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Abstract 
Dating back to the Roman Empire, the Anciens Marais des Baux have been marked by an 
alternating retreat and expansion of its wetland under the influence of human activities. With the 
public funded polderisation and installation of electrical pumps in the late 1950s, the original 
2800 hectare large wetland was reduced to 200 hectares. Today, we are close to yet another turn in 
history, as various triggers, amongst rising environmental consciousness and compensatory payments 
for wetland restoration is in sight. We use the Choice Experimental Method to determine what the 
preferred landscape is, and under wetland restoration, its most desired features. The random 
parameter logit model is employed to capture unobserved preference heterogeneity. Consistent 
with expectations, we observed that respondents who are environmentally conscious or are 
parents of young children, are WTP more ceteris paribus for all the attributes in question, 
compared to those without these characteristics. Not surprisingly, the respondents considering the 
wetland in Marais des Baux to be part of their cultural heritage wishing to visit it in the future, 
and preserve it for future generations, have the greatest WTP for any combination of attributes. 
We also observed the importance of mosquito control in any support of wetland restoration 
among respondents. Distinct landscape features, such as tree hedges which still allows for the 
view of the massif of the Alpilles are valued higher than recreational facilities, while more 
biodiversity is lowest on the priority list.  
 

Introduction 
The purpose of this paper is to elicit individual preferences for various landscape and associated 
activity changes in the Marais des Baux3. The history of land use in Marais des Baux is one which is 
marked by continuous attempts to drain its wetland, dating back to the Roman era. Agriculture is a 
vital activity where alpha–alpha and wheat are the main cash crops whose production is fertiliser 
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intensive. Water drainage and pollution due to run-off from agricultural production, have adverse 
effects on water quantity and quality. These in turn affect the level of biodiversity that the area is able 
to support (Birol et al., 2006).  
 
Wetlands are amongst the earths most productive ecosystems, described as “the kidneys of the 
landscape” because of the functions they can perform in the hydrological and chemical cycles; and as 
“biological supermarkets” because of the extensive food webs and rich biodiversity they support 
(Mitsch and Gosselink, 1993) In spite of this, wetlands have long suffered from a negative image in 
France, illustrated in the late ratification (1986) of the 1971 Ramsar convention4. Between 1990 and 
2000 France has lost 63% of its wetlands with the expansion of agriculture responsible for 70% of 
this reduction (Baumais et al., 2007).  According to Turner et al., 2000, this is the result of a situation 
of interrelated market and intervention failures deriving from the fact that politicians and the general 
public insufficiently understand the role and functions of wetlands (Turner et al 2000).  
 
Today however, a number of factors have fostered a critical reflection of the present agricultural 
orientation of the Marais des Baux. In particular, its designation under the EU Habitats Directive 
(92/43/EEC), the rising costs of water drainage, the flooding of the valley in 2003, concerns over 
water quality, and the foreseen decoupling of agricultural payments. Consequently, the regional 
nature Park of the Alpilles (PNR of Alpilles) and the conservation organisation A Rocha France5 have 
been engaged in a consultation process with the five largest landowners to define future land use 
priorities for the area.  
 
Uncertainty over inherent public goods calls for the submission of all the future potential landscape 
changes to careful appraisal, including general public consultation and scientific audits. The survey 
presented in this paper is an ingredient to this process. In a complex social and ecological 
environment, multiple stakeholders and conflicts of interests may easily translate into a maintenance 
of the status quo. Consensus between landowners, hunters, tourist associations, regional and local 
planners over the future landscape configuration of the Vallée des Baux is far from settled. In 
particular, wetland restoration is coupled with a degree of resistance amongst local authorities, mainly 
due to the fear of mosquito explosions and the loss of jobs in the agricultural sector.   
 

 
                                                 
4 The Ramsar convention came into force 1975 as an inter-governmental conservation treaty where a framework of 
international co-operation was provided for the conservation of weltand habittats to ensure their conservation and 
wise use.  
5 http://en.arocha.org/france/ 
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Figure 1 : Location and extent of original wetlands  
Total of Marais d’Arles and Marais des Baux 2800 hectares. Total of Anciens Marais des Baux: 1300 hectares 

 
In this paper, we attempts to gain an insight into the nature of trade-offs that are inherent in public 
preferences over the range of possible future landscape configurations herein comprising some of the 
use and non-use values. To clarify the picture, this study applies choice experiments (CE: Louviere et 
al., 2000). A choice experiment is a highly ‘structured method of data generation’ (Hanley et 
al.,2006), relying on carefully designed tasks or “experiments” to reveal the factors that influence 
choice. The CE can be used ex-ante to estimate use and non-use values for any environmental 
resource as a whole, and the implicit value of its attributes, their implied ranking and the value of 
changing more than one attribute at once (Birol et al., 2006)    
 
The environmental resource is the landscape in our case, defined in terms of its attributes and levels 
that these attributes take with and without various future management options. From the point of view 
of the local citizens, one may use the CE to determine what the preferred landscape is, and under 
wetland restoration, the most desired features that the wetland should provide. Is the resistance to 
wetland restoration lessened, if we introduce mosquito control and in that case, what kind of 
mosquito control?  How much are enhanced recreational facilities valued relative to biodiversity 
enrichment and/or the management of mosquitoes? The inclusion of a monetary attribute in the CE 
constrains choice behaviour within a private budget constraint and allows us to answer questions such 
as how much more the public is willing to pay for wetland restoration relative to open agricultural fields 
and/or a larger degree of tree coverage?  The trade-offs between attributes being conducted in this study 
are not easy. But at the level of policy discourse, taxpayers are commonly asked to make such stark 
trade-offs.  
 
In valuation studies there is an increasing recognition of the importance of wetlands (Heimlich et al. 
(1998), Boyer and Polasky (2004), brouwer et al 2003 and brander et al 2006 and recently with the 
application of the CE valuation technique (Birol et al., 2006, Carlson et al., 2003, Birol and Cox 2007). 
Till date however, no CE as far as the authors are aware, have explicitly targeted wetland restoration while 
allowing for other lands use changes that could take place independent of wetland restoration. In section 2 
we provide an insight in to the theory behind the choice experiment method and the statistical models 
employed. In section 3, the major elements in the designing the CE survey applicable to Marais des 
Baux are presented. Section 4 reports the results of econometric analysis and Section 5 concludes the 
paper.  
 

