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ABSTRACT

This paper combines recreational choice modellmyeconomic valuation with GIS based techniques
to allow an assessment of the spatial diversitjoodst recreation. The paper reports on a national
study of the recreational use of Danish forestssitéd random utility framework is used and a
comparison between the standard fixed coefficieateh and a mixed logit model is made. The
results show that the different specificationshe tandom utility models reveal similar preferences
for the measured forest attributes in terms of sigd magnitude. The spatial predictions, however,
reveal a considerable difference in the variatibaamnomic benefits from recreation between the two
models.

Key words: Mixed Logit, Forest Recreation, GIS.



1. Introduction

The use of discrete choice models for studying eatonal activities and assessing the
economic values of these activities is well esthigld in environmental economics (Bockstael et al.,
1987; Morey et al.,, 1993). Recent advances in flingetechniques include the development of
simulated choice probabilities and in particulaxed logit models (Revelt and Train, 1998; Train,
1998). Using such approaches environmental ecatsrhiave begun to investigate the effect of
heterogeneous preferences on benefit estimatiormitofoor recreation (Breffle and Morey, 2000;
Chen and Cosslett, 1998; Provencher and Barenkl@02; Train, 1998). Furthermore, the
development of mixed logit models has facilitated implementation of more general patterns of
substitution between sites (Herriges and Phandd®2Y which have addressed one of the main
criticisms of the conditional logit model, namely festrictive substitution assumptions.

However, heterogeneity is not only present in pespbreferences, but is also present in the
spatial distribution of recreational opportunitiesviost applications of standard conditional logit
models aggregate the recreational sites to su@xt@nt, that a large part of the spatial heterogene
represented by the variability of the attributeshaf sites in the choice set, is lost from the .dathe
use of Geographical Information Systems (GIS) tocpss spatial data should allow a much larger
proportion of the heterogeneity of spatial elemdatbe captured. In addition to site attributés t
spatial elements include population densities, menivorks and broader landscape characteristics.
Recently, GIS have been implemented in travel csisidies (Bateman et al., 1996; Bateman et al.,
2002; Brainard et al., 1999), but despite the ssscé these studies environmental economists have
not yet fully exploited the capabilities of GIS icapturing behavioural responses to spatial
heterogeneity in recreation studies.

In this paper we aim to capture both of these ssuof heterogeneity by using mixed logit
models with a high resolution spatial dataset withiGIS environment. We apply these techniques to
model forest recreation patterns in Denmark usimgtzonal data set collected by the Danish Forest
and Landscape Research Institute. This givesrnrdton on 28,947 recreational trips with precise
locations of trip origin and destination. Landseajpdices derived from the GIS are used to
characterise the individual destinations. Theiapdistribution of the population, socio economic
characteristics and the road network enables stmonlaf the spatial patterns of recreational values
and the spatial distribution of values associatétth &lternative policy initiatives. The estimated
recreational choice models incorporate taste vanand error components in the choice probahilitie
by using a mixed logit model. To evaluate the mitegit model's ability to capture the spatial
variability in the data it is bench-marked agaitis# more conventional conditional logit approach,
which does not allow for taste variation and hass#rictive substitution pattern.

The choice probability models specify the choicstidations, they do not however address
total demand. To estimate total demand we useuadimld data set that gives the information to
model demand separately by using a count data agipras previously done by others (Hutchinson et
al., 2003; Romano et al., 2000) who followed a nembf seminal papers (Feather et al., 1995;
Hausman et al., 1995; Parsons and Kealy, 1995Bad#stael**. The Danish Forest and Landscape
Research Institute also collected this datasetgsopthe national study of outdoor recreatiorfahe
Danish public.

Using spatial demographic and socio-economic natiafata the predictive differences
between the mixed logit (MXL) and the conditionadjit (CL) models are evaluated for all woodlands
in Denmark above 10 hectares. We assess the f{ivedicalues associated with three policy
initiatives: 1) increasing the area of all existifigrest areas by 10 hectares, Il) increasing the
proportion of the broadleaved areas by 5% andadlgring land uses adjacent to forested areas
increasing the boundaries with semi-natural vegetdly 5%. The expectation is that the mixed logit
model will capture much more variation in the ramjegredictive values associated with the policy
under evaluation than the fixed taste coefficiegitl model can. Coupling the results of the model
estimations and high resolution national datas&tswGIS enables a more accurate evaluation of the
spatial diversity in recreational values. We ilfage this by mapping the spatial pattern of ecdnom
values associated with individual forest sites #mal pattern of welfare change resulting from the
above mentioned policies by changing site attribaieindividual sites. We also consider the spatia
distribution of welfare changes accruing to thecelaf origin of individuals. This analysis genesat



spatial patterns of economic values highlighting tbsidential locations of individuals benefitirng t
most/least from implementation of individual podési

The nature of the data is particularly important tlee work presented in this paper. We therefore
choose firstly to describe the data source in satatil before we introduce the modelling
methodology. This is followed by the results af inalysis and discussion of the findings.

