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 i g  h  l  i  g  h  t  s

Applying  a  choice  experiment,  we  assess  the  preferences  for  living  close  to urban  parks  and  forests.
This  study  applies  a  pivot-based  experimental  design  that frames  respondents’  choices  in  terms  of their  current  residence.
The  preference  heterogeneity  in  the  population  can  be partially  explained  by  differences  in  household  characteristics.
The  results  indicate  substitution  between  having  access  to a private  garden  and  to  urban  green  spaces.
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a  b  s  t  r  a  c  t

This paper  assesses  the  value  of urban  green  spaces,  specifically  peri-urban  forests  and  their  potential
substitutes,  for the local  population  on  the  basis  of  their  residential  choice.  We  applied  a choice  exper-
iment  that focuses  on  the  trade-offs  between  private  housing  characteristics  and  the  environmental
aspects  of neighborhoods.  Individual  willingness-to-pay  is estimated  from  a latent  class  model  and  a
mixed  logit  model  along  with  a Willingness-To-Pay  (WTP)  space  approach.  Our results  show  that  green
spaces  provide  both  direct  use value  (recreation)  and indirect  use  value  (scenic  view).  The respondent’s
eywords:
hoice experiment
esidential location
rban green spaces
ecreation
ixed logit
illingness to pay space

value  of  distance  to  peri-urban  forests  depends  on  recreational  use.  The  ownership  of a  private  garden
reduces  the  WTP  for  living  closer  to  an  urban  park.

© 2015  Elsevier  B.V.  All  rights  reserved.
. Introduction

Peri-urban forests located in between an urban core and a rural
andscape generate both recreational and amenity benefits. On the
ne hand, the proximity of forests provides esthetic benefits such as
cenic amenities (Cavailhès et al., 2010; Sander & Polasky, 2009). On
he other hand, having forests in the vicinity of the residence also
rovides recreational value (Ezebilo, Boman, Mattsson, Lindhagen,
nd Mbongo, 2015). We  know from studies that evaluate outdoor
ecreation that the WTP  for access to a given recreational site

ecreases with increasing transportation costs (Phaneuf & Smith,
005). In the meantime, an important determinant of the value of
eri-urban forests is the presence of alternative urban green spaces

∗ Corresponding author at: Laboratoire d’Economie Forestière, AgroParisTech,
NRA, 14 rue Girardet, 54000 Nancy, France.

E-mail address: gengyang.tu@nancy.inra.fr (G. Tu).

ttp://dx.doi.org/10.1016/j.landurbplan.2015.12.013
169-2046/© 2015 Elsevier B.V. All rights reserved.
in the vicinity. In particular, urban parks can also provide esthetic
benefits and serve as recreational sites, making them the most likely
substitute sites for peri-urban forests (Chiesura, 2004). The degree
to which urban parks may  be substituted by forests in the proximity
of the residence has only received minor attention in the literature
(Mansfield, Pattanayak, Mcdow, Mcdonald, and Halpin, 2005). Nev-
ertheless, the assessment of the preferences for these two types
of green spaces and the understanding of the potential substitu-
tion effects are important information for public urban planners.
Furthermore, private gardens and public green spaces may  also,
to some degree, be substitutes in terms of the demand for recre-
ation sites (Barbosa et al., 2007). For example, if one decides to
sunbathe and has a garden, she can choose between going to a
park or to her own private garden. However, in other aspects, these

two types of sites play different roles (Kellett, 1982). So far, few
studies have dealt with the role of owning a private garden in a
person’s WTP  for having access to public parks (Panduro & Veie,
2013).

dx.doi.org/10.1016/j.landurbplan.2015.12.013
http://www.sciencedirect.com/science/journal/01692046
http://www.elsevier.com/locate/landurbplan
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A large body of research documents the positive impact of urban
reen spaces on local residents’ welfare. This includes hedonic stud-
es showing that house and land prices rise with proximity to forests
e.g., Mansfield et al., 2005; Thorsnes, 2002; Tyrvainen & Miettinen,
000), or increase with the proportion of forest land in the region
Hand, Thacher, McCollum, and Berrens, 2008), and that access to
rban parks has a significant value for the local population as well
Hoshino & Kuriyama, 2010; Poudyal, Hodges, & Merrett, 2009;
ander & Polasky, 2009). Significant values of access to parks have
lso been estimated using stated preference (SP) methods (Brander

 Koetse, 2011; Del Saz Salazar & García Menéndez, 2007). The pro-
ision of urban green spaces may  also contribute to the building
f an attractive image of a city or a neighborhood, thus influenc-
ng the residential choice of newcomers. For example, in Nancy
France), where the empirical part of this study was carried out,
he local government has attempted to build an attractive image by

aking the city “green and pleasant” (report from Nancy’s Urban
evelopment Committee, 2011). Therefore, knowledge about the

ole of urban green spaces in the choice of residence location consti-
utes important information for urban planners. While the value of
rban green spaces for inhabitants has been estimated in numerous
tudies that apply the hedonic pricing method and the contingent
valuation method, information on how different types of green
paces, i.e., urban parks and peri-urban forests, interact is lacking,
s are appropriate empirical methods for analyzing this issue. We
ropose choice experiments (CE) as a suitable empirical method in
pite of their hitherto limited number of applications in the valua-
ion of urban green spaces (Bullock, 2008; Giergiczny & Kronenberg,
014).

In this context, our study aims to estimate the non-market value
f peri-urban forests for the local population through homeown-
rs’ residential location choices. Our SP data is obtained from a
ace-to-face survey carried out in the urban agglomeration of the
ity of Nancy, France, in the summer of 2013. The preferences of
espondents are revealed through a CE where we  propose alterna-
ive residences to them. We  model residential choice by applying

 random utility model (RUM). Specifically, we  chose to use mixed
ogit (ML) and latent class (LC) models to account for preference
eterogeneity. A main advantage of using a CE method is that by
pplying an experimental design, we avoid issues of correlated
mitted variables, endogeneity of explanatory variables and multi-
ollinearity, which is often a problem with revealed preference data
sed in applications of the hedonic pricing model (e.g., Earnhart,
002; Freeman, 1993). Moreover, compared to contingent valua-
ion, a multi-attribute discrete choice model makes it possible to
stimate the trade-offs between private housing and green space
ttributes.

This paper is organized as follows. In the following section, we
resent our empirical strategy by describing the theoretical back-
round, the CE design, and the survey carried out in the city of
ancy, France. In Section 3, we present the econometric specifica-

ion we used and the way we estimate individual WTPs. In Section
, we present the estimation results, Section 5 is devoted to a dis-
ussion and Section 6 concludes the paper.

. Empirical strategy

.1. Residential choice and CE

The CE method is based on the Lancasterian consumer the-
ry (Lancaster, 1966), combined with the random utility theory

RUM, McFadden, 1974). The central assumption of the CE method
s that the utility derived from any option depends on the
ttributes/characteristics of the goods. It involves the genera-
ion and analysis of choice data through the construction of a
lanning 148 (2016) 120–131 121

hypothetical market using a survey. This method is therefore gen-
erally considered as an appropriate method for the valuation of
multi-attribute non-market goods or to analyze preferences for
new product attributes of market goods (Henley, Wright, and
Adamowicz, 1998; Louviere, 1992).