2  The Theory behind the Choice Experiment Method 
In the application of the choice experiment, the individual is presented by the use of a questionnaire 
for a hypothetical choice situation, from which only one alternative can be chosen between two or 
more. Every alternative in a choice set is described by several attributes which can have several 
levels over the different alternatives. This set up is based on two fundamental building blocks: 
Lancaster's characteristics theory of value, and random utility theory (RUT). Lancaster (1966) asserted 
that the utility derived from a good comes from the characteristics (attributes) of that good, not from 
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consuming the good itself. The value of a good is then given by the sum of the value of its attributes 
(Hynes and Hanley 2006).   
 
In RUT, individuals n=1,…,N face a choice among J alternatives, denoted j=1,…,J in T choice sets, 
t=1,…,T.. and chooses the alternative that provides the greatest utility. The utility is known to the 
decision maker, but not the researcher. An individual chooses alternative i, if and only if Unit > Unjt 
Utility is then decomposed as: 
 
  Unjt = Vnjt + εnjt  (1) 
 
where Unjt is the latent, unobservable utility held by consumer n for choice alternative j, Vnjt is the 
systemic or determinable portion of utility that consumer n has for choice alternative j in choice set t, 
and εnjt is the random or unobservable portion of the utility that consumer n has for the choice 
alternative (Train 2003). In using the multinomial logit model to determine the probabilities of choosing i 
over j options (Bennett et al 2001;Hesher et al 2005), it is assumed that the stochastic components are 
independently and identically distributed (IID) with an extreme value distribution. The IID 
assumption implies that the unobserved portion of utility for one alternative is unrelated to the 
unobserved portion of utility for another. Consequently, it fail to capture differences in tastes that 
cannot be linked to observed characteristics and misprediction arises6 (Hensher et al 2005).  
 
The heart of the rational model of economics is the idea that consumers seek to maximize innate, 
stable preferences over the quantities and attributes of the goods they consume. In psychological 
theories of the choice process however, the individual is less organized - Affect and motivation are 
key determinants of attitudes and feed into the choice process, and unobserved sources of 
heterogeneity may come from past experiences or hidden attitudes. In these theories, the economists' 
calculus of utility assessment and maximization is reduced to one of many factors in the decision-
making environment (McFadden 2001). Random taste variation, can be accounted for in the mixed 
logit model, such as the latent class and the random parameter logit model (RPL).  
 

2.1 The random parameter logit model 
 
The mixed logit probability can be derived in a number of different ways (see e.g. Train 2003), but 
the most popular, and also most straightforward, is the random parameters approach (Greene and 
Hensher 2007). This approach involves mapping taste variations to specific individuals through re-
parameterisation of the mean and the standard deviation of the distribution of each random parameter. 
This way, each β-parameter associated with an attribute is treated as a random parameter, having both 
a mean and a standard deviation, instead of being treated as a fixed parameter, where all behavioural 
information is captured by the mean, and the standard deviation in effect is zero (Hensher and Greene 
2003). 
 

                                                 
6 Preference heterogeneity can be accounted for by using respondent’s social, economic and attitudinal 
characteristics directly as interaction terms with choice specific attributes. But these methods do not detect for 
unobserved-random heterogeneity. 
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In the random parameters approach, individuals n=1,…,N face a choice among J alternatives, denoted 
j=1,…,J in T choice sets, t=1,…,T. The individual’s utility from alternative j in choice set t is 
specified as  
 

ntjntjnntj xU εβ +′=  (2) 

 
The K 1 vector xntj defines the full set of observed explanatory variables in terms of the attributes of 
the alternatives and the decision maker (Green 2002).  βn is a K 1 vector of coefficients of these 
variables for person n representing that persons tastes and the εntj is a random term assumed IID type 
1 extreme value distributed independent of βn and xnjt. The individuals evaluate each alternative 
within each choice set based on their own preferences. That is, tastes vary only across individuals but 
not across choice sets and alternatives for each individual. In other words, utility is correlated over 
choice sets for each individual and over alternatives for each choice set (Boye Olsen). Hence, β is 
only subscripted with n.  
 
The βn varies over individuals in the population with density ( )θβf , where matrix θ is a vector of 

the true parameters of the taste variation, e.g. representing the mean and standard deviation of the β’s 
in the population. The  β’n  vector can therefore be expressed as the population mean (b) and the 
individual specific deviation from that mean η. Hence, the above utility function can be rewritten as 
(Revelt and Train 1998):  
 
 Untj = b’n xntj + ηn xntj +  εnjt (3) 
 

By definition the individual chooses alternative i over alternative j if and only if: 
 
   (4) ijUU ntjnti ≠∀>

 
The standard logit probability of individual n choosing alternative i in choice set t conditional on βn 
can then be written as:
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As the individual evaluates a series of choice sets, the conditional probability of observing a sequence 
of choices i(n, t) from the choice sets is the product of the t conditional probabilities of the standard 
logits, as put forward in equation (3):  
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However, as βn is unobservable to the analyst, it is not possible to condition on β. Instead, the 
unconditional choice probability is determined as the integral of equation (4) over all possible values 
of βn weighted by the density of β. Assuming linear-in-parameters utility, the mixed logit probability 
for observing a sequence of choices i(n, t) for individual n is then 
 

( ) ( ) βθββθ dfSP nnn ∫=)(
 
(7) 

 
The mixed logit probabilities does not depend on values of β  as they are integrated out. The analyst's 
final goal is to estimate θ, the population parameter that reveals the distribution of the individual 
parameters, - the mean and variance of β. In the random parameter model, the mixing distribution 
f(β) is specified to be continuous with a normal, lognormal, triangular or uniform distribution, 
allowing explicitly for a range of attitudes towards attributes within the population (Train 2003).  The 
random parameter logit approach has an intuitive appeal in so far as it allows explicitly for a range of 
attitudes towards attributes within the population, identifies which attributes have significant levels of 
heterogeneity in preferences, and quantifies the degree of the spread of values around the mean 
(Greene, W. and Hensher., 2002)  
 

3. The design of the Survey Questionaire 
A questionnaire is a data-collection instrument that sets out in an formal way the questions designed 
to elicit the desired information. Since the questionnaire require respondents to consider how a 
changes in a non traded good or service, the policy should be perceived as realistic and feasible 
(Bateman et al 2001).  
 
