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Abstract

With a focus on expected climate change (CC) riskis paper analyzes the effects of
inherent uncertainty on the willingness-to-pay dopreservation policy. To do this, it relates
outcome uncertainty to the probability of occureraf an expected CC impact within a
given time horizon. Thus, unlike the existing sagjithis paper links outcome uncertainty to
the uncontrollable component of environmental utaiety derived from the stochastic
nature of ecosystems’ behavior. Results show tippat for the preservation policy is
stronger in the presence of inherent uncertairtig indicating risk aversion. In contrast,
findings are not conclusive with respect to indats’ sensitivity to the probability of impact
occurrence. These results are policy relevant siheg can serve to stimulate rather than
discourage environmental action when it comes totexds characterized by many

uncertainties.
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1. Introduction

Risk and uncertainty are becoming central in emwitental cost-benefit analysis (ECBA). In
this sense, it has been recognized that ECBA oligppblicies cannot be undertaken under
the assumption that the expected policy outconesextain. In a risky world, the analyst has
an incomplete understanding of the complex envimmsal, social, institutional and
economic processes that interact jointly to prodpoéicy results (Glenk and Colombo,
2011). So, assuming outcome certainty rather thacenainty could lead to wrong
conclusions about theue policy benefits, and hence thee policy’s social return if events
are not as expected, this leading to poorly infpohicy makers. Consequently, it could lead
to consider as optimal environmental policies béasg effective in terms of results, intensity

or implementation timing (Pindyck, 2007).

Outcome uncertainty has been argued to depend oy faators such as policy’s technical
performance, social, political and economic corgexand environmental uncertainty
(Wielgus et al., 2009; Bartczak and Meyerhoff, 20L8ndhede et al., 2015; Rolfe and
Windle, 2015). In this sense, it has been const#drat improving training and education as
well as increasing scientific knowledge about estays’ functioning can lead to reduce
outcome uncertainty (Langsdale, 2008). Implicitllgis means that many of the factors
influencing outcome uncertainty can be controllaldesome extent. However, outcome
uncertainty also depends on an uncontrollable fastuch is derived from the stochastic
nature of ecosystems’ behavior: inherent uncestainherent uncertainty is the component
of environmental uncertainty which derives from thrdinary variability of natural systems
resulting from interactions among physical, chemieeological and human factors (Thom et
al. 2004; Ascough Il et al., 2008). As it is assted with the non-linear, chaotic behavior
patterns of ecosystems, increasingly recognizedeoinherently unpredictable (Berkes,

2007), the presence of inherent uncertainty makefficult to predict the occurrence of
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many environmental phenomena. Accordingly, thistgp uncertainty cannot be controlled

by any action and hence it is difficult to be reeldic

This paper analyzes the effects on the willingriegsay (WTP) for environmental policies
of delivering information about inherent uncertginfo our knowledge, no paper has focused
on the difficulty to know with certainty the policyesult due to the influence of the
uncontrollable component of environmental uncetyailndeed, environmental uncertainty
has been treated as scientific uncertainty, thathes level of knowledge about the natural
systems in terms of gaps in the model’s structuiia the data required to support the model.
Thus, it has been assumed to be reducible thraurtjmef scientific research (Cameron, 2005;
Viscusi and Zeckhauser, 2006; Akter and Bennett]2P0 The assumption scientific
uncertainty can be reduced through increasing kedgé about models’ structure or data has
been at the core of the existing papers focusingutoome uncertainty. In fact, these works
try to gain some understanding about the WTP taigeduncertainty in order to give
information to policy makers about the desirabibifymeasures aimed at reducing scientific
uncertainty. Glenk and Colombo (2011) state thghificant WTP to reduce uncertainty can
be a signal for policy-makers to invest more irtestific research which has the potential to
reduce delivery uncertainty’. Likewise, Koundouti &. (2014) conclude that ‘scientific
research that reduces environmental uncertaintyldhloe encouraged and promoted’. In
contrast, when it comes to inherent uncertaintyamount of research will generate absolute
predictions about the probability of occurrence miany environmental phenomena
(Langsdale, 2008). While increasing scientific kihexnlge in terms of ecosystems’ responses
to critical loads and carrying capacities couldtdbate to shed some light on this, knowing
how close a natural system is to a critical thrésiestill highly difficult to predict in many

contexts. As the probability of occurrence of aegivenvironmental phenomenon is unknown



to the analyst, outcome uncertainty could still eyeeeven if it is assumed that the remaining

(controllable) factors influencing outcome uncartgidon’t affect the policy result.