In the present study, we  construct a hypothetical mar-
ket for residential choice. According to Prashker, Shiftan, and
Hershkovitch-Sarusi (2008), the attributes that influence the
residential choice decisions can be broken down into four cate-
gories: dwelling unit characteristics (size, type of house, parking,
etc.); neighborhood characteristics (safety, traffic, noise and air
pollution); accessibility characteristics (working places, schools,
shopping and leisure opportunities); and individual characteris-
tics (education, age, income, etc.). Attributes considered in previous
studies that apply the CE method to residential choice found that
characteristics such as accessibility (Kim, Pagliara, and Preston,
2005; Liao, Farber, and Ewing, 2015) and the environmental qual-
ity of the neighborhood (Phaneuf, Taylor, and Braden, 2013) have
an impact on the residential location choice. Walker and Li (2007)
show that the importance of these attributes depends on the
household’s life style. So far, there is not any application of CE
to the housing choice in the literature on the valuation of urban
greenery. Nevertheless, pioneered by Adamowicz, Louviere, and
Williams (1994), the CE method is an appropriate and widely-
used approach in the valuation of the environment and amenities
(e.g., Hanley, Wright, and Koop, 2002). Applying the CE method,
the purpose of this study is to estimate the benefits that peo-
ple gain from living close to peri-urban forests and urban parks
by studying their residential location choice. While peri-urban
forests and urban parks are normally considered as exploitable
non-market goods, e.g., in the hedonic pricing model, they are
attributes of housing, which is a market good. The idea behind
our CE is to make the respondents state their preferences for
different housing, which varies with respect to access to green
spaces.

One advantage of using a CE is to be able to avoid multicollinear-
ity among attributes since attribute levels are considered to be
orthogonal in experimental designs (Earnhart, 2002). The large
number of potential attributes that have an impact on housing
prices and multicollinearity among these attributes may  compli-
cate the econometric analysis, i.e., low significance levels due to
high standard errors and large changes in parameter estimates
given a small change in the data or model specification (Irwin,
2002). Multicollinearity may  be caused by the fact that house-
holds with the same preferences (and same socio-demographic
characteristics) would choose the same location. For example,
higher income households will, on average, reside in neighbor-
hoods with larger houses with more bathrooms, larger gardens
located within a certain distance from the city center, and with
access to better schools. Another advantage of the CE method is
the possibility of ex ante modeling of new green spaces. The last
problem that we could solve with CE, and that may  be the most
important, is the problem of omitted variable bias (Bockstael &
McConnell, 2007). Unobservable neighborhood characteristics that
matter to households are often expected to be correlated with the
amenity of interest (Kuminoff, Parmeter, and Pope, 2010). Crime
rates are often lower in neighborhoods with high-income house-
holds, and high-income households will, in general, be found in
locations with easy access to green spaces. If crime rates are not
included in the hedonic model due to missing data, the estimated
values of being close to green spaces will be upward-biased. In
CE studies, the attributes of interest, in our case, access to green

spaces, are specified in an experimental design. Therefore, before
the respondents make their choices between different housing
alternatives, we  ask them to only consider the attributes speci-
fied in the experiment while considering that all other attributes
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Table 1
House attributes and their levels in the CE.

Attribute Level

Distance to peri-urban forest
Current
2 km farther
4  km farther

Distance to park
Current
500 m farther
1000 m farther

Scenic view of green spaces
With view
No view

Size of living space (m2)
−10%
Current
+10%

Price/rent of house

−15%
−10%
−5%
Current
+5%

T
E
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e.g., crime rates) are the same as in their current housing
ituation.

.2. Experimental design

Studies using CE to elicit individuals’ preferences rely on an
xperimental design. A number of important decisions should be
ade at the design stage, which includes identifying relevant resi-

ential attributes and their levels. In order to focus on the trade-offs
etween private housing characteristics and the environmental
ttributes of a neighborhood, five attributes affecting residential
hoice and their levels were identified. This choice is based on
eetings with experts from the Urban Development Committee of
ancy, previous surveys on forest recreation in the Lorraine region
here Nancy is the largest urban agglomeration (Abildtrup, Garcia,
lsen, and Stenger, 2013), and interviews with residents in Nancy.

We  applied a pivot-style experimental design. In a standard CE
esign, the levels of each attribute of the hypothetical alternatives
re specified independently of the respondents’ current situation,
hich leads to unrealistic design. Researchers have recently applied
ivot designs where the hypothetical alternatives are pivoted
round the reference alternative (Hensher, 2004; Hensher & Green,
003; Hensher, Greene, & Rose, 2006; Hensher & Rose, 2007; Train

 Wilson, 2008). The reference alternative in our CE is the respon-
ent’s actual residence. This induces more realism and can provide
reater specificity than the standard approach where the hypo-
hetical alternatives are defined independently of the respondents’
urrent situations. The pivot design technique is based on a number
f theories derived from behavioral and cognitive psychology, eco-
omics, case-based decision theory and minimum-regret theory
Gilboa, Schmeidler, & Wakker, 2002; Kahnemann & Tversky, 1979;
tarmer, 2000). During the interview, respondents are first asked
o describe their current residence with respect to the selected
ttributes. They are then requested to choose between three resi-
ential options. Among the options, one is their actual house. The
ther two hypothetical alternatives are generalized by changing the
alues of chosen attributes of their current house within a certain
ange. Other attributes of residences that are not explicitly included
n the CE are assumed to be the same for all alternatives.

Table 1 presents the five attributes selected in our CE and the
ttribute levels. The first attribute is the “distance to peri-urban
orest”. Based on the spatial distribution of all peri-urban forests,
nterviews and experts’ suggestions, we set three levels of distance
o the forest. The second attribute is the “distance to parks”. Urban
arks are considered in our CE because they may  serve as a substi-
ute or a complementary site (Termansen, Zandersen, & Mcclean,
008), influencing the recreation demand of peri-urban forests. We
lso set three levels of distance to parks with the same method
sed to establish the distance to peri-urban forests. Nancy has a
elatively high density of parks and forests. For those already living
lose to a park and/or a forest, it is difficult to do a CE with reduc-

ion of distance to a park/or a forest. If the survey has to be fully
eneral (applicable to all residents in the selected population), then
eing closer for those already bordering parks and forests would be
eaningless. Therefore, the levels of the “distance to forests” and

able 2
xample of a choice situation.

Attributes Current house 

Distance to forest Current distance 

Distance to park Current distance 

Scenic  view of green spaces Current view 

Size  of the house Current size 

Price/rent of the house Current price/rent 

I  prefer (choose only one please!) → � 
+10%

“distance to parks” attributes are only increased relatively to the
levels of the reference alternative. If we assume a linear relation-
ship between distance from home and utility, reasonable with the
relative small distances applied, the WTP  to avoid an increase in
distance is equal to the WTP  for a decrease in distance.