2. Data

Data from two separate surveys are used in thdys#n on-site questionnaire survey is used
to estimate the Random Utility Models while a hdwsd survey is used to estimate the total demand
for car borne recreational trips. The evaluatibpdaicies at the national level further requiregalon
the spatial distribution of the population and thsgicioeconomic characteristics.

2.1 The on-site survey data

The on-site questionnaire survey of car borne edie covering the most important
recreational areas in Denmark were used for thidyst The sampled area accounts for approximately
75% of the annual recreational trips (Jensen, 2008}a were collected simultaneously at all sig2s,
times during the year-long period of the study (@wber 1996 to November 1997) by the Danish
Forest & Landscape Research Institute. The samditherefore choice-based, however contrary to
most choice-based surveys, the survey has beegnédsso that sampling effort on each site is
identical. Questionnaires were distributed to cats visiting the forest areas during one ¥ hour
period. The identical sampling effort at all sitiesplies that the population proportions visiting
individual sites can be assumed identical to tinepda proportions. Questionnaires were distribated
2,095 locations. A response rate of approximaf€9o resulted in the return of around 40,000
guestionnaires. Questionnaires where the recretitaps could not be precisely identified because
of incomplete trip origin data were excluded angstrwithin, to or from the island of Bornholm,
situated approx. 200 km from mainland Denmark,ensdso excluded. This left a sample of 28,947
questionnaires for the analysis. The origins efttips were digitised through postal addressexusi
software developed to assign postal addressestadhrest node in the Danish road network (Carl
Bro, 1997). The 2,095 survey locations were grdup# 581 continuous recreational areas identified
by local forest managers to be separate recreatsites. The most centrally located questionnaire
distribution point was chosen as the representdteation of each recreational site. Travelling
distances from the trip origin to the trip destioatand to alternative sites were calculated using
1:200,000 scale vector road map (VejnetDK) (Korthatrikelstyrelsen/Vejdirektoratet, 1995). It is
assumed that people have used the shortest rosgédfe

Potentially important site attributes have beenvedrfrom several data sources and handled
within the GIS. The area information system, AISil{ & Energiministeriet and Danmarks
miljgundersggelse, 2000), contains information lo@ $patial distribution of forests, semi natural
vegetation such as heather moorland, meadows, rpagture, lakes, bogs and rivers and different
categories of built up areas. This area informasigstem has been used to derive site attributds suc
as the size of the contiguous forested area asedcisith each site, distance to water features,
adjacency of the forested area to other areasnoff isatural vegetation. The forest area was further
classified into broadleaved forest, coniferous gorand scrub vegetation, based on LandSat TM
satellite images (Miljg og Energiministeriet andndarks miljgundersggelse, 2000). This data source
enabled the computation of the fraction of eacledbtype for each site. Location of marked nature
trails and viewpoints were obtained from “the iatdive map of Denmark” (Kort-og
Matrikelstyrelsen, 2001). This enabled derivatibnhe distance from location of the site to thegiori
of marked nature trails and viewpoints. Classifaratof the terrain was based on a 50 x 50 metre
digital elevation model. The mean slope calculdtgda 1 km grid was used as a measure of the
terrain (Skov-Petersen, 2002). Information on pagKiacilities was available from the survey. The
site attributes used in the final model specifmatihow they have been measured and their sourees a
given in Table 1.

2.2 The household survey data
A household data set available for the study wédleated in 1993/1994 by the Danish forest
and Landscape Research Institute (Jensen and HO&T). 2,895 people were randomly selected



from the Danish population in the age group betwEeiand 76 years, from the national register. The
questionnaires were posted at 12 individual timand one year, 243 questionnaires at each selected
time. This resulted in 2,424 completed questiomsaia response rate of 83.7% (Jensen and Koch,
1997). However, the usable sample was reducedeagnly included respondents we were able to
geo-reference, not all questionnaires were complateindividuals from the island of Bornholm were
excluded, leaving 1,494 questionnaires for theyama(Table 2).

2.3 Demographic and socio-economic data

The demographic data originates from a digitalgtamap of 2,116 parishes with information
on male and female population divided into 6 agess#s. Finer resolution data, allocating population
segments to nodes in the road network, were availibm the Danish Forest and Landscape
Research Institute. The spatial disaggregatioh@fpbpulation was generated using an urban land use
map (100x100m resolution) (Skov-Petersen, 2002)forination on average income was available
from Danish Statistic at the parish level. Theadae explained in Table 3.