The difficulties to control (and reduce) inheremicartainty by means of further scientific
research helps to explain the low attention vatuatesearchers have paid to the issue. This
is reasonable in a context in which policy makesgally consider scientific certainty as a
prerequisite for environmental decision-making @#ll, 2002; Sethi et al., 2005). In this
setting, researchers put emphasis on the importariceeducing uncertainty through
increasing scientific knowledge in an attempt tongtate environmental action. However,
even if inherent uncertainty is difficult to be ¢alled and hence reducible through further
research, the analysis of its effects on WTP is atdevant for environmental decision-
making. Informing individuals that outcome uncertgican emerge due to the difficulty of
knowing if an environmental phenomenon will occumot could also affect their WTP for
measures pursuing to counteract the expected denveacts. Would individuals be willing
to pay for these measures in a framework in whindsé impacts might not occur? Gaining
understanding of voting public in this context abbiave interesting implications for policy-
making. Viscusi and Zeckhauser (2006) state thatettings characterized by many inherent
uncertainties, “those who wish to “go slow” pointthe level of scientific uncertainty; they
propose that we wait to learn more, and possitdyni¢hat the risk was greatly overstated”.
Preference analysis in the presence of inhererdgrtainty could offer an insight into this. It
could contribute to stimulate rather than discoaragvironmental action aimed at addressing

(inherently) uncertain expected impacts.

This paper examines, through a choice experimeR),(@e effects on WTP of delivering
information about inherent uncertainty over thewspence of a climate change (CC) impact
on wetland’s biodiversity. Difficulties to predictlimate system’s alterations due to

unforeseen variations and trends both in the d&siwérchange and the associated system’s
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responses indicate CC is beset with lots of uniceita (Heal and Millner, 2014). The
structure of the paper is as follows. Next sect®mnews the stated preference (SP) literature
concerned with the analysis of risk preferenceshtmw that examining the effects on WTP of
inherent uncertainty has been an overlooked issdate. Section 3 describes the data source
and the methodology employed for the analysis. Reswe reported in section 4, followed

by a discussion and conclusions section that drelpdper.

2. Analysis of risk preferences in the stated prefence literature: a review

The growing concern among researchers about howatalle risk and uncertainty in
economic valuation has resulted in an extensivdit8Rture on risk preference analysis.
Three broad approaches can be distinguished. Tsiedne is followed by papers which
estimate the WTP for policies aimed at reducingthear environmental risks to examine
individuals’ preferences for changes in risk expes€oncerning risk factors to health, most
of papers focus on valuation of mortality risksuodd by air pollution problems, which has
been mainly undertaken through a contingent valnatCV). Examples are Krupnick et al.
(1999), Alberini et al. (2006), Hammitt and ZhoWw(@B), Wang and Mullahy (2006) and
Alberini and Chiabai (2007). In contrast, Fu et(dR99) and Bateman et al. (2005) value,
also through a CV, the risk of cancer. Valuatiorhe&lth risks has also been undertaken in
papers which measure, through a CE, the WTP facipsl aimed at reducing a specific
environmental risk: the risk of flooding. These gepvalue, together with flood risks, the
health risks induced by flooding episodes. Thighis case of Zhai (2006), Reynaud and
Nguyen (2013) and Veronesi et al. (2014). In faatyation of flooding risks through a CE
has been another topic of interest within this apph. It has been central in Birol et al.

(2009), Dekker and Brouwer (2010) and Brouwer ahda®sma (2013). Other risks that have



also captured the attention of researchers ares ttedated to endangered species (Mitani et
al.,, 2008; Lew et al., 2010; Bartczak and Meyerh@®13) and algae bloom episodes
(Roberts et al., 2008), which have been valuedutiioa CE, and wildfires (Fried et al.,
1999), valued through a CV. All these papers carsiddividuals can exert some control
over risks through specific measures. Particulaesare Cameron (2005) and Viscusi and
Zeckhauser (2006) which, with a focus on the inflees of subjective perceptions about
future CC risks, assume that the policy can totalijminate these risks. Their main findings

show a positive WTP for risk reduction, this indiong risk aversion.