The attribute “scenic view of green spaces” is used to estimate
the value generated by esthetic amenity. Finally, we add the size
of living space and price as housing characteristic attributes. Using
these important housing attributes, we  are able to observe people’s
trade-offs between private housing amenities and environmental
amenities with a limited budget. Note that we  do not include all
the other attributes, e.g., public infrastructure, which may influence
the choice of residence. It is possible to do this since we carry out
an experiment where we  tell the respondents that the hypothetical
alternatives are exactly the same as the current alternatives, except
with respect to the five attributes in our CE.

One example of our choice scenarios is presented in Table 2. Each
choice of the CE set presents three alternatives with the same five
attributes. One of the three alternatives is the status quo option
(current housing). The five attributes, with their different levels,
have 324 combinations using a full factorial design. It is not realis-
tic to include all alternatives in a CE. We  therefore used a D-efficient
design (Louviere, Hensher, & Swait, 2000) that only made it possi-
ble to estimate the main effects and the interaction between the
two attributes of distance. This interaction term was included to
investigate the substitution between parks and forests. Applying
Kuhfeld’s method (2010) using SAS, we  constructed a D-efficient
design with 12 different choice sets, which are divided into four
groups. Four versions of the questionnaire, one for each group of
choice sets, were printed and each respondent was  randomly dis-
tributed one of the four versions of the questionnaire. The question
asked is: “Imagine that, at the time you chose your current residence,
the following two other alternatives existed. Assuming that all other

characteristics stay the same, only these five attributes vary. Which
residence would you have chosen among the three options?”

Alternative 1 Alternative 2

2 km farther Current distance
500 m farther 1000 m farther
No view With view
10% more 10% more
15% less 5% less

� �
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Fig. 1. The location of Nancy in Franc

.3. Survey

Our study area is the city of Nancy (Fig. 1), which had 124,217
ouseholds in 2006, according to the statistics of the French
ational Institute of Statistics and Economic Studies (INSEE). It is

he biggest urban agglomeration in the Lorraine region (France). In
013, forest covered nearly 5117.8 ha, representing 36.96% of its
gglomeration, according to the French National Institute of Geo-
raphic and Forest Information. Compared to the forestry rate in
rance, which was 30% in 2013, Nancy and its surrounding area is

 region rich in forest resources. The public urban green space data
e considered in this study includes urban parks, and private gar-
ens. Nancy currently has 23 urban parks open to the public. These
arks include spaces with individual trees but not forest cover and
re very different from peri-urban forests.

Our face-to-face survey was carried out in July 2013 by a Ph.D.
tudent and a Master’s student over a period of 14 days. A num-
er of different public places were selected where we  assumed
hat respondents would have some time to spare, which would
ncrease the participation rate. The survey lasted one or two  days
n each survey site. The main places were a municipality canteen
or public servants (66 questionnaires), Parc Perpinière,  the biggest
ark in Nancy, (35 questionnaires) and in the inner-city train (34
uestionnaires). The remaining 45 questionnaires were completed
t ten different locations, e.g., at the railway station, peri-urban
orests, and other smaller parks. It appeared that not all of the
elected places were suitable for the survey and only a few ques-
ionnaires were completed at these places (e.g., the library and

he social security office, bus stops). Therefore, the final sample is
ot balanced with respect to survey location. However, we  believe
hat we have obtained a convenience sample which based on com-
arison of key demographic characteristics seems similar to the
Nancy’s parks and peri-urban forests.

population (Section 2.4). Furthermore, as explained in Section 4,
we did not find that our results are sensitive to survey location, i.e.,
in parks or forests vs. other locations. The questionnaire consisted
of an introduction, four main sections and a map of Nancy. The
introduction briefly presented the survey and the institutions con-
ducting it. The first section aimed to obtain information about the
respondents’ recreational activities, such as the number of visits
to forests around Nancy. The purpose of the second section was to
collect information about the respondents’ actual residences, such
as the size of living spaces, housing prices and scenic views of green
spaces. The third section was  designed to obtain respondents’ per-
sonal information. Finally, a CE, like the one described above, was
implemented. In each questionnaire, a map  of Nancy was included
to help the respondents to find the forest they lived close to and
visited the most often. The respondents were all adults (+18 years
old) who live in Nancy and its surrounding area, which is our study
area. All respondents were asked to provide information about
their primary residence. On average, the interviews lasted 25 min
and respondents were not remunerated. The number of people
approached but who did not accept to be introduced to the ques-
tionnaire was  not registered. A total of 226 people accepted to be
introduced to the questionnaire and of these 180 (80%) completed
the questionnaire sufficiently to be used for our analysis.

2.4. Data description

In Table 3, the main demographic and socioeconomic character-
istics of the effective sample (180 respondents) used to estimate

the choice model are presented and compared with the total pop-
ulation of Nancy and its surrounding area. It shows similarities
between the demographic characteristics of the sample inter-
viewed and of the population. The percentage of women is higher.
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Table 3
Sample and population comparison.

Sample Nancy and its surrounding
area (Source: INSEE)

Gender distribution (% women) 53.5 47
Homeowners (in %) 48.3 41.3
Age distribution (in %)

Under 25 years 16.5 16
Between 25 and 34 years 27.6 18
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Between 35 and 64 years 52.5 46
Over 65 years 3.4 20

onsidering that the respondents did not answer the question-
aire according to their own situation but based on the behavior
f their family, this difference of gender distribution is expected to
e relatively small. The proportion of homeowners (48.3%) in the
ample is slightly higher than the real population (41.3%). However,
n Nancy and its surrounding area, 9.1% of the homes are either sec-
ndary residences or vacation homes. If the secondary residences
re excluded, the real proportion of homeowners in Nancy will be
lose to the proportion of homeowners in our sample. The rate of
lderly people (more than 65 years old) is lower since it is diffi-
ult to encounter them in public places. As a result, the distribution
ates of all other age classes are higher. Although the difference of
ge distribution between the sample and the studied population
ay  raise some concerns regarding the representativeness of the

ample, we do not believe that this will change the main conclu-
ions of this paper. This is also indicated by an insignificant effect
f respondent’s age on the number of recreational visits to forests
nd parks (results not shown but available upon request from the
uthors). An important concern related to our sampling approach
s a potential “on-site” selection bias. By “on-site”, we  understand
ites related to the amenities we are evaluating (parks and forests).
ne could imagine that respondents interviewed in the parks or

he forests would pay more for having access to park or forests as
hey are users of these sites. However, statistical test did not reveal
ifferences between the two groups (Section 4).

The variables used in the analysis are described in Table 4. We
sed the dummy  variable OWNER to capture the variance of pref-
rence between owners and tenants. The household income has
n important influence on the choice of residential location. In the
odel, the variable INCOME is the income per family quotient. The

ousehold income per family quotient accounts for the number of
hildren, disabled and elderly people supported by the household,

n the form of a rate (quotient). It is a method established by the
rench tax office. For example, the family quotient is one unit for a
ingle person, two for a married couple, plus an extra half for each
f the first two children and an additional unit for each child after

able 4
escription of variables and summary statistics.