3. Methodology

The trip allocation models are specified as Randhility Models, estimated using different
assumptions about heterogeneity of taste and pattdrsubstitution. We use a MXL specification to
allow for continuous taste heterogeneity and tooohice correlation among utilities from substitute
sites. The standard fixed coefficients CL speciiirais reported as a benchmark. The total number o
trips per individual is specified as a count pragdés account for the integer nature of the depande
variable (Hellerstein and Mendelsohn, 1993).

3.1 The Random Utility Models

We choose a discrete choice approach (Ben-Akivhlamman, 1985; Haab and McConnell,
2002; Train, 2003) to model choices between reieal sites for a single choice occasion. This
assumes that an individual chooses thej $item the set of available sitdswith the highest expected
utility from the visit. A general representativelity function of visit to sitej of individualn, vy, is

specified. The utility function includes taste iadility in site characteristic; , and an unobserved

component,u, , which account for flexible substitution patternghe utility that individuain gains
from visiting sitej is therefore specified as

U, = v, +u, [1]

n

where v, = B'x; and B is a taste parameter vector specified according taste distribution

function with parameter vect® f (|0). A variety of distributions have been used in literature

(Hensher and Greene, 2003). Usuallyincludes a vector of means and elements of a nveeta
covariance matrix.

The generalisation of the substitution patterrecisieved in an equivalent way by introducing
error components (Herriges and Phaneuf, 2002; Te003). The error componentg, , defines

mj 1

clusters of sites which are believed to have adrigtegree of substitutabilityz, equals 1 if sitg

belongs to a cluster ang, equals O if it does not. The unobserved part dityjt u,;, is therefore

specified as,

nj !

u, = 'z, + g, [2]

n

wheren is a vector of random normal terms with zero maagh a vector of standard deviatioog ,
and g is iid extreme value (Train, 2003).

The probability of individuah choosing siteé can be derived given the parameter veBtand
the parameter vectoo,. by integrating over the domain of the parametstriiution for andn as
follows:
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This makes the MXL probability a weighted averaghe logit formula evaluated at different

values of and 1 with the weights given by the densify(3|8) and g(n|o..) -
Restricting the model to a fixed parameter mod,drobability specification reduces to:

= _expB%y)
"2 expB Xy )

i0J

[4]

where is a fixed parameter vector.

The MXL specification increases the degrees ofdoee in the simulated maximization of the
sample likelihood, and hence nearly always sigaiftty increases the statistical fit of the model in
comparison to the CL, which is a special case eXL when the spread is constrained to zero. For
further information on the MXL readers are referteqTrain, 2003).

3.2 Specification of the Random Utility Models

We estimate a CL model and a MXL model using thmesattribute specification for the
indirect utility function. The total choice setspecified as the sites within a travel distanc%0
km, as only 0.1 % of the sample is observed toetrdeyond this distance. It has been proved that
using a subset of the alternatives in model estimawill provide consistent model parameters in a
fixed coefficient model (McFadden, 1978). This aggrh was shown to generate very similar relative
parameter estimates to those obtained when theaagin choice set is the same as the total cheice s
in a lake recreation study (Parsons and Kealy, 199# the present forest recreation dataset dasimi
result was obtained (Termansen et al., 2004). Hewdheir analysis using conditional logit models
showed that in this data set a much larger chodtensis needed to achieve stability in parameter
estimates. A similar theoretical proof is not dafalie for mixed logit models, however Nerella and
Bhrat (2004) provide a guide for the number of ralitives needed in the sample to generate good
numerical performance. They suggest using a minirofi of the total choice set and recommend
using ¥z when it is not possible to estimate the etwdsing the full choice set (Nerella and Bhat,
2004). To limit computing time in estimation, wefide an estimation choice set as a random subset
containing 120 alternatives from the total choieé & particular, for each individual the estiroati
choice set contains the observed individual chaiog 119 randomly selected sites from the sites in
the total choice set. Our choice of 120 alternatiigeconsistent with the available recommendation.
We used 100 Halton draws in the simulation, asdtiattraws have better equidispersion properties
than random draws (Train, 2004). The presencastétheterogeneity of the different site attribuiges
tested in turn by restricting the relative spreadameter to be zero. Although statistical evideoice
heterogeneity is found at this large sample sizenfost taste parameters, we focus, in the final
specification, on those attributes with the largaste variability; percent of broadleaved woodland
and travel cost (marginal utility of income). Stilgion patterns are investigated with two error
component specifications. The first based on a&negsed substitutability between sites, which are
close to the coast, the second clustering the gitsare managed to a larger degree for recreason
opposed to timber production. In the final speaifion only the former is reported as evidenceafor
common correlation in the latter is not found.