The second approach is followed by studies meaguhae WTP for policies with uncertain
environmental outcomes in an attempt to analyzetfeets on policy’s benefits of delivering
information about outcome uncertainty. These pagp&t® that outcome uncertainty depends
on different factors such as management changegl,spolitical and economic contexts,
and environmental uncertainty. The first works witthis approach apply a CV and hence
deliver information about outcome uncertainty tlgiouthe scenario description. Examples
are Johansson (1989), which is the first study eored with the estimation of money
measures in an uncertain environmental setting, Madmillan et al. (1996). Both papers
focus on the analysis of individuals’ attitudes &ods risk. They present outcome uncertainty

through two possible policy results each associaidta given probability.

However, delivering information about outcome uteety through an attribute representing
policy effectiveness has become common practicengmesearchers due to the increasing
use of CEs. In this sense, most of studies puldlishethe last years focus on estimating
preferences for policy effectiveness. The majoassume the evaluation of the stated
uncertainty measures is not affected by subjegieeptions. Examples are lvanova et al.
(2010), Glenk and Colombo (2011), Wibbenmeyer e(24113) and Koundouri et al. (2014).

In this context, some authors put emphasis on amagjythe effect on WTP of different ways
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of delivering information about uncertainty aroupdlicy effectiveness (Wielgus, 2009),
while others focus on analyzing the impact of al¢ive ways to model choice behavior
(Rigby et al., 2010; Glenk and Colombo, 2013; Ralfel Windle, 2015)In recent years the
analysis of the effects on WTP of subjective petioegs about policy effectiveness’s
uncertainty has also captured the attention ofarebers applying CEs. Examples are Akter

et al. (2012), Cerroni et al. (2013) and Lundheids.g2015).

The papers following this second approach put esiptan the fact that outcome uncertainty
can be reduced through improving training and etilmcaas well as increasing scientific
knowledge. Indeed, they consider that many of #wtofs influencing outcome uncertainty
can be controllable to some extent. This is espigdrae in the papers applying a CE which
explicitly value a policy effectiveness attribut€he interest in knowing preferences for
policy effectiveness is motivated by the assumpti@t some control can be exerted over the
final policy results. Their main findings are catent with predictions of the economic

theory which state that individuals are risk-averse

The third approach is followed by papers focusingpeeference uncertainty, which refers to
how confident individuals have felt while statirtpir preferences and is normally assessed
through a follow up question to the valuation eixarc(Akter et al., 2008; Martinez and
Lyssenko, 2012). Preference uncertainty tends tbigie either when the utility difference
between the chosen option and the best altern@tiitas small (Balcombe and Fraser, 2011,
Olsen et al., 2011) or when an offered referendudrisbnot clearly different from the mean
value of one’s valuation distribution (Wang et dl997). The effect of stated preference
uncertainty on WTP has received considerable adterity CV practitioners and, most
recently, also by researchers applying CEs. Mixesllts have emerged concerning this
effect. Some studies find that WTP tends to in@eafien respondents’ uncertainty is

accounted for (Ready et al., 1995; Alberini et 2003), while others show the opposite (Li
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and Mattson, 1995). In addition, some evidence @&sists that WTP may increase or
decrease with preference uncertainty depending hen a@pproach employed to classify
respondents as certain or uncertain basing on sketied degree of uncertainty (Loomis and

Ekstrand, 1998; Shaikh et al., 2007; Lundhede.eP@09; Ready et al., 2010).

This literature review shows that inherent uncetiahas been an overlooked issue in the SP
literature to date. In specific, the analysis af #ffects on WTP of delivering information
about this type of uncertainty has not captured dtiention of researchers dealing with
outcome uncertainty. This paper will show that auf on the uncontrollable factor of

outcome uncertainty is also of great relevanceefironmental policy-making.