Variable Description Mean 

Individual information (N = 180 observations)
OWNER 1 if respondent is house owner; 0 if tenant 

INCOME =Household income/family quotient/D 1000 2.03 

NBVF Number of visits to forest over 12 months
=0 if does not visit at all 

=1  if 0 < number visits < 12 

=2  if 12 ≤ number visit < 52 

=3  if 52 ≥ number visits 

PG  House with private garden = 1; Otherwise = 0 

Information according to respondents’ residences in realitya (N = 180 observations)
DISF Distance to forest (km) 5.59 

DISP  Distance to parks (km) 2.20 

SURF  Living space of the house (m2) 86.57 

SVIEW Scenic view of green spaces (dummy) 

a The attribute levels of Alternative 1 and Alternative 2 in the CE are pivoted around th
lanning 148 (2016) 120–131

the second. The adjusted income per family member is the ratio
of household income to the family quotient index. This measure is
more representative of the household’s standard of living.

During the survey, the respondents stated their number of visits
to peri-urban forests (referred to as NBVF) over the past 12 months.
In our sample, 80% of the respondents had visited a peri-urban for-
est in Nancy during this period. On average, people had visited a
forest 15 times over the past 12 months. Several respondents vis-
ited different forests during the period. In this case, we counted the
forest that they visited the most frequently. In a recent study on
forest recreation involving an online survey in Lorraine (Abildtrup
et al., 2013), 96% of respondents had visited a forest during the last
12 months, and the average number of forest visits per visitor was
27 times per year. Their participation rate and average number of
visits are both higher than ours. We  believe that this difference is
mainly due to a self-selection bias in Abildtrup et al. (2013) and
differences in the survey area. It can perhaps be expected that indi-
viduals who  often visit a forest will be more willing to participate in
a survey on forest recreation, and that this effect will be more pro-
nounced in a Web-based survey compared to our direct interviews.
Furthermore, our study only covered the urban agglomeration of
Nancy, whereas the previous study covered all of Lorraine, includ-
ing rural areas.

The variables “distance to peri-urban forest” (referred to as DISF)
and “distance to park” (referred to as DISP) present the actual dis-
tance to the nearest forest and park from the respondent’s house.
The variable “scenic view” (referred to as SVIEW) of green spaces
is a dummy  variable. If the respondent has a view of green spaces
from his/her house, then the value of this variable is equal to 1.
The view of green spaces could be forests or any type of urban
green space that is included in our study. The size of the living
space (referred to as SURF) is a typical characteristic of a house.
It is normally correlated with many other housing characteristics
such as the number of rooms, the number of garages, the size of
the terrace, and other household spaces. We  use this attribute to
observe individuals’ priorities when they have to choose between
private housing attributes and environmental attributes. Another
housing characteristic in the model is the private garden, referred
to as PG. Since private green spaces may  be a substitute for public
green spaces, we  tested whether or not having a private garden has
an impact on the preferences for public green spaces.

We chose to measure the variation of the attribute PRICE in
percentage like other residential choice studies (Liao et al., 2015;
Phaneuf et al., 2013). The interviewers’ impression from a pretest

of the questionnaire was that the respondents better understood
the housing price change in percentage rather than in a sum of
money. As a result, the WTP  estimated in this article is measured
as a percentage of the respondent’s current housing expenses.

Std. Dev. Min  Max  Share

48%
1.11 0 5

20.5%
52.8%
21.1%

5.6%
33%

5.06 0.01 28
3.86 0.001 20

70.74 26 650
65%

e attribute value of respondent’s current house.
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. Econometric specification

.1. Econometric models of choice

The Multinomial logit (MNL) model is the most frequently used
odel to explain discrete choices and it relies on the assumption

f independence of irrelevant alternatives (IIA). This assumption
tates that the odds of the probability of any two alternatives to be
hosen by the respondent are independent of the presence of any
ther alternative in the choice set (Hensher, Rose, & Greene, 2005).
oreover, the MNL  model assumes that the utility functions across

espondents are identical, which means that preferences must be
omogeneous. Recently, the ML  and LC models have been popu-

arly used to evaluate preference heterogeneity in choice studies.
oth types of models relax the IIA property. The ML  model inves-
igates heterogeneity through the random coefficient approach
Alfnes, 2004; Aravena, Martinsson, & Scarpa, 2014; Hoyos, 2010;
ouwendal & Meijer, 2001; Train, 1998). The LC model classifies
espondents into several classes and formulates their preference
ariation with a discrete distribution (Boxall & Adamowicz, 2002;
osenius, 2010; Scarpa & Thiene, 2005). The preferences are homo-
eneous within each class. Since both the ML  model and the LC
odel can be applied to account for preference heterogeneity

although the objective of this paper is not to compare estimation
ethods and models), by reporting and discussing the results of

he two models, we are able to show that the main results of this
tudy are not sensitive to the selection of model specification, and
elp to identify the most appropriate model.

.2. Mixed logit model

The ML  model accounts for heterogeneity by allowing model
arameters to vary randomly over individuals. It is generally
ssumed that the preferences vary across respondents but not
cross choices of the same respondent (Revelt & Train, 1998). A
lustered specification is applied that allows for repeated choices
or each individual.

In a given sample with N respondents, each respondent n faces
 choice situations. Every choice situation has a choice set of J
lternatives. The utility for respondent n choosing alternative j in
he choice set in situation t is:

njt = ˇnXnjt + εnjt, n = 1, . . .,  N, j = 1, . . .,  J, t = 1, . . .,  T

(1)

here Xnjt is the observed attribute vector and ˇn is a vector of
ndividual-specific taste coefficients with a density function f(ˇn|�)

here � are the parameters of the distribution. The unobserved
rror term εnjt is assumed to be Gumbel-distributed.

In a logit model, the probability of an individual n to choose
lternative i conditional on knowing ˇn can be expressed by:

n(i|ˇn) = exp(ˇnXni)∑j=1
J exp(ˇnXnj)

(2)

In the case of multiple choices for each respondent, the logit
robability refers to the probability that the individual n will make
he sequence of T choices specified as t =

{
1, . . .,  T

}
. Knowing that

he probability of each choice is presented by Eq. (2), the logit prob-
bility of the observed sequence of choices conditional on knowing
n is given by:

T∏

n(jn1, . . .,  jnTn |ˇn) =

t=1

Pn(jnt |ˇn) (3)

here jnt represents the alternative chosen by individual n in choice
ituation t. The unconditional logit probability that individual n
lanning 148 (2016) 120–131 125

makes the observed sequence of choice j is integrated over the
distribution of ˇ:

Ln(�) =
∫

Pn(jn1, . . .,  jnTn |ˇn)f (ˇn|�)d  ̌ (4)

In a ML  model, the distribution parameters � of vector  ̌ can be
specified with a continuous distribution such as normal, log-normal
or triangular.

The log likelihood can be maximized using maximum simulated
likelihood methods (Train, 2003), done in the present study using
STATA 12 and the “mixlogit” package (Hole, 2007).