The travel cost parameter is expected to have ativegsign, and it is therefore assumed to
have a constrained distribution. We choose a logaabdistribution for the negative of travel cos,

that the taste intensities for travel cog),(are distributed log-normallyin(5,) ~ N(4,,02) .

The distribution of taste intensity for broadlesve not necessarily constrained to a given
sign. Visitors may like or dislike the fraction bfoadleaved trees present in a given woodland.



Therefore, we assume that the distribution of tsiable is normal, 5, ~ N(g,,07). All
estimations were conducted with the GAUSS routiralable from Prof. K. Train’s webpage.

3.3 Specification of the model for total demand of car borne recreational trips

The total annual number of recreational trips too#lands by the Danish population is
specified using a zero inflated count model to aotdor the two stages in the decision process
(Cameron and Trivedi, 1998). The first stage esdilcision on participation in car borne recreaion
activities or using other modes of transport orpanticipating in forest recreation. 91% of thenizh
population participated in forest recreation in yle@ar preceding the survey (Jensen and Koch, 1997),
however only 49% used the car as a mode of trahspde model the participation stage using a
normal distribution. The probability of individual not using the car as a mode of transpayt,is

modelled using a normal cumulative distribution diion, (D(Wn), wherew, is a linear function,

W, =Y,'s,, of socio-economic characteristics of individuals,, andy, is a parameter vector. The

second stage is the decision on the number of Acaudorne trips given that the individuatravels
by car. If the choice is to participate in thereational activity the number of trifigs bigger than
zero,t>0, otherwiset = 0. This stage of the process is specified as a neghtivomial, as we find
evidence of over-dispersion. The probabilitiesaofindividual undertaking a given number of car
borne recreational trips to woodlands are therepesified as;

Prit,=0] = g,+ (1-q,)R,(0)
[5]
Prit,=r] = (1-q,)R\(1), r0z*
where R (t) is the negative binomial probability of observirgits equal td.
R(@®) = r@+)/[tir@]ut-v], t0oz [6]

6=1/a, wherea is the over dispersion paramete, = 8/[9+/1n] , and A, is specified as a linear

exponential exp(y, 'S, ), in the socio-economic characteristizgiven the parameter vectgr

3.4 Predictions of the spatial distribution of the annual number of visits

The predictions of the spatial distribution of Hrenual number of car borne visits are made by
combining the model for total demand and the randtility models. The total demand for car born
recreational trips is predicted for each node i tbad network using the estimates from the zero
inflated negative binomial model and the natioratadon socioeconomic variables. The probabilistic
allocation of the total number of trips from eadda in the road network to the individual siteshia
choice set is predicted using the estimated ranatility models. Choice sets vary between origias a
they are defined as the accessible sites withadaus of 250 km through the road network. Repoetiti
of this process over all origins results in anedkion of the predicted total number of trips tosaks.

We compare two predictions of the spatial distiing of the annual number of trips; the first
based on the CL model with fixed parameters, tlersd based on the MXL model. For the MXL
model the probability distribution is evaluated ngsidraws from the density functici(3|6) and
g(n|we,) given the the estimates 8fand 6,. The number of draws is in proportion to the nemtf

people resident at each origin, to reduce compmutatitime each draw is taken to represent 100
residents.
Welfare calculations

The welfare calculations used in random utility raltidg are based on the indirect utility
function. The researcher’s estimation of the imhials’ indirect utility function given that the
recreationists choose the site which maximisetyisi given by;

E{max(y} = In( %] ex{ v)) [7]



wherevy = V(y-Cy, ;), Y is incomeg,; is the cost for individuah visiting sitej andq is a vector of site
attributes. WTP, is calculated as the willingness to pay to achieseditionsc’, g when the current
conditions are, g (Hanemann, 1999; McConnell, 1985).

WTF, = ”i[m(Z exp(v))-In( T exp(v))] g(n) f (B )dndp [8]
Bn Bc jod j0d

In the prediction ofNTP, at the population level utilities were evaluatgdrndomly drawing from
the estimated distribution @fandn.

3.5 Prediction of the spatial distribution of the value of access

We estimate the loss in welfare from loss of actesites by simulating the loss in expected
value of the maximum utility functioB{max(u)} by letting the costs go to infinity for ¢hsite which
is being assessed.