The determination of the relevant attributes and their levels was a long iterative process spanning 
over several months the summer / Autumn 2007. The information gathering process was a 
combination of field visits with landowners and planners,  expert and stakeholder interviews (regional 
nature parc, mosquito experts hydrologists and ecologists). Subsequently, the identified attributes and 
their levels were pre-tested in focus groups, which brought additional insigth into appropriate survey 
questions on attitudes, opinions, and familiarity with the area. The attributes were chosen to meet the 
following requirements (Bergman et al 2006):  
•   Relevant to the problem being analysed, 
•   Credible and realistic, 
•   Capable of being understood by the sample population, and 
•   Of applicability to policy analysis. 
On the basis of these criteria, the identified subset of most pertinent attributes are : Size of the 
wetland, tree hedges, access and recreational facilities, level of biodiversity and mosquito control. 
The motivation hereof is provided below: 
 
3.1 Attribute identification 
According to the milestone of the European landscape convention “All forms of landscape are crucial 
to the quality of the citizens’ environment reflecting the diversity of their common cultural and 
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natural heritage and as the foundation of their identity” (Dury 2002). As such, the landscape can not 
be studied without being interested in the preferences of individuals for this good. From the point of 
view of the road that cuts directly through the Anciens Marais des Baux or the free unlimited access 
to the dyke, the landscape in the Marais des Baux is non-excludable and non-rival.   
 
The landscape features concerned in with wetland restoration, comprise ponds, reed beds, and 
marchland at the place of cereal and alpha alpha cropland. Open water surface areas such as ponds are 
expected to create non-use values through feelings of serenity and tranquillity (Birol et al 2005). 
According to hydrological conditions, landowner preferences and Natura 2000 objectives, two levels 
of restoration were identified (table 1). White poplar trees currently present in a fragmented area in 
Marais des Baux, is a priority habitat under article 1 due to their hydrological and biological functions 
(PNR 2006, Le Grand 2007). The planting and maintenance of both white poplar and ash trees is a 
key conservation strategy regardless the remaining landscape configuration. Even though 
technological constraints have impacted in favour of the destruction of hedges, newer ecological 
constraints play in favour of their planting, we desired to examine whether a particular landscape 
demand does likewise. In a region of a frequent aggressive wind le Mistral, where the sun shines 6 
days out of 7, and forested areas are closed during the summer, is a distinctly structured landscape, 
windblocks and shadow an alternative to the traditional open provencial landscape ? 
 
Mosquito populations have historically been controlled through the drainage of wetlands. Since 
mosquitoes have long been considered incompatible with tourist development the motivation behind 
control lies in economic growth and the preventing the (misconceived) spread of illnesses. The 
neighbouring wetland of the Camargue (Salin-de Giraud/Port-Saint-Louis-du-Rhône) has since 2006 
been subject to a preliminary experiment of mosquito control using the biological insecticide the 
bacteria Bacillus thuriengiensis israelis (Bti)7. This suggests that a strict mosquito control in the 
Marais des Baux may be necessary in case of wetland restoration. Aside from control by the Bti 
toxin, another strategy more compatible with the conservation objectives, consist of modifying the 
schedule of water table variations and using biological control such as small fish natural predators of 
mosquito larvae (Gambusies).  
 
Natural ecosystems such as wetlands are places, where people can come for rest, relaxation, 
refreshment and recreation (Twi 2007). Features of beauty, rare or spectacular biodiversity are 
elements of a site that offer themselves to specific activities –Canoeing, fishing, hunting and bird 
watching. Furthermore, with enlarging populations, locally and internationally, affluence and leisure-
time, the demand for recreation in natural areas (‘eco-tourism’) will most likely continue to increase 
in the future (De Grott et al 2002). Some activities, if not carefully managed however, may disturb 
and fragment wildlife habitat, hindering the full potential for biological diversity. Instead, carefully 
managed passive recreational uses may ensure the least impact on the wetland ecosystem. Passive 
recreation refers to non-consumptive uses such as wildlife observation, walking, biking, in well 
organised circuits. Inspired by the different management strategies in the nearby wetlands of the 
Camargue, interviews with landowners, tourist and hunting societies, two future attribute levels were 

                                                 
7 Bacillus thuriengiensis israelis (Bti) -the only mosquito control insecticide allowed, was registered in 1961 as a 
mildly toxic pesticide, a natural bacteria of the soil that produces toxins which cause the death of insects. 
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identified, with emphasis on “observation and exploration” (active recreation) and “observation and 
protection” (passive recreation). In regard to the latter, independent of landowner decisions, the 
publicly accessible dyke could be equipped to facilitate passive recreation with the establishment of 
public facilities, such as information boards and observation towers.  
 
Besides the values attached to recreational opportunities, management of mosquitoes and landscape 
amenities, a different land use configuration will also impact the fauna and flora. Located within a 
mosaic of habitats, the Marais des Baux is uniquely rich in its biodiversity. It provides a habitat for a 
total 208 different bird species of which 27 of them are protected by international treaties (such as the 
Roller, the purple Heron and Bonelli’s eagle). A remaining part of the original wetland is an autumn 
stop off migration point (roosting point) for 600.000 swallows.  The valley also supports a wide array 
of fauna diversity, including mammals, amphibians, reptiles and fish. In particular; 46 species of 
dragonflies, making it one of the highest density zones in Europe and a remarkable population of the 
endangered European pond terrapin (A Rocha France 2006, Lempers et al 2007, Crofton 2003).  
Nevertheless, wetlands are referred to as “biological supermarkets” and restoring 1/3rd (600 hectares) 
of the original wetland would significant increase in the number of birds such as waders (migratory 
birds that profit from shallow water such as the black wing stilt), herons, ducks and reed warblers 
(react quickly in time and figure). Restoring 2/3rd of the wetland, many rare species previously 
present in Marais des Baux may return (Tron and Perrenou, personal communication, 2007). 
Amongst these are the great bittern and the white stork. Some species, such as raptors need larger 
areas and will consequently increase in number more than proportionally when going from a 
moderate to an advanced level of wetland restoration.  
 