3.3. Latent class logit model

The LC model estimates the preference heterogeneity across
respondents by using a number of classes with different values of
taste parameters for each class. Assume that there are C classes with
different values of taste parameters ˇc =

{
ˇ1, . . .,  ˇC

}
. The proba-

bility of respondent n that belongs to class c is then denoted by �nc,
where �nc ∈ [0, 1] and

∑C
c=1�nc = 1.

With zn denoting the individual-specific characteristics, and
with the class allocation model taking a logit form, the probability
of respondent n falling into class c is given by:

�nc(�) = exp(�czn)∑c=1
C exp(�czn)

(5)

where � = (�1, . . .,  �C−1) are class membership parameters. The Cth
parameter is normalized to zero for identification (Greene, 2003,
chap. 21).

The probability of individual n of class c choosing alternative i is
given by:

Pc
nit(i|ˇc) = exp(ˇXnit)∑j=1

J exp(ˇXnjt)
(6)

Assuming the class of individual n is unknown, the uncondi-
tional logit probability for individual n choosing alternative j is then
given by:

Ln(jn1, . . .,  jnTn |ˇ1, . . .,  ˇC ) =
C∑

c=1

�nc

(
T∏

t=1

Pnjt(jnt |ˇc)

)
(7)

In the present study, the estimation of the LC model is done
using the STATA12 “lclogit” package (Pacifico & Yoo, 2012).

3.4. Willingness-to-pay approach

With the common two-step practice, which is also referred to
as a model in preference space (Train & Weeks, 2005), the marginal
WTP for an attribute is calculated by the ratio of the attribute’s
coefficient to the price coefficient, which are obtained from econo-
metric models such as ML  and CL models. In the case of the ML
model, the ratio of two  randomly distributed parameters will cause
a skewed distribution of WTP. Some approaches such as fixing the
price’s coefficient (i.e., imposing no heterogeneity in cost sensitiv-
ity) or specifying the price coefficient as log-normally distributed
have been applied so that WTP  values will not ‘explode’ (Meijer
& Rouwendal, 2006). For the LC model, the WTP  measure is the
weighted average of WTP  for each class using the probability of class
membership as weights. Because of its finite mixture structure, it
is less affected by the distributional assumptions on parameters.
Train and Weeks (2005) suggested estimating the ML model in
WTP  space. Applying this approach, the WTP  is directly estimated
by reformulating the model in such a way  that the WTP  of attribute
coefficients are directly obtained from the regression. Previous
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tudies have shown that the WTP  space models provide more rea-
onable estimated WTP  values with distributions that have lower
ensities associated with extreme values (Train & Weeks, 2005),
hereas other studies found that applying estimations in WTP

pace made their models fit the data less well (Sonnier et al., 2007;
rain & Weeks, 2005). However, Scarpa, Thiene, and Train (2008)
eported that the specification in WTP  space had a better fit than
he model in preference space in their empirical study. Based on
q. (1), we then separate the price attribute from the vector of
ttributes, i.e., assume ˇnXnjt = ˛npnjt + bnX ′

njt
, where pnjt denotes

he price attribute and X ′
njt

denotes a vector of other non-monetary

ttributes. The ˛n is the random parameter for price and ˇ
′
n are

ndividual random parameters of other non-monetary attributes.
he utility for respondent n choosing alternative j in situation t is:

njt = ˛npnjt + bnX ′
njt + εnjt n = 1, . . .,  N, j = 1, . . .,  J,

 = 1, . . .,  T (8)

njt is a random term that is Gumbel-distributed and whose vari-
nce is Var(εnjt) = k2

n(�2/6), where kn is the scale parameter for the
th individual.

The WTP  for attributes in preference space will be −bn/˛n. If we
se the ML  model to fit our data, then both the price parameter ˛n

nd the attribute parameter bn are random. As a result, the distri-
ution of WTP, which is a ratio of two random variables, will be
kewed.

Train and Weeks (2005) presented the estimation of WTP  by
pplying random parameter models in WTP  space. They showed
hat dividing Eq. (8) by kn does not change the household’s behavior
nd gives us a new error term εnjt, which is IID extreme value-
istributed. The variance of εnjt is �2/6:

njt = �npnjt + cnXnjt + εnjt (9)

here �n = ˛n/kn, cn = bn/kn, εnjt = εnjt/kn. Using the fact that
he WTP  for a given attribute is obtained through the ratio

TPn = cn/�n = bn/˛n, Eq. (9) can be rewritten as:

njt = �n

[
pnjt + �nXnjt

]
+ εnjt (10)

This specification is referred to as a utility in willingness-to-pay
pace. Apparently, Eqs. (9) and (10) describe the behaviors of indi-
iduals in the same way. In the case of a model in willingness-to-pay
pace, this problem of unrealistic skewed distributions can be
voided by directly specifying the distribution of the WTP  parame-
er �n since �n = bn/˛n. The model in willingness-to-pay space can
e estimated using hierarchical Bayesian estimation or maximum
imulated likelihood estimation (Train, 2003). In this study, the
aximum simulated likelihood estimation is applied as in Thiene

nd Scarpa (2009). It is estimated with STATA 12 using the “gmnl”
ackage (Gu, Hole, and Knox, 2013).

.5. Model specification

Decision makers are often inclined to retain their current choice
hen faced with new options (Samuelson & Zeckhauser, 1988). In

ur case, respondents may  prefer to stay in their own  dwelling.
herefore, an Alternative Specific Constant (ASC) is specified in the
odel for the status quo alternative in order to capture the system-

tic component of a potential status quo effect according to Scarpa,
errini, and Willis (2005). The vector Xnjt of our model contains
wo groups of variables. The first group of variables includes ran-
om parameter variables. Our four random parameter variables in

he ML  model are the “distance to forest” (DISF), “distance to parks”
DISP), “scenic view” (SVIEW), and “the price” (PRICE). In order to
ccount for the preference heterogeneity, we intended to define
ll attributes in the CE as random parameter variables. However,
lanning 148 (2016) 120–131

when we  estimated the preference parameters with the mixed logit
model, the standard deviation of the parameter “SURF” was not sig-
nificant. We therefore redefined SURF as a fixed parameter variable.
The random parameters were assumed to be normal distributed
over households (Hensher & Greene, 2003).

The second group of variables is estimated as non-random vari-
ables. The variable (SURF2) is used to capture the scale effect of
the living space of the house. It is assumed that living space has
a concave relationship with WTP, i.e., the marginal WTP  (MWTP)
will decrease with the increase of living space. The effect of
household characteristics on preferences is analyzed by including
interaction terms between household characteristics and attribute
variables. The household variables do not vary between the choice
alternatives and can therefore not be separately estimated in the
utility function. The interaction terms allow us to investigate the
so-called deterministic heterogeneity around the means of the esti-
mated parameters. The interaction term between “number of visits
to forest” and “distance to forest” (NBVF*DISF) is used to test if
respondents who  visit forests more often will have a higher WTP  to
avoid living farther away from a forest than that of respondents who
visit forests less often. Moreover, a considerable role in residential
location choice could be played by family income. The interaction
terms between the variable INCOME and other attributes are used
to test this hypothesis. Since a private garden may  be a substi-
tute for urban parks, we included an interaction term PG*DISP to
test this hypothesis. To observe potentially different behaviors of
homeowners and tenants, we also included the interaction terms
between OWNER and each CE attribute in our model.