The welfare loss for sitg WTP;, is the sum of the welfare losses over all origis for
which sitej is included in the choice sef)(j). The aggregation over origins takes into account
whether a sitg is accessible from an origid(o) is the set of sites which are within 250 km travel
distance through the road network from the origid (0) is the set of sites which are within 250 km
travel distance through the road network from thigimw o excluding the site which is being assessed.

- i
e g 30

whereg.is the travel cost coefficient ahd andlV are the inclusive values.

j0d(o) i03" (o)

=|n{ > exp(v,»)}; =In{ ) exp(v,»)} [10]

3.6 Prediction of the spatial distribution of the value of quality changes

The estimated welfare change associated with clsangbe attributes of the sites is evaluated
from two different perspectives. Firstly, it is évated separately for each individual site. Theegal
formula [8] is used for this evaluation, but inghiase the inclusive valu/) is the expected value of
the maximum utility given a change in one of thee sittributesg, at sitej. Each site is evaluated
sequentially assuming that site characteristicetlagr sites remain unchanged. Secondly, welfare
changes are evaluated from the perspective ofichaiV origins. Here we assess the spatial patern
economic value associated with a policy initiatingplemented at all sites. We measure the welfare
change accruing to individual origins representgdttie nodes in the road network. The policy
relevant changes in terms of site attributes thatcansider are: I) An increase in the size of the
individual forested area by 10 hectares; Il) amease in the fraction of the area being broadleaved
individual sites by 5%; Ill) an increase in thectian of the adjacent land classified as semi-rétur
land cover by 5%.

4. Results

4.1 Estimates for the random utility models and the count regression
The parameter estimates and standard errors fo€thand the MXL model for the final

model specification are given in Table 4. Thereates of the two models are similar, both with
respect to sign and magnitude. An important sitebate is parking facility, which increases the
likelihood of the site being selected. Larger ftrareas have a higher probability of selection,
however this attribute has a declining marginagdff Sites close to the coast are found to be more
popular than inland sites as the coefficient on disance from coasts is negative. The error
component for coastal sites is significant dematisty a common substitutability between sites
within this category and a difference in the subsdbility with other forests. Distance to marked



nature trails were found to decrease the selegtiobability, however the analysis did not find that
areas with marked nature trails had a higher degfesubstitutability between them, as this error
component was not significant. Recreationists iewed to prefer sites, which were adjacent to othe
semi natural areas and undulating topography wes @leferred to topographically flat areas. On
average broadleaved areas are preferred to comfevoodland, however a large variation of intensity
exists for this taste parameter. The results sigbat 40 % of the population dislike broadleaves.
The parameter estimates for the ZIP model are gimeiable 5. These show that the

proportion of people choosing to travel by car dases as the distances to the nearest forestsnsrea
and, on average, people from higher income pariareesore likely to travel on foot. The amount of
car borne trips taken in a year decreases withmtist to the nearest forest and increases with iacom
in accordance with expectations.

4.2 Value of site access

The average values for site access for the two hemkifications are similar (Table 65 1
row). The minimum and maximum values to individsias, however, vary considerably (Table'8, 2
and 3 row) and disclose how the various sources of bgtereity (spatial and individual) captured by
the MXL model implies a much larger variation idues of access to forest sites than the CL model.

Maps of the spatial variation in values in the Eastpart of Demark are shown in Figure 1la
(MXL) and Figure 1b (CL). Comparison of the twa@ures reveals the larger diversity in values
resulting from the predictions based on the mixayitimodel. Predicting with a fixed coefficients CL
model, nearly all sites fall into the intermediatgegory ofWTP which is between 8000 and 800,000
€/site/year. When the random effects MXL modedpgplied more sites have lower values (between 0
and 8000 €/site/year) and a few sites generate MglyWTP values (between 800,000 — 2,000,000
€/sitelyear).

4.3 Values for improved site quality

Deriving the welfare changes associated with chanmgée attributes assesses the importance
of individual site attributes. The welfare implicas of the management policies we explored are
given in Table 7. Again, the values derived frome tMXL specification display a much larger
variability between individual sites. The mean esare, however, quite similar.

We illustrate the welfare implication of policy figtive | for the area north of Copenhagen in
Figure 2. The spatial variation of predicted chemgof values per recreational site, using the MXL
specification, due to an increase of the area biaelflares is shown in Figure 2a. The variability of
predicted values associated with the increase enstbe of the forest area is partly due to the log
specification of this variable. The analysis iradés that there seems to be a marginally decreasing
value of increasing forest area, as a natural itgartransformation was found to be statistically
superior to a linear specification during the magfgcification search. This effect partly explatims
spatial pattern of values. Increasing a small Maxadl by a given area is more valuable to
recreationists than when the same increase is madkarger woodland.