3.2 Identification of the cost factor 
When respondents believe that the provision of a different landscape is contingent on their stated 
values and that they will have to pay the amount they state it is in their best interest to reveal their 
true preferences (Bateman et al 2002). The hypothetical payment vehicle should therefore be 
perceived as realistic and credible. In Marais des Baux, an institutionally feasible option would be the 
establishment of a new inter-municipal association of management, which would be financed through 
an increase in municipal taxes from the five bordering municipalities (PNR 2006, Morvan, personal 
communication, 2007).  
 
Table 2 shows the final list of attributes and their levels. Refinement of all the attributes took place 
through, stakeholder interviews, focus groups and literature review (Brander et al 2003, Birol et al 2006, 
Birol et al 2005, Beaumais et al 2007, Rambonilaza et al 2006). 
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Table 1 
Attribute Levels 
Size of Wetland -Status quo the wetland area would remain as it is at present, covering 1/6th of its natural size 

i.e. 3 km2 in total 
-Moderate restoration The wetland area would be restored to 1/3rd of its natural size i.e. 6 
km2 in total. 
-Advanced restoration  The wetland area would be restored to 2/3rds of its natural size i.e. 9 
km2 in total 

Mosquito 
population 
control 
 

-No public control 
-Natural control such as strict water level management and biological control such as fish. 
-Chemical control from the Bt toxin, a natural occurring bacteria. 

Access and 
recreation 
 

-Status quo; No access and no facilities The general public have access to the dyke, from 
which fishing and hunting is allowed. There are no facilities 
-Visual access   wetland is enhanced with information signs and observation towers on a 
surrounding circuit . Hunting is not allowed. 
-Physical access There is access to the wetland, with broadway walks and bicycling facilities. 
Hunting is restricted to certain areas 

Hedges 
 

-Few 
-More allowing a view of the background mountain massif of the Alpilles 
-Most 

Biodiversity -Low There is little change in the level of biodiversity in the valley 
-Medium The population of common and rare species of ducks, birds, insects, dragon flies, 
turtles and fish will increase. 
-High The population of common and rare species of birds, insects, dragon flies,  turtles and 
fish will increase a lot.   
Several rare bird species will return to the valley (without guarantee) 

Monetary 
attribute 

Municipal taxes 
3,5,10,20,30,50 Euro increase per year per person 
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3.3 Choice setup  
Combining the six payment levels with the  combinations of policy attributes a full factorial design 
result would result in a total of 1458 (35 x 61 ) alternative management combinations. Making 
respondents consider all combinations, is obviously too cost-prohibitive and cognitively 
unacceptable. Instead, by using an array of procedures and macros (see Kuhfeld, 2004), in which 
properties of orthogonality, balancing of characteristics, and minimal overlap of the levels of each 
characteristic are considered, a fractional factorial design with 36 alternatives was developed, and 
paired into 18 choice sets. In order to reduce the cognitive burden placed on the respondents, as 
recommended by Bateman et al. (2002), the 18 choice sets were further divided two separate blocks 
of nine choice sets. The fractional factorial was designed to be able to estimate two-way interaction 
effects between attributes where these were considered possible. The fractional factorial did however 
create some cognitively unrealistic attribute combinations (e.g. high biodiversity and no wetland 
restoration). In order to hinder that respondents could not take the valuation exercise serious, 
swapping and relabelling (Hüber og Zwerina 1996) was made in the final stage.  

3.4 Questionnaire design 
To maximise the likelihood that respondents engage in completing the questionnaire it should be 
read, understood and filled in with ease and please. This was done by showing positive regard and 
trust revealed sponsorship of legitimate authority (L’INRA and CNRS) all the meanwhile keeping 
questions short, simple and realistic. In the first section, the rationale for the study was outlined and 
questions addressing the  respondents knowledge of Marais des Baux and their use of this area served 
to warm up the respondents. The second section included nine choice sets and a corresponding A3 
info sheet describing all the attributes and their levels. The third section included questions concerning 
the preferences for the different levels and each of the three characteristics. These questions served as 
a control of consistency for the preferences elicited in the choice experiment questions. Finally, the 
socio-demographic and the attitudes of the respondents for environmental issues were elicited. One 
set of questions was derived from the New Environmental Paradigm (NEP) index (Dunlap and van 
Liere in 1978, Dunlap et al., 2002). Questions targeted whether respondents considered humans to be 
severely abusing the environment, if plants and animals have as much right as humans to exist, if the 
and if the balance of nature is very delicate and easily upset. Responses were measured on a Likert-
scale ranging from strongly disagree (1) to strongly agree (5). Environmental conscious behaviour 
was elicited through a series of questions on the respondents purchase of organic produce, 
environmental publications, fair-trade and environmentally friendly products, recycling and whether 
they are a member of an environmental group inspired by Birol et al.,2006. These were likewise 
measured on a Likert-scale ranging from zero (never) to 5 (always). The responses were used to 
develop an index of psychometric attitudes about the environment. 
 