4. Estimation results

Since 28.3% of the respondents in our sample were interviewed
in parks and forests, we needed to test the on-site and off-site selec-
tion bias. The result of the Hausman test suggests that there is
no significant difference between onsite sample data and offsite
sample data (Prob > Chi2 = 0.3091). The results of MNL, ML  and LC
models are presented in Table 5. Since the IIA assumption is rejected
at the 1% level according to the results of the Hausman test, the MNL
estimates are not reliable. The results of the MNL  model are pre-
sented only for completeness and for the comparison of estimates.
Nylund, Asparouhov, and Muthén (2007) found that the superior-
ity of the Bayesian Information Criterion (BIC) is evident compared
to other information criteria such as the Akaike Information Crite-
rion (AIC), consistent AIC (CAIC), and adjusted BIC for determining
the number of classes in a LC model. In our case, the BIC suggested
a 2-class LC. Since the ML  and LC models are non-nested models,
we applied the Vuong test to decide which one fit our data bet-
ter (Greene, 2003; Hensher et al., 2015, p. 238; Vuong, 1989). The
result of the Vuong test between the LC model and the ML  model
in Table 5 (−16.952 < −1.96) suggests that the ML  model provides a
better fit to the data than the 2-class LC model. The details of these
results are available from the authors.

In the LC model, the variables “DISP”, “SVIEW” and “PRICE” are
significant in both classes. The negative coefficient of “DISP” shows
that respondents avoid living farther away from parks. The posi-
tive coefficient on “SVIEW” implies that people are willing to have
green scenery outside their window. In both classes, the respon-
dents prefer less expensive housing since the coefficients of “PRICE”
are negative.

A total of 40.6% of the respondents were assigned to class A. The
parameter of the variable “ASC” is significant and positive in class A.
It implies that members of class A prefer the status quo situation,

i.e., they prefer their actual housing. The significant positive sign
of the variable “OWNER*ASC” indicates that although the variable
“ASC” is not significant in class B, the house owners in class B are
more likely to choose their current house. There is an important
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Table  5
Parameter estimates for the MNL, ML  and LC model.

MNL Mixed logit Latent class logit

Class A Class B

Fixed parameters
ASC 0.739*** 0.846*** 3.175*** −0.670

(0.182) (0.240) (0.730) (0.391)
SURF 0.048** 0.043* 0.018 0.111**

(0.017) (0.021) (0.027) (0.038)
SURF2 −8.48e−05** −8.87e−05** −5.46e−05 −0.001**

(3.03e−05) (3.31e−05) (2.85e−05) (4.54e−04)
NBVF*DISF −0.123* −0.171* −0.186* −0.223

(0.057) (0.085) (0.090) (0.126)
INCOME*DISP 1.023*** 1.565*** 0.656 1.134***

(0.194) (0.378) (0.635) (0.272)
PG*DISP 1.004* 1.617* 0.873 2.633*

(0.452) (0.766) (0.753) (1.295)
OWNER*ASC 0.841*** 1.125*** −2.831*** 3.809***

(0.249) (0.331) (0.831) (0.769)
OWER*DISP 2.339** 3.193* 1.539 −7.943

(0.842) (1.419) (1.920) (6.037)
OWNER*INCOME*DISP −1.571*** −2.443*** −1.385 −1.192

(0.342) (0.647) (0.814) (7.973)

Random parameters
DISF 0.109 0.120 0.337 0.087

(0.075) (0.121) (0.148) (0.133)
DISP  −2.563*** −3.929*** −1.334* −3.286***

(0.485) (0.901) (1.476) (0.692)
SVIEW 0.698*** 0.957*** 0.793** 0.821**

(0.139) (0.245) (0.267) (0.250)
PRICE −7.550*** −9.578*** −10.991*** −7.509***

(1.021) (1.665) (2.178) (1.667)

Std.  Dev. of random parameters (ML  model)
DISF 0.343*

(0.146)
DISP 1.835***

(0.537)
SVIEW 1.362***

(0.388)
PRICE 10.455***

(2.805)
Class share 0.406 0.594

Vuong test: comparison ofML and LC −16.952*** < −1.96
LL  −449.284 −434.845 −408.667
Mcfadden R2 0.242 0.263 0.302
No.  of choice observations 540 540 540

Standard errors are in parentheses.
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p < 0.1.
** p < 0.05.

*** p < 0.01.

ifference between the coefficient of “DISP” in class A (−1.334) and
he one in class B (−3.286). This result indicates that members of
lass A are less sensitive to distance to parks (DISP) than members of
lass B. Although distance to forest (DISF) did not affect the choices
f members of both classes in general, the significance of NBVF*DISF
n class A implies that respondents with a larger number of annual
isits to a forest lose more utility if they live farther away from
orests. The marginal loss of living farther away for a respondent
isiting less than once per month is the sum of the coefficients on
ISF and NBVF*DISF.

In brief, the results of the LC model supported the existence of
reference heterogeneity in the sample.

In the ML  model, all parameters are significant and have the
xpected sign except the distance to forest (DISF), which is not sig-
ificant. In short, the results show that all respondents prefer larger,

ess expensive houses with a view of green spaces, and they do not

refer to live farther away from parks. The variable NBVF*DISF is
ignificant at the 10% level. It implies that people who often visit
orests do not prefer to live farther away from a forest. The standard
eviations of random parameters are all significant, which also
proves the existence of preference heterogeneity in the sample.
Since the ML  model proved itself to be preferable to the LC model,
our WTP  estimates are computed based on the results of the ML
model.

5. Welfare estimates

Since the Vuong test suggests that the ML  model is provides a
better fit to the data than the 2-class latent class model (Table 5),
we only estimated the WTP  with the mixed logit model. The results
obtained from the ML  model in preference space and WTP  space
are reported in Table 6. The column “WTP space” presents the WTP
parameters of the ML  model in WTP  space. The column “Prefer-
ence space” presents the WTP  estimates computed with the results
of the ML  model in Table 5 based on the Krinsky and Robb para-
metric bootstrapping technique. Comparing the results of the two

approaches shows that all attributes have the same sign and that
their absolute values are not very different. However, comparing
the two “Standard Error” columns, we  find that the standard errors
of the mean marginal WTP  of attributes estimated by the ML  model
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Table 6
WTP  estimates with mixed logit model in WTP  space and preference space.