The spatial variation in the values per individgat the place of residence) from the
implementation of policy | uniformly at all sites illustrated in Figure 2b. There are two effebtst t
generate this spatial pattern. One effect it trigins in areas where there are either few fooest
mainly small ones benefit more from the implemeaatabf this policy, because of the marginally
decreasing value of increasing forest area. Theraffect is that origins from which individualea
predicted to undertake recreational trips moreueadly benefit more from improvements in forest
attributes. As the number of recreational tripseigted to income, the spatial patternVérP per
individual for improvements in recreational fagég is also determined by the spatial distributdn
income. The type of detailed results illustratedrigure 1 and 2 would not be attained withoutube
of GIS.

5. Discussion

In this paper we have combined MXL models of dedion site selection and count models of
total trip demand with detailed spatial informatiyom GIS in order to assess the implications of
allowing for taste heterogeneity and flexible sitbson patterns. For the purpose of illustratihg t
potential of such an approach we focused on théigiten of the spatial distribution of forest vatue



consequent to a set of management policies atatienal level. This has given us the opporturity t
model recreational behaviour and derive policy vah predictions at a geographical scale that is
appropriate for forest recreation behaviour of ¢lemeral public and therefore for evaluating forest
policy schemes aimed at increasing the welfarevedrirom forest recreation.

We find that, on average, the Danish populationeaccess to forested sites at approximately
3.3 €/visit. This is 5 times higher than the poex Danish study based on a zonal travel cost model
but lower than most other European studies (Zardessd Toll, 2003). We speculate that this might
be due to the fact that significant population tdus are situated in regions with a high percentdge
forest cover. The predicted recreational valuessjte vary between about 2 thousand and 1.8 millio
Euros per year. On a per hectare basis for feitest utilised for timber production (larger tha®01
hectare), the predicted recreational values vatwdsn less than 20 to more than 5,000 Euros per
hectare per year. According to statistics from Danish Forest and Nature Agency, the average
annual timber values are 45 Euros per hectaregMilj Energiministeriet, 1999). This illustrateatth
for some sites the recreational values contribatgsificantly to the overall generation of economic
benefits.

The results of our analysis show that forestaation in Denmark is dominated by frequent
short distance trips. We predict that an adult memadb the Danish population undertakes an average
of 13 car borne recreational trips per year, atatge proportion of these is shorter than 10 kiloe®
Modelling such an activity in a satisfactory waydemanding in terms of spatial accuracy. The peecis
origin and destination locations used in this syriiave therefore been essential for this research.
Furthermore, a cruder method of spatial aggregatibmlternative destinations would clearly be
unsatisfactory when modelling recreational actgtcharacterised by short distance trips. The need
for spatial accuracy has made the on-site survegngisl for modelling the recreational choices. As
an on-site sample will include frequent visitorsainarger proportion than a sample of the general
public, we have estimated total demand based oonuaeold survey. Our predictions implicitly
assume that the choices people make between sigs tivey have decided to use the car as a mode of
transport is independent of their total demandhil is not the case the estimates based on tisgen
sample will give biased results. The median traNstiance for car users in the household samd® is
km, and the average is 14 km. The median travéhmntie in the on-site sample is equally 10 km and
the average is 17 km. This gives us some confeléinat the bias due to on-site sampling does not
invalidate our results and the use of the on-gitee is justified in order to achieve increaseatigp
accuracy.

The high resolution spatial data sets have alsbledais to identify many policy-relevant site
attributes, one of which is the size of the fordsieca. Both linear and natural log transformatiomn
tested. The analysis shows that a log specificasicsuperior. This implies that there is a maatijn
declining improvement in visitor attraction withesi This effect is also found in an Irish study on
willingness to pay for creation of nature reseriredreland (Scarpa et al., 2000). This result has
implications for the allocation of resources toffeastation initiatives as it gives an indicatiohthe
trade-offs between size of existing forests, sifethe reafforestation project and proximity to
populated areas.

The use of GIS derived data also enhances outtsdsuhllowing us to account for the spatial
composition of the landscape. For example, it alas to highlight that the presence of other semi-
natural areas adjacent to the forested area affectsational choices. We find that the fractibthe
forest border adjacent to other semi-natural aisapositively associated with visit probability.
Recreationists, therefore, seem to prefer visiingite with a mix of forest and other semi-natural
environments. Furthermore, proximity to the caastentified as being preferred by visitors, as ha
been identified in other studies (Skov-Petersen,2P00Our analysis also shows that coastal
woodlands are perceived differently from a recworatl viewpoint than inland woodlands, leading to
distinct substitution patterns.