3. Data source and methodology

3.1 Data source

The data used to test for the effects on WTP oiveehg information about inherent
uncertainty come from Faccioli et al. (2015), whaodertook a CE study in S’Albufera
wetland between April the $5and June the 89 2013. The humid land, which is located in
Mallorca, is outstandingly vulnerable to CC risk$ated to both the increase in temperature
and the decrease in precipitation rates expectetthéoMediterranean region. The CE focuses
on the analysis of visitors’ preferences for ad@mba policies aimed at counteracting
expected CC impacts on bird species. On the oné, iacenters on the effects of the above-
mentioned CC risks on ‘specialist’ bird speciesjohmostly rely on S’Albufera habitat.
Indeed, CC might lead to declines in freshwateurnms which might intensify salinization
problems currently suffered by the wetland. Thisildolead to a loss in the number of
‘specialist’ bird species, this generating a qaéile loss in the site’s biological diversity. On
the other hand, it also considers the CC effectgyeneralist’ migratory bird species, which

suit a wider habitat range and move to this hurmdi|for resting and breeding. In specific, it



is assumed that the projected rises in temperatutteeir origin places might stimulate their
advanced departure, such that they might arrivieeedn S’Albufera. In this case, if nesting

and breeding conditions were not optimal, eithelytbould pass by without stopping or they
could die if they stopped this leading to a losgheir number. As a result, the number of

both ‘specialist’ bird species and ‘generalist’ maiipry ones might decline.

In this context, Faccioli et al. (2015) estimate #ocial benefits of two different adaptation
policies. First, an adaptation policy aimed at presg species’ diversity and, hence, the
original wetland heterogeneity, by avoiding a quative loss of ‘specialist’ bird species.
This measure pursues to counteract a potentigaserin water salinization by strengthening
efforts on current water management practices. rt&gcan adaptation strategy oriented to
recovering species’ abundance, regardless of thaesp type, by avoiding a quantitative loss
of bird species. This strategy aims to advance workreating optimal nesting conditions for
‘generalist’ migratory bird species. Managementrf are assumed to be either moderate or

high for both adaptation policies.

Table | reports the attributes employed in the Cl§dnerate the experimental design, which

is a D-efficient Bayesiah:

[INSERT TABLE ]

3.2 Linking outcome uncertainty to inherent uncertanty

The present analysis wants to identify the effect\dTP of inherent uncertainty. So it relates
the impossibility of knowing with certainty the @/ result to the difficulty of knowing if an
environmental phenomenon will occur or not. In othrds, the analysis links outcome

uncertainty only to inherent uncertainty. To dosthit assumes that the remaining

! See Faccioli et al. (2015) for a detailed desimipof the case study and the experimental design.



(controllable) factors influencing outcome uncertgidon’t affect the policy result derived
from each type of management effort. In specihe, analysis associates outcome uncertainty
with the probability of occurrence;pof a specific decline in freshwater volumes in
S’Albufera within a given time horizon. This dedirwould lead to an increase in water
salinization and hence a decrease in the numbwapetialist’ bird species. Thus, following
Faccioli et al. (2015), it is assumed a loss ofsfi@cies with a probability;pn a 10 years’
time if CC finally leads to a decline in freshwateslumes and no adaptation policy is
undertaken today (BAU). Consequently, it is congdehat, under a moderate management
effort, a policy outcome representing a 0 incraasihe number of species will be achieved
with a probability p. Put another way, a moderate management effortle@atl to keep the
current levels of species with a probability pikewise, a policy outcome representing an

increase by 5 is considered to be achieved undgghamanagement effort with a probability

pl.z

To give a better picture of the stochastic naturénberent uncertainty, and hence better
identify the effects on WTP of this type of uncertg, respondents are also provided with
information about what is going to happen in cdseiimpact does not occur in a 10 years’
time. In this sense, they are informed about trebaiility of impact non-occurrence,p
where p=1-py, together with the associated change in the numibspecies. In specific, it is
assumed that if CC does not finally lead to a decin freshwater volumes, which will
happen with a probability,pthe number of ‘specialist’ bird species will ndtange if no
adaptation policy is undertaken today (BAU). Acadngly, it is considered the possibility of

achieving another policy outcome with a probabilyunder each management effdrt.