WTP  space Preference space

Variable Estimates Std. Err. Estimates Std. Err

Non-random parameters
ASC 0.0745*** 0.024 0.088*** 0.030
SURF  0.005** 0.002 0.005** 0.002
SURF2 −9.51e−06*** 3.86e−06 −9.26e−06*** −3.70e−06
NBVF*DISF −0.018** 0.009 −0.018** 0.010
INCOME*DISP 0.158*** 0.041 0.163*** 0.049
PG*DISP 0.143* 0.079 0.168** 0.088
OWNER*ASC 0.114*** 0.036 0.117*** 0.042
OWER*DISP 0.329** 0.150 0.333** 0.169
OWNER*INCOME*DISP −0.245*** 0.069 −0.255*** 0.080

Random parameters
DISF 0.009 0.012 0.013 0.014
DISP  −0.409*** 0.097 −0.410*** 0.116
SVIEW 0.099*** 0.023 0.099*** 0.026

Std.  Dev. of random parameters
DISF 0.039*** 0.013 0.033** −0.016
DISP  0.200*** 0.053 0.176*** −0.065
SVIEW 0.131*** 0.039 0.130*** −0.044

No. of respondents = 180.
No. of choice observations = 540.
McFadden’s pseudo R2 = 0.2586.
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og likelihood at convergence = −438.4082.
ignificance level: ***1%; **5%; *10%.

n preference space are bigger than the ones of the ML  model esti-
ated in WTP  space. The results with the lower standard errors are

etter because they are more precisely measured (the uncertain-
ies are smaller). This implies that the results obtained from the

L  model in WTP  space are more efficient. This result is consistent
ith Hensher (2006) and Sonnier et al. (2007). As a result, we prefer

o interpret the results of the ML  model in WTP  space.
The WTP  for ASC is statistically significant at the 1% level in the

L model. All other attributes being equal, respondents are willing
o pay 7% more for the status quo alternative, i.e., the houses they
re actually living in. The interaction term OWNER*ASC is signifi-
ant at the 1% level. Its parameter is positive and thus implies that
he owners are willing to pay 11% more for staying in their actual
ouses than the renters.

People’s WTP  for having a forest in the vicinity is estimated
n our model. The interaction term NBVF*DISF has a significant
egative impact on individuals’ preferences at the 5% level. This

mplies that when the number of visits to forests increases, the
TP  to avoid that the house is farther away from peri-urban for-

st increases. The random parameter associated with the variable
ISF is not significantly different from zero. This implies that the
istance to peri-urban forests does not affect people’s choices of

 residential location in general. However, the statistical signifi-
ance of the standard deviation parameter of DISF suggests that
eople have heterogeneous preferences for the distance between
eri-urban forests and their homes.

We calculated the changes in willingness-to-pay (MWTP)
f marginal changes in distance to forest and parks using the
stimates of DISF and NBVF*DISF. The MWTP  to avoid living farther
way from a forest or a park is presented in Table 7 where we have
easured the MWTP  (in D ) of housing price per square meter for

omeowners and rents per month per square meter for tenants.
or example, according to the base-line information of the housing
arket, an average-size home is 123 m2 for house owners and 64

or renters. The average price for a house of 123 m2 is D 158,250. The

verage rent for a house of 64 m2 is D 544. The MWTP  of living close
o forests for a house owner is equal to “[0.018 * Number of visits
o forest * housing price]/size”. People who visit forests less than
nce a month are not willing to pay more for living close to a forest.
If people visit forests more than once a month, the MWTP  of
homeowners and tenants is D 33.56/m2 and D 0.23/month/m2,
respectively. If their visit frequency is at least once a week,
the MWTP  of homeowners and tenants is D 56.27/m2 and
D 0.37/month/m2, respectively

The parameter of SURF is significantly different from zero at
the 1% level and has a positive sign. In general, the WTP  for one
additional square meter of living space for an average-size home
is D 815.24 for homeowners and D 2.80/month for tenants. The
non-significant standard deviation parameter shows that the pref-
erence concerning living space is homogeneous. Not surprisingly,
the variable SURF2 has a significant effect at the 5% level and a
negative impact. This implies that the marginal WTP  for one extra
square meter of living space will decrease when the living space
increases.

The distance to parks (DISP) strongly affects respondents’
choices of a residential location since the utility significantly
decreases at the 1% level with increasing distance to parks. The
mean of the parameter suggests that residents, on average, are will-
ing to pay to avoid living farther away from parks. The standard
deviation parameter of DISP is significantly different from zero
at the 1% level. This shows that respondents’ preferences for liv-
ing near parks vary among households. However, combining this
evidence of preference heterogeneity with the mean parameter
estimate indicates that 98% of the respondents have a positive WTP
for reducing the distance to parks from their home. The value of
98% is calculated as “1 − ˚[−(mean parameter estimate/random
parameter standard deviation)] = 1 − ˚[−(0.4092/0.1998)]”, where
˚[x] is the cumulative standard normal distribution.

The WTP  parameter of the variable INCOME*DISP is significantly
different from zero at the 1% level. The positive sign of the param-
eter of INCOME*DISP implies that wealthier families will pay a
smaller portion of their housing expenses to avoid living one km
farther away from parks. The variable OWNER*INCOME*DISP is sig-
nificantly negative at the 1% level. This indicates that homeowners

are willing to pay more to avoid living father from a park if their
income increases. The variable PG*DISP has a significant impact
on preferences at the 10% level. The positive sign of its parameter
shows that people may  substitute private gardens for parks since
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Table  7
WTP  for being closer to forests and parks for house owners and renters in D .

MWTP Estimates Owner, D /m2 Renter, D /month/m2

NBVF = 1 NBVF = 2 NBVF = 3 NBVF = 1 NBVF = 2 NBVF = 3

Changing residential distance to forest by one km,  for
those visiting forests

10.86 33.57 56.27 0.07 0.23 0.37
(11.65) (17.09) (26.84) (0.07) (0.11) (0.18)

Changing residential distance to a park by 100 meters,
for those with a private garden

16.42 −0.02
(8.65) (0.7)

Changing residential distance to a park by 100 meters, 34.84 0.12
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for those who do not have a private garden (10.81) 

ote: the standard errors are presented in parentheses.
WTP  is measured as the relative value of the respondent’s current rent or house p

aving a private garden reduces respondents’ WTP  to avoid living
arther away from a park.

Using the estimates of the variables DISP, INCOME*DISP,
WNER*INCOME*DISP, PG*DISP and OWNER*DISP, we estimated

he MWTP  for living 100 meters closer to a park for middle-income
omeowners and middle-income tenants in our sample. For home-
wners who do not have a private garden, their MWTP is 2.7% of
heir current house’s price (D 34.84/m2) on average. However, for
omeowners who have a private garden, their MWTP  is reduced to
.2% of their current house’s price (D 16.42/m2) on average. Tenants
o not behave the same way. For tenants who do not have a private
arden, their WTP  is 1.4% of their actual rent (D 0.12/month/m2)
n average. If tenants have their own private garden, their MWTP
or the “distance to park” attribute is not significant. Therefore, our
esults show that homeowners’ preferences in relation to parks are
ifferent from those of tenants, and private garden owners’ prefer-
nces in relation to parks are different from those of people who
o not have private gardens.

The mean parameter of the variable SVIEW is significantly dif-
erent from zero at the 1% level, with a positive sign showing
he importance of a view in the individual’s choice of residential
ocation. It is also important to consider the significance of the
tandard deviation parameter of SVIEW. Combining this evidence of
reference heterogeneity with the mean parameter estimate indi-
ates that 77.7% of respondents have a positive WTP  for having

 window view of green spaces. The value “77.7%” is calculated
s “1 - ˚[−(mean parameter estimate/random parameter standard
eviation)] = 1 − ˚[−(0.0993/0.1305)]”, where ˚[x] is the cumu-

ative standard normal distribution. On average, respondents are
illing to pay 9.9% more to have a scenic view of green spaces out-

ide their window. Taking an average-size house for each group
owners and tenants) as an example, homeowners are willing to
ay D 127.80/m2 and tenants are willing to pay D 0.84/month/m2.