3.4.1 The use of visual material 
In the quest to for true preference revelation, the accuracy of information provided to survey 
respondents is only one facet. Arguably, unless individuals connect with and understand a piece of 
information on an emotional ‘affective’ level, then that information will lack meaning. Respondents 
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may distinguish an increase from a decrease, but if they do not comprehend the magnitude of that 
change then their response fails to tap into any underlying true preference (and lacks evaluability). In 
such cases the continuous nature of an attribute level may be reinterpreted as say a category variable 
or at worse a simple discrete good/bad change, resulting in lack of scope sensitivity (Bateman et al 
2007, McFadden 2001). Visual aids, such as a photograph, “is a simple way of depicting multiple 
landscape changes” and improves evaluability of attributes (Bateman et al 2002, Bateman et al 2007). 
We therefore used visual information though GIS maps and photos to reduce unfamiliarity with the 
attribute concerned and dependency upon heuristics. Figure 1 depicts a choice set and figure 2 shows 
how the impact of more hedges was illustrated in the info-sheet.  
 

11 CURRENT STATE  ALTERNATIVE A  ALTERNATIVE B 
Size of wetland No restoration 

 

 No restoration  Moderate restoration 

Control of 
mystiques 

No control 

 

 No control 

 

 Biological control 

  
Access and 
recreation 

 

Little observation,  
Little protection 

       

 Observation and exploration 

 

 Observation and protection 

  
Biodiversity Low 

 

 

 Medium 

 

 Low 
 

 
          

Hedges Few 

 

 More 

 

 Few 

 
Increase in the 
municipal tax   0   15 € 5 € 

 
YOUR CHOICE 

 

  

 

 

 

 

 

Figure 2: An example of a choice set
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 Figure 3: An extract from the info-sheet 

•Tree hedges– Impact on the landscape  

A lot of trees  Some trees
Permitting a view of the 
Alpilles OPTION WITHOUT WETLAND 

 

Status quo ‐ Few trees 

OPTION WITH WETLAND 
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4. Data collection and result 

Questionnaire responses were gathered in the course of January and February 2008. This was done by 
approaching respondents on the street and in their homes. Each interview lasted between 20 and 40 
minutes. Though maximum effort was made to achieve a quota sample of respondents reflecting the 
underlying population in socio demographic characteristics, the sample contains an overweight of 
higher educated. Responses were gathered in cities within an equal 10 km radius of the Marais des 
Baux. The sample size is 90 after deleting one protest bid and was regarded as sufficient for revealing 
significant effects. The socio demographic characteristics of the respondents and their awareness 
about the Marais des Baux are illustrated in table 2. Under the course of the interview, respondents 
were invited to ask for further clarification when needed. There was a sound comprehension of 
illustrations and accompanying descriptions. On the whole, subjects studied the info-sheet with care 
and curiosity. The majority had no awareness of the previous existence of an extensive wetland in 
Marais des Baux.  Despite the fact that the average respondent have lived in the region almost 19 
years, only a fifth of the respondents had visited the area, while vast majority had visited wetlands 
located at a distance significantly further away from their residence. 
 

Table 2: Socio demographic characteristics and familiarity with the area of sampled respondents 
Attribute description  Mean obs Mean exp 
Number of years respondent has lived in the city of residence  17.3 yrs  
Number of yrs the respondent has lived in the region  of 
residence (Languedoc Roussillon) 

 18.7 yrs  

Age  42 yrs 41 yrs 
Income  12500 Euros 14000 Euros 
Higher Education   43% 10% 
Male  45% 48% 
Did you know there was a wetland at the foothills of the Alpilles Yes  43%  
Have you visited the Anciens Marais des Baux?  Yes 22%  

Have you visited a wetland elsewhere, e.g. the Camargue ? Yes 93%  

 
Source: La France en faits et chiffres: http://www.insee.fr/fr/ffc/detail.asp 
 
4.1 Econometric results. 
The random parameter logit model presented here shows the importance of the choice set attributes, 
SDE and attitudinal questions, in explaining respondents choices across the three different options 
“Status Quo – do nothing”, and “do something – alternative A and B”.  It was estimated using 
biogeme v15 software (Bierlabe M). In the RPL models, an assumption need to be made concerning 
the distribution of each of the random parameters, i.e. the density function ( )θβf  (Train, 2003). The 

normal distribution sets no constraints on the signs of the parameters, while the lognormal 
distribution is useful when a coefficient is known have the same sign for all respondents. In this 
paper, parameters are specified as normally distributed random parameters to allow for both negative 
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and positive preferences for the different attributes. Focus group interviews and a pilot test indicated 
that this could be expected.  
 
Initially, all the attributes apart from cost were included as random variables, and models with the 
normal distribution were selected for representation. Estimates which consistently showed an 
insignificant standard deviation over the range of draws were then re-estimated as having fixed 
coefficients.  It can be verified from table 4 that the random parameters identified are chemical 
mosquito control and moderate biodiversity. The estimates for these random parameters, are well 
dispersed indicating that there is a diversity of opinion, ranging from deep concern to indifference, 
and this leads to imprecise estimates of the population preferences in the MNL model. More hedges, 
natural mosquito control, passive and active recreation remains non-random parameters indicating 
that respondents show general consensus regarding these attributes. We attempted to determine the 
possible sources of heterogeneity around the means of the random parameters, by interacting them 
with other socio-demographic variations. None of these were significant, suggesting that 
heterogeneity arises from attitudes or factors that we cannot observe in the questionnaire.   
 
Thus, even if unobserved heterogeneity can be accounted for in the RPL model, the model fails to 
explain the sources of heterogeneity (Boxall and Adamowicz, 2002). Detecting sources of observed 
preference is done by including interactions of respondent-specific social, economic and attitudinal 
characteristics with choice specific attributes.  In this survey, characteristics were included by 
crossing them with the price variable. This enables the RPL model to pick up preference variation in 
terms of both unconditional taste heterogeneity (random heterogeneity) and individual characteristics 
(conditional heterogeneity), and hence improve model fit (e.g., Revelt and Train, 1998; Birol et al., 
2006). After extensive testing of various interactions with the respondents' social, economic and 
attitudinal characteristics collected in the survey, the significant effect is that of having a child, green 
behaviour and attitudes, and caring for the Marais des Baux8.  
 
 
 
 
Table  3: Attitudinal variables 
Variabel Levels  Description 

Children 1   (25 %) 
0   

1 if the respondent has a child that is less than 16 years old. 

