhile to compare the costs and benefits to the bota-

nic gardens. This comparison is given in Table 13. We acknowledge that the
TCM estimates of consumer benefits are sensitive to assumptions about the
visitor population from which a sample is drawn (Common et al. 1999).
Hence, a degree of caution should be exercised when interpreting and using
these estimates. In this study, the TCM estimates are treated as ‘indicative’
values. Comparing the estimates obtained in this study with the total cost of
government funding indicates that the TCM estimates of the welfare benefits
of recreation at the three botanic gardens outweigh the operational costs
at the selected botanic gardens by a ratio of between 1.1 and 3.2. Botanic
gardens represent a good investment of public funds.
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