. Discussion

This study focuses on the preferences of residents of the city of
ancy in terms of the environmental attributes of their houses,
specially the distance to urban green spaces (e.g., peri-urban
orests, parks) and the scenic view of green spaces. We  used the CE

ethod to observe how residents evaluate urban green spaces in
 neighborhood when they make their location choices. Instead of
resenting alternative residences independent of the current res-

dence, we applied a pivot design to make the CE more realistic.
aking the respondent’s current house or apartment as a refer-
nce alternative, the attributes of other alternatives revolve around
he attributes of the reference alternative. Previous studies that
hose to valuate urban green spaces through residential choice
ost frequently applied the hedonic pricing method. Considering
he advantages of CE compared to hedonic pricing methods (see
ection 2.1), we chose to estimate the value of urban green spaces
y applying the stated preferences approach to residential choice
odeling. The results of both of the ML  and LC models supported
(0.04)

the existence of preference heterogeneity. The marginal WTPs for
attributes are estimated with a ML  model both in preference space
and WTP  space. In the case of random parameter estimation, using
the WTP  space approach can avoid the shortcomings of the prefer-
ence space approach.

Our study, based on a convenience sample, found that peri-
urban forests have a significant recreation value for the local
population. By incorporating interaction terms between distance
and household variables, we are able to further estimate factors that
determine the preference heterogeneity with respect to environ-
mental attributes in households’ residential choices. By reducing
the distance to a forest, forest visitors can cut down their travel
costs, including travel time. Although respondents who have not
visited a forest do not have a significant WTP  for living close to a for-
est, we found that respondents who had visited a forest at least one
time during the last 12 months were willing to pay a higher price
for living close to one. The WTP  increases with the respondent’s
number of visit to a forest. This is consistent with the recreation lit-
erature where the WTP  for a given recreational site decreases with
the distance (e.g., Li & Mattsson, 1995).

Our results indicate that living near parks is preferred by people
in general. This result is consistent with previous hedonic pricing
studies. After a review of 30 studies, Crompton (2001) found that
the appraised values of homes close to parks and open spaces were
generally 10–20% higher than comparable properties without such
amenities. Morancho (2003) found that every 100 meters farther
away from a green area leads to a drop of approximately D 1800
in the total housing price in Castellon, Spain. Dehring and Dunse
(2006) reported that being one meter closer to a city park leads
to a 0.02% increase of real estate prices in Aberdeen, Scotland. In
addition, we found that this preference differs among people. We
surprisingly found that people’s WTP  for living closer to a park
decreases when their income increases. This may  result from the
fact that the demand for public green spaces increases by less than
the proportional change in an individual’s income. Another pos-
sible explanation for this result is that wealthier families are less
sensitive to travel cost. They are willing to pay more for visiting
parks. However, if high-income families live in more expensive
residences, then they in fact may  pay a higher amount for these
amenities in absolute terms. Furthermore, considering that wealth-
ier families have more demands on other aspects of their homes,
they in fact probably reduce the share for public green spaces in
their housing expenses. Landry and Chakraborty (2009) found that
the tree canopy share is higher in urban areas with higher incomes
in Tampa, Florida, implying that higher income households have
more substitutes for parks, e.g., street trees, in their demand for
urban greenery. We  also discovered that having a private garden
can reduce the WTP  for living close to a park, implying that the pos-
session of a private garden can decrease the WTP  for living close to

a park. There are quite a few studies that focus on the substitution
effect of private gardens on the value of public green spaces. For
example, using the hedonic price model, Panduro and Veie (2013)
did not find complementarity or substitutability between common
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reas and private gardens. Our results indicate that these two types
f urban green spaces are substitutes.

We  compared the choice behavior of homeowners and tenants.
omeowners are willing to pay less for living close to parks com-
ared to tenants. However, this WTP  of homeowners increases with
heir income. Besides valuating the WTP  for living close to urban
reen spaces, we attempted to test the substitute effect between
eri-urban forests and urban parks by including an interaction term
etween distance to forest and distance to parks. The term is not
ignificant, indicating that parks and forests are not substitutes.

We also succeeded in estimating indirect use values such as the
cenic value of the green spaces. Using the hedonic pricing method,
ecent studies found that the scenic view of green spaces has a pos-
tive effect on housing prices in Europe. Tyrvainen and Miettinen
2000) found that dwellings with a forest view were on average
.9% more expensive than dwellings with otherwise similar char-
cteristics in Salo, Finland. Cavailhès et al. (2010) found that the
ousing price will be increased by 1.5–2% for a view of trees and
elds in Dijon, France. Using the CE method, our study found sim-

lar results, implying that people can benefit from the amenities
f green spaces without having access to them. Such information
hould be taken into account to evaluate different scenarios of
rban landscape planning. In France, there are many private forests
hat are not open to the public, but that does not prevent them from
roviding amenities to the local population. However, this value
f private green spaces is seldom integrated into urban planning
rocesses.

. Conclusion

The role of individual preference heterogeneity for urban green
paces in people’s residential location choices is rarely explicitly
reated in the literature on the valuation of green spaces. To our
nowledge, this is the first application of CE to residential choice
odeling in the literature on the valuation of green spaces. Apply-

ng a pivot style CE, this paper provides new evidence on the
reference heterogeneity for urban green space of urban dwellers.
hen making housing choices, people’s preference heterogeneity

or distance to peri-urban forests is related to recreational use. The
TP  for having peri-urban forests in the vicinity increases with

he frequency of forest visits. Respondents’ preferences for having
rban parks in the vicinity are heterogeneous due to income dif-
erences and private garden ownership. Moreover, having a house
ith a private garden may  substitute for being close to urban
arks. The significant WTP  for scenic views shows that residents
an benefit from urban green spaces with and without visiting
hem.

In our study, we requested respondents to make trade-offs in
he situation where only the five attributes in the CE varied and
ll of the other attributes remained the same. This is obviously
ognitively demanding. Since the welfare estimates in our study
orrespond relatively well to previous results in the literature, we
elieve that the respondents were able to make these hypothetical
hoices. However, future studies should more explicitly investigate
he respondents’ considerations when making their choices. It is
bvious that a person’s residential location choice could be strongly
ffected by other unobserved factors such as schools, hospitals, etc.
herefore, applying our results to simulate residential distribution
f the population, for example, will require additional data.

Our study has implications for land-use planning in urban areas,
ncluding the construction of an urban green belt, a peri-urban
fforestation project, etc. This information is not only relevant for

ncreasing the welfare of existing inhabitants by optimal land-use
lanning but also contributes to attracting new residents. This latter
spect is often an important objective for urban or regional policy
akers.
lanning 148 (2016) 120–131
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