 
MdBcare 

1   (53 %) 
0  

1 for respondents who simultaneously agreed that “yes, he would like to visit Marais des Baux 
in the future”, that “yes, he consider wetlands part of the natural patrimony” and yes “she  
consider it important that it is maintained for future generations”.  

Green 1   (39%) 
0   

1 if respondents score high on environmentally conscious behaviour (recycle, donate, buy 
organic etc) or score relatively high on their behaviour while being very preoccupied by the 
state of the environment.  

 

                                                 
8 It is verified from the covariance-correlation matrix, that none of these variables are significantly correlated. 
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4.1.1 The importance of mosquito control 
From focus group experiences, a positive interaction effect between wetland restoration and mosquito 
control was hypothesised as possible. Interestingly, results demonstrate that subject only derive utility 
from an advanced level of wetland restoration if this takes place with a simultaneous control of 
mosquitoes. The results of the model is reported in table 4. The overall fit, as measured by 
McFadden's ρ2 is good by conventional standards used to describe probabilistic discrete choice 
models (Ben-Akiva and Lehrman, 1985) and most coefficients are significant at less than 10% level. 
Overall, all of the policy attributes are significant factors in the choice of a land use management 
scenario, and higher levels of any single attribute increases ceteris paribus the probability that a 
management scenario is selected. Respondents prefer those land use management scenarios with 
more hedges, a larger wetland, passive and non-passive recreational opportunities, natural mosquito 
control and lastly, more biodiversity. The parameter estimate of price is found to be negative and 
significant, which is in good correspondence with the expectation of that an increasing tax is 
associated with a negative utility. The alternative specific constant (ASC) which captures the average 
effect on utility from any variables not included in the model is non-significant, and therefore refuses 
the existence of “status quo bias” frequently observed in similar studies (Adamowich et al 1998). 
 

 Table 4  
Attribute Value  SE p-val   
Random parameters     
Moderate Biodiversity 0,37 0,22 0,09 *** 
Moderate Biodiversity-SD 1,45 0,62 0,02 ** 
Mosquito cntr chemical -0,735 0,28 0,01 ** 
Mosquito cntr natural-SD 1,96 0,52 0 * 
Non-random parameters        
ASC (Status Quo) 0,106 0,49 0,83   
High biodiversity 0,294 0,27 0,27   

More hedges 0,945 0,31 0 * 
Most hedges 0,348 0,26 0,17  

Mosquito cntr Natural 0,636 0,31 0,04 ** 
Passive recreation 0,707 0,24 0 * 
Active recreation 0,774 0,23 0 * 
Moderate wetland sz 0,656 0,31 0,03 * 
Advanced wetland sz -0,237 0,31 0,45  
Advwetland*Natural Mos 0,977 0,47 0,04 ** 
COST -0,064 0,014 0 * 
COST*Child 0,031 0,011 0 * 
COST*Green 0,024 0,010 0,01 ** 
COST*MdBcare 0,029 0,010 0 * 

Number of estimated parameters: 18 
Number of observations: 810 

Init log-likelihood: -889,876 
Final log-likelihood: -710,746 
Likelihood ratio test: 358,26 
Adjusted rho-square: 0,181 

Significant differences (*) at 1% significance level (**) at 
5% significance level, and (***) at 10% significance level 

 15



 

4.2  Calculation of Willingness-To-Pay 
The CE method is consistent with utility maximisation and demand theory (Bateman et al., 2002). When 
the respondent chooses an alternative over other alternatives, the individual is undertaking a trade-off 
between different attribute levels, whereby his preferences are implicitly reflected. The indirect utility 
function V(xntj(βn+nn)) of the main model of a given alternative, is given by: 
 
 

 V njtcmnjtmnjtnjtKnjtKnjtnjtinit CSSSXXX ββββββββ +++++++++= ....... 22112110  (8) 

                                                

 
 
Where β0i is the alternative specific constant (ASC) which accounts for variations in choices that are 
not explained by the attributes or socio-economic variables. The number of wetland management 
scenario attributes considered is n and the number of social and economic characteristics of the 
respondent employed to explain the choice of the wetland management scenario is k. βc is the 
coefficient for the cost of the alternative. The vectors of coefficients β1 to βk and β1 to βm are attached 
to the vector of attributes (X) and to a vector of interaction terms (S) that influence utility, 
respectively. Since socio-economic variables are constant across choice occasions for any given 
respondent, they can only enter as interaction terms with the landscape management scenarios (Hole 
2007, Birol et al., 2005).   
 
Subsequently, statistical analysis allows the estimation of the willingness to respondents to trade the 
level of one attribute for changes in the level of some other attribute. Respondents will accept trade-
offs among attributes as long as the overall level of personal satisfaction (utility) remains unchanged. 
This utility-equivalence analysis uses equation 8 to estimate the change in one (or more) attribute(s) 
that is necessary, on average to exactly offset the utility effect of a change in some other attribute(s) 
of an alternative (Bauer et al., 2004). Setting the total derivate of dVnjt = βkdXk + βndSn + βcdC  equal 
to zero and solving for dC/dXk yields the WTP for an improvement in Xk.  
 

 dC/dXk = WTPk = -(βk/βC) 
 
The logit model is estimated using maximum likelihood, which implies that the coefficients in the 
model are asymptotically normally distributed variables when the model is estimated using a large 
sample of at least 800 observations (Hole 2007).  
 
The same approach can be employed in random parameter logit, with a fixed price parameter, simply 
using the ratio between the point estimate of a random parameter and the estimate of the price 
parameter. When the price parameter is held fixed, (i.e. the denominator is a non-zero constant), the 
distribution of the random parameter in the numerator determines the distribution of the ratio9 (Revelt 

 
9 This approach however, does not incorporate the sampling variance. To do that the Krinsky-Robb procedure can be 
adopted (Krinsky and Robb, 1986). This procedure uses random draws from the estiamted asymptotic normal 
distribution of parameter estimates to calculate numerous WTP estimates. 
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and Train 1998, Brey et al 2007) The standard deviation of the normally distributed  WTP is 
calculated as the parameter estimate for the standard deviation of the attribute divided by the 
estimated price parameter.  
 