This study also identifies site attributes, whiclavé direct implications for forest
management. The species composition of forestssemimave an impact on recreational choices, as
broadleaved forest seems to be preferred to cofufest. This is to some extend also supported by
empirical evidence from other Danish (Jensen anchK&997; Skov-Petersen, 2002), Irish (Scarpa et
al., 2000) and Canadian (Boxall et al., 1996) &sidiMarked nature trails and parking facilities ar
other management-dependent site attributes. Tailysis suggests that both seem to have a positive



effect on probability of visit. It should be notéuat the derived values associated with infornmatio
leaflets are likely to be overestimated as thesarare likely to have been produced for populaasire
than for areas with few visitors.

An additional aim of the paper was to assess thplicgations of allowing for taste
heterogeneity. The analysis shows very clearly #xounting for taste heterogeneity captures
additional diversity in forest values, thereby imfiag on the predicted values of forest policy
initiatives. The diversity in the travel cost paweter is particularly important in valuation stuglie
Using a stochastic specification assumes that éeearcher cannot observe an association between
socio-economic variables and the variation in thergimal utility of income. It may have been
expected that the variation in the travel cost jpater could be associated with income as argued by
others (Herriges and Kling, 1999; Shonkwiler andvh2003). In this study we tested for such
association but did not find support for a link ieeén socio-economic status and the travel cost
coefficient. This may be due to the use of aggexhdata on income, but given the data, the tra@tme
of variation in willingness to travel as unobsenrederogeneity seems a suitable approach. There is
clear evidence that fixed parameter linear trawst enodels do not represent the data used in this
study well, as a non-linear transformation of disemarkedly improves the statistical fit (Termanse
et al.,, 2004). Including taste heterogeneity iflimgness to travel allows us to account for the
observed non-linearity in the data but maintaires dssumption that each individual has a constant
marginal utility of income. This assumption seemessonable given that the expenditure on
recreational activities will only constitute a minproportion of the household budget (Haab and
McConnell, 2002). Furthermore, the linearity asption greatly eases the calculation of welfare
effects, which for our application was an importemtsideration given the computational costs.

Our research therefore does not show an incometeffedestination choice at the individual
level. Individuals from higher income parishes miat seem to be willing to travel further than
individuals from low income parishes. We do, howeviad income effects on the total demand for
recreational trips. Our results show that for kigincome parishes the probability of travelling on
foot is higher than for lower income parishes. FRemnore, the number of annual recreational trips is
higher in parishes with high income.

An additional policy relevant conclusion, which wabtained from adopting the MXL
approach, is that even though on average the seshitw a positive preference for broadleaved
species, 40% of the individuals seem not to likeadteaves. Afforestation of agricultural land with
broadleaved species is approximately 2-3 times roosdly than afforestation with coniferous species
(Miljg og Energiministeriet, 2003). This therefoseggests that some caution in the adoption of
management policies to increase the area of braaetiepurely for recreational benefits is warranted.

A clear result of the comparison of the CL and MXpecification is that the spatial
implementation of the models highlights a largeats diversity in forest values associated with
different forest policy scenarios. Our interprietatof this is that the MXL model allows sites with
desirable attributes to attract visitors from fertlaway. At each node in the road network a foacti
of the recreationists, given by the log normalrdisttion of the travel cost parameter, will be gasid
a small marginal utility of income, and will theoeé be willing to travel further. However, this et
is not homogeneous across space. Firstly, theteffd be magnified by population clusters, which
are not evenly distributed. Secondly, the effeci Wwe determined by the relative location of
population clusters and recreational sites of vayyjuality. This is particularly important for are
with high population density and relatively few ratttive sites close by. Allowing for taste
heterogeneity in the travel cost parameter shiffraportion of the visits to more attractive sites
located further away. Nodes located close to cttra sites, however, will not shift demand towards
less attractive sites located further away. Thertherefore a spatial asymmetry in the effects of
allowing for heterogeneity. This effect will bepected for areas around highly populated areas with
few recreational opportunities close by. As an gXanour application to the area around Copenhagen
illustrates this difference between the predictitvom the CL and MXL models.

6. Conclusion

The work reported here is the first to demonsttagepotential in combining GIS and MXL
approaches for modelling the spatial variation écereational behaviour and associated economic
values. Combining variability of taste, spatiahtires and substitution patterns proves effective i
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capturing individuals’ responses to detailed laagscscale attributes in their recreational choices.
We join previous researchers whose work has adehie® need to combine GIS and valuation

techniques in the belief that this approach is afale for environmental policy assessment because it
produces more detailed, realistic and spatiallyliepredictions.
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TABLE 1
Data used for specification of the random utilitgaels.

Variable

Measurement Data Source

Travel costs

Forest area

Fraction of
broadleaved area

Coast

Round trip costs using the shortestadce through road On-site questionnaire
network from the origin of the tri_p given py thespendents poad network
to the sites. The travelled distance is measueedhé i
visited site. The distance to the alternative ssitre Variable travel costs
measured to the aggregated sites. Travel costslatdd
using variable driving costs only.

Size of the nearest contiguous foreat a AIS

Fraction of Forest area classified as broadleaved IS A

Euclidian distance from aggregate site &oaw coast line. AIS

Assignment of Error Component: If Coast is lessitBd&m,
Coast_EC = 1, otherwise Coast EC = 0.

Natural area edgelength of external and internal forest edge neigiing AIS

fraction

Parking

Info

View point

area classified as semi-natural or wet area divigedbtal
forest edge.

Dummy variable. If parking lots are avbitaat one of the On-site questionnaire
sites, the aggregated site is classified as Parking, data
otherwise Parking = 0.

Euclidian distance from aggregate site to esamarked Interactive map of
nature trail described in an information leaflet. Denmark

Dummy variable. If euclidian distana®ri aggregate site Interactive map of
to nearest view point is less than 5 km, View paint, Denmark
otherwise View point = 0.
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TABLE 2
Data used for estimating annual demand of recneatiisits

Variable Measurement Data Source
Distance Shortest Euclidian distance from ead&iS
individuals home address to a forest patch larggp .4 network
than 10 hectares
Income Average parish council income Danish Stesis
Trips Total number of car borne trips per year Hdwodd questionnaire
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TABLE 3

Data used for predicting the spatial distributidnh@ total number of visits

Variable Measurement Data Source
Population Total adult population allocated to e@th the Danish Statistics
road network.
Distance Shortest Euclidian distance from eacrernad AlS
the road network to a forest patch larger than
10 hectares
Income Average parish council income Danish Stesis
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TABLE 4
Parameter estimates for fixed parameter and mogitl $pecification.
Choice set size = 120, N = 28,947.

Variables Fixed parameter model Mixed logit model

Estimates Asymptotic-z  Estimates Asymptotic-z
Travel costs (mean) -0.044 366.6 -2.607 258.4
Travel costs (standard div.) n.a. n.a. 1.070 87.1
Fraction broadleaved (mean) 0.451 14.0 0.314 6.8
Fraction broadleaved (standard div.) n.a. n.a. a.21 9.8
Parking 0.407 20.1 0.548 23.6
Ln(Info) -0.300 34.6 -0.440 39.6
View point 0.238 13.9 0.314 16.3
Ln(Coast) -0.504 60.3 -0.628 49.0
Ln(Forest area) 0.328 76.2 0.388 58.1
Fraction natural area edge 2.515 60.3 2.892 56.4
Coast_ Error component n.a. n.a. 0.722 6.2
Mean log-likelihood -2.44 -2.18
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TABLE 5
Parameter estimates for zero inflated count regnessodel of trip frequency. N = 1494,
Log-likelihood (Poisson) = -35482.5; (Zero Infldtdegative Binomial) = -4133.6

Variable Estimates Asymptotic-z
Negative binomial Constant 1.720 5.7

Income 7.4410° 5.8

Distance -1.08 10* 4.7
Dispersion parameter Alpha 3.105 33.1
Zero inflation model Constant -0.296 2.1

Income 3.8% 10° 17.4

Distance -9.44 10" 5.5

20



TABLE 6
Value of site access

Economic values Fixed parameter model Mixed logitiet
Mean value per trip [€/trip] 3.1 3.3

Maximum value for a site [€/site] 0.63L0° 1.8x 10°
Minimum value for a site [€/site] 3,128 2,315
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TABLE 7
Changes in economic values associated with changeanagement
on all forest sites. Values are in Euros/trip.

Fixed Mixed logit model
Policy Change in attribute  Mean Min Max Mean  Min Ma
I: Forest area Increase 10 ha 0.31 0.0001 0.62 42 0. 0.001 2.05
II: Broadleaved Increase 5 % 0.07 0.07 0.07 0.06 0.09 0.11
lll: Natural area edge Increase 5 % 0.36 0.34 0.36 0.53 0.06 1.34
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FIGURES

(a) Mixed logit (b) Fixed coefficients

Copenhagen
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1 No Data

Figure 1: WTP for access to individual recreatiositds [Euros/site/year]. (a) Mixed logit
model; (b) Fixed coefficient model
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(a) WTP/site (b) WTP/person
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Figure 2: WTP for increase in forest area: (a) WaiHncrease in area at individual sites
[Euros/site/year]; (b) WTP per individual for inase in area at all sites [Euros/person/year]
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