Given the presence of SDE-price interactions in the model, the employed price parameter is adjusted 
to take account of the attitudes of the sample composition in the following way: 
 
β adj cost = β cost+ β cost × MdBcare × MdBcare + β cost × Green × Green + β cost × child × Child 
 
Within this equation, the mean sample values described in table 4 are inserted. Finally, the 
compensating surplus welfare measure can be calculated using the following formula: 
 
 

Eq 6    CS = - 1/ βC (Vo – V1 )  
 
where βM is the marginal utility of income (assumed to be equal to the coefficient of the cost 
attribute); V0 represents10 the utility of the status quo and V1 represents the utility of the future 
scenario. 
 

5 Discussion of results 
In table 5 the marginal WTP are reported as point estimates for each attribute corresponding to the 
average of the maximum amount in 2008 Euros that the surveyed population would be prepared to 
pay annually and indefintately for a one unit improvement in the attribute level. Respondents who are 
neither green, cares little about their existence in Marais des Baux or do not have at least one child 
below 17, are WTP less for all the attributes in question, compared to the respondents who do not 
have these characteristics. The latter observation could indicate the presence of bequest values – the 
wish to transmit a “green inheritance” to their offspring almost doubling the WTP compared to those 
without any of the three SDE and attitudinal characteristics.  
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Table 5 : Implicit prices 

Attribute 

WTP 
average 
adjusted 

WTP 
No 

attitude 
WTP 
Child 

WTP 
Green 

WTP 
MdB 
Care  

Random parameters        
Moderate Biodiversity 11,77 5,8 11,3 9,2 10,6
Moderate Biodiversity_SD 46,13 -22,7 -44,5 -36,0 -41,7
Mosquito cntr chemical -23,38 -11,5 -22,5 -18,2 -21,1
Mosquito cntr chemical_SD 62,36 -30,6 -60,1 -48,6 -56,3

Non Random parameters     
ASC (Status Quo) 3,37 1,7 3,3 2,6 3,0
High biodiversity 9,35 4,6 9,0 7,3 8,4
More hedges 30,07 14,8 29,0 23,4 27,2
Most hedges 11,07 5,4 10,7 8,6 10,0
Mosquito cntr Natural 20,23 9,9 19,5 15,8 18,3
Passive recreation 22,49 11,0 21,7 17,5 20,3
Active recreation 24,63 12,1 23,7 19,2 22,2
Moderate wetland size 20,87 10,3 20,1 16,3 18,9
Advanced wetland sz -7,54 -3,7 -7,3 -5,9 -6,8
Wetland*Natural Mos 31,08 15,3 30,0 24,2 28,1

 
 
 
When the payment attribute is used as the normalising variable, the most important land use 
management attribute is advanced wetland restoration with natural mosquito control and more hedges 
allowing a view of the massif of the Alpilles. This is followed by recreation, moderate wetland 
restoration and a medium increase in biodiversity. Mosquito control by the Bti toxin is however 
welfare decreasing. It is not possible to establish any clearly defined preferences for dense hedges or 
the highest level of biodiversity. This is contrary to expectations, but the explanation hereof may be 
many folded. In shaping their preferences, subjects may have employed a satisfying approach “more 
is better”, instead of a maximising one, placing too little on background information that is more 
difficult to retrieve (McFadden 2001). This may have come about, since the icons illustrating the 
level of biodiversity, did not differ much between the medium and highest level, resulting in a lack of 
scope sensitivity. A post focus group also suggested that the absence of preference consensus, may 
also arise from a sort of risk aversion, given that respondents were informed that the return of several 
rare bird species was not guaranteed. These effects may be coupled with few degrees of freedom 
associated with a rather small sample size. 
 
While a moderate increase in biodiversity appeal somewhat to average tastes, there is a sizeable share 
of the population whose tastes are such that more biodiversity is highly attractive worth up to 50 Euro 
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per year. Results suggest that some 70% of the sample have a positive WTP for an increase in 
biodiversity, and for the mean respondent this is valued at 12 Euros year, lower than that of more 
recreational facilities. Passive recreation with observational facilities, that does now allow direct 
access to the zone is on the margin worth around 22,5 euros per year per respondent, slightly less than 
the option allowing for direct access.  
 
At first sight, the results support many CE and CVM studies, that use values (recreation) are often 
larger than non-use (biodiversity) values (Bauer et al 2004, Brouwer et al 2002). This is however, not 
the case if the landscape is considered to fall under the non-use value character. The WTP for more 
tree hedges that still allows for a view of the Massif of the Alpilles is valued at 30 Euros per year per 
person, assuming homogeneous preferences. As such the locals are not particularly attached to the 
traditional open landscape, whether dominated by water bodies, reed beds or agriculture.  When the 
massif of the Alpilles are no longer visible, hedges are no longer an attractive option. This could 
imply that the scenic pleasure derived from the hedges in conjunction with the background of the 
massif of the Alpilles, is more important to respondents than any ecosystem service that respondents 
may associate with the trees (a windblock against the mistral, water balance, shelter for birds etc).  
 
Respondents value a moderate restoration of the wetland in the same order of magnitude as 
recreational opportunities.  In contrast, advanced wetland restoration is not interesting, in the absence 
of natural mosquito control! Two way interactions between natural moquito control allows us to 
estimate the joint effect of the two attributes on the choice of any alternative. Simultaneously 
employing natural mosquito control and significantly expanding the wetland size increases utility 
more than proportional to each of the attributes effect on utility alone! Thus, the high welfare 
estimates from tree hedges and wetland size does indicate that non-use landscape values can be of 
same magnitude (or greater) than use values.  
 
Independent of wetland restoration, respondents also show a clear interest for natural mosquito 
control. Observing that the control of mosquitoes by the Bti toxin, is welfare decreasing for 65% of 
the sample and assuming that natural and chemical control have the same efficiency, our results have 
clear policy implications. They demonstrate an overall welfare deteriorating effect from chemical 
control, with a non negligible part of the citizens still deriving a positive value for this. Given the 
estimated price coefficient, the model implies that the WTP for Bti treatment on the margin, is 
normally distributed in the population with a mean of negative 23 euros and standard deviation of 60 
euros. Indeed, controlling mosquitoes through water level variations and natural predators, is “the 
safe road” if local authorities or landowners do not want to cause opposition.  
 

5.1  Welfare estimates for future alternative management scenarios 
It can be concluded that, there exists a positive willingness to pay for landscape and land use changes in 
Marais des Baux. But the implicit prices do not provide estimates for the alternative management 
scenarios. In order to estimate the compensating surplus for improvement in landscape management over 
the status quo, we constructed four possible future management options. The implicit prices of various 
management options and its activities are identified accordingly, taking the example of the best 
management strategy.      
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WTPmost preferred landscape=  WTP Status quo wetland,  no mosquito control   advanced wetland restoration with natural mosq control  + WTP no 

mosquito control  natural mosquito cntr + WTP little recreation  non passive recreation  +  WTPlow biodiversity  

moderate biodiversity + WTPfew hedges  more hedges 

 
Table  6 :   Consumer Surplus for various management options with different emphasis Euros per person

 per year
Current scenario – status quo: The wetland remains at its low level, that is 1/6th of its original 

size. Biodiversity remains at a low level relative to its potential, there are few tree hedges, 
few recreational opportunities for the general public, and no control of mosquito 
populations. 

0 € 

Medium impact management scenario -Landscape –  The wetland is restored to 2/3rds of its 
original size with natural mosquito control, biodiversity is managed at its intermediate 
level, there is an intermediate amount of hedges allowing a view of the alpilles. 

92 € 

Medium impact management scenario - Recreation – The wetland is restored to 1/3rd of its 
original size with natural mosquito control, no new hedges are planted, recreation is 
intensive and biodiversity remains low relative to its potential. 

73 € 

High impact management scenario -Landscape, recreation and biodiversity – The wetland is 
restored to 2/3rd  of its original size with natural mosquito control, biodiversity is managed 
at its intermediate level, the area accomodates intensive recreation. 

117 € 

 
 
 

5.2  Discussion of welfare estimates  
 
Table 9 trace out future likely management scenarios for the Marais des Baux. The medium impact 
management scenario with emphasis on landscape qualities and minor human recreational influence, 
inevitably yields a higher level of biodiversity. We see there are significant welfare gains to be derived 
from this, yielding a consumer surplus of 92 Euros per year compared to the status quo. This confirms that 
non-use values attached to the landscape and biodiversity are highly valued to the local society. 
Recreational opportunities such as hunting and kayakking, but with less distinct landscape amenities and 
low biodiversity, also yields significant welfare gains, of 73 Euro’s and consequently not to the extent of 
that provided by the landscape managed focus. According to the implicit price estimates however, the 
greatest welfare to society is derived from an emphasis on distinct landscape qualities, coupled with 
facilities for passive recreation, which is associated with minimum impact of human disturbances. The 
high impact management scenario consequently yields a consumer surplus of 117 Euros to the local 
population.  
 

6. Conclusion 
 
The fear of mosquitoes associated with wetland restoration is a reality, but not strong enough to discard 
any interest in land use changes away from the status quo, as claimed by certain local politicians.  
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Landscapes are complex ecological systems requiring an integrated natural and social science approach to 
measure the economic value of their services. Naturally, if all benefits that comes from one landscape 
setting (say wetland) could be enjoyed simultaneously without any externalities, the difficulties of 
realising ecosystem service values would be lessened. In Marais des Baux however, multiple stakeholder 
groups imply that there are inherent trade-offs and conflicts between land uses. All economic resources 
redistributed to alter the future landscape scenarios comes with a cost. Since benefits are harder to 
estimate, they are regrettably often overlooked. In this study however we demonstrate that there are 
significant benefits to be yielded from land use and activity changes in Marais des Baux and by 
identifying optimal management strategies, the CE may also serve as a tool in conflict resolution over 
different uses. Indeed, the welfare maximising scenario is one of much larger open water bodies in 
conjunction with more tree hedges, and biological control of mosquitoes. Furthermore, it needs to 
managed so as to foster more biodiversity and recreational opportunities either in form of surrounding 
circuits, observation towers and information boards or direct access, allowing for hunting.  
 
We have provided an insight into how the perceptions and the WTP of landscape characteristics, depends 
on attitudes, norms and socio-demographics. In particular we notice that the respondent who is 
preoccupied with the environment or has a particular attachment to Marais des Baux, is WTP more for all 
the attributes in question. Parenthood, also increases the potential welfare benefits yielded from any land 
use change in Marais des Baux. To detect for unobserved preference heterogeneity, the random parameter 
logit is employed. This way, we obtain an understanding for the spread of preferences across individual 
respondents for chemical mosquito control and biodiversity. There are clear policy implications from this. 
While one group of consumers would benefit from the use of the chemical mosquito control (the Bti 
toxin), as recently invoked on the neighbouring wetland of the Camargue, the majority of the respondents 
would be worse of if was employed in the Marais des Baux.  As for biodiversity, a sizeable group (30%) 
reveal a disregard for more biodiversity. This fact raises some fundamental questions regarding the use of 
stated preference methods. What do people actually understand by “more birds, fish, insects etc”? And 
how does this understanding vary between respondents ? If biodiversity protection is a policy priority, our 
results suggest that there is a case for public awareness raising campaigns. For both biodiversity and 
chemical mosquito control, the mean WTP estimate alone would be misleading.  
 
Finally, these results are of use to - landowners, in defining their market or non-market opportunities –
local politicians, in defining what is the true interest of the local citizens - The planner, in identifying 
awareness rising priorities and – public bodies interested in wetland restoration, in defining wetland 
restoration compensations payment on the basis of a set of welfare enhancing criteria in addition to their 
already pre-specified set of environmental criteria. Clearly, as the choice experiment assesses the trade-
offs between various attributes of a particular land use setting and facilitates the disaggregating of values 
between different components, it is ideally suited for defining policy priorities in an educational 
perspective and a landscape setting.  
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