2 The CC impact on the number of ‘generalist’ migratird species is considered to occur with cetyaand hence outcome uncertainty is
not assumed for the adaptation policy aimed at tewacting this impact. As S’Albufera wetland alrgasliffers water salinization
problems, respondents considered reasonable twgten efforts on current water management practicgeduce these problems in the
presence of inherent uncertainty. Indeed, theyebetl the policy oriented to preserve species’ ditsercould lead to recover some
‘specialist’ bird species in case the decline eShwater volumes didn't finally occur. So they éred as credible the policy outcomes
representing an increase in the number of thessesply both 5 and 10 in a non-occurrence scenarimntrast, focus groups showed that
they didn't believe in additional increases in thember of ‘generalist’ migratory bird species inamtext in which they didn't arrive earlier
to the humid land due to an advancement in thgiadere (non-occurrence).
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particular, increases by both 5 and 10 in the numobespecies are assumed to be achieved

under a moderate and high management effort, régplsc

Note that under both types of management effodb¢yresults always represent a number
of ‘specialist’ bird species which is either equalor higher than the present one. This is
reasonable since adaptation both ensures at telasep constant the current levels of species
if the impact occurs and leads to higher numbetbheérabsence of the impact. Table Il shows

the levels of the ‘specialist’ bird species atttdaonsidered for each scenario:

[INSERT TABLE II]

To facilitate choice, information about pnd p together with the associated attribute values
is given through text and visual information. Instisense, each alternative in each choice
card depicts the same values ferapd p. This allows linking outcome uncertainty (present
in the improving alternatives) to inherent unceraiaround the expected loss in the number
of ‘specialist’ bird species (present in the BAUesario). Besides, to make clearer the
uncontrollable nature of the probability of impaxicurrence, information about s also

included in the CE design through a framing statemes shown below. A framing statement
is useful in valuation contexts where the likelide®f outcomes cannot be influenced (Glenk

and Colombo, 2011).

The evolution of the number of ‘specialist’ birdesges in 10 years’ time is uncertain. To
make a comparison, it is like in a lottery, reswdte subject to a probability. In this sense,
experts think that if park managers’ efforts on remt management practices are not
strengthened, the decrease in the number of ‘sji&tidird species will occur with a
probability equal to p Of course, the changes in the number of ‘spestiatiird species

resulting from strengthening efforts will also becartain.
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To investigate whether the inclusion of inherentartainty has some effects on the WTP,
three scenarios are considered. On the one harsdermario of no inherent uncertainty
(No_Inherent where respondents are informed that the prolgbgdi of a loss of 10
‘specialist’ bird species in a 10 years’ time isualgto 100%. In this case, the policy leads
with certainty both to keep the current levels pédes under a moderate management effort
and to increase their number by 5 under a high ganant effort. Thus, only one policy
outcome is presented to respondents under eact. dfftormation about =100% is only
given through the framing statemén®n the other one, two inherent uncertainty scesari
where p (and hence ) takes two different values: a value of 80% (2@o%) to represent a
scenario of low inherent uncertaintyljerent_8) and a value of 60% (40% fog)o depict

a scenario of high inherent uncertaintgherent_60. According to the classic distinction
made by Knight (1921), uncertainty is applied toaions where probabilities are unknown
to the analyst. However, it is worth noting the ability values used in this analysis are
applied to the same expected impact in a randohdiasAssigning probabilities randomly
to a given outcome implicitly indicates no knowledgf the probability distribution that this
outcome will be achieved (Glenk and Colombo, 2014)this sense, whilejpcannot be
predicted with certainty, it is assumed that sdienknowledge of ecosystems’ responses to
critical loads and carrying capacities could cdnite to shed some light on it. Thus, by using
objective probabilities, it is assumed that furtresearch will lead to provide some empirical
knowledge allowing assigning probabilities and leepooviding information about how near

extinction the species might be.

Table 1l depicts the attribute levels consideremt fach scenario together with the

probabilities of both impact occurrence)(pnd non-occurrence {p

[INSERT TABLE Il1]

% This is the valuation scenario used in Facciotilef2015).
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Figure 1 depicts a sample card for a probabilitpafurrence pequal to 60%:

[INSERT FIGURE 1]

SP studies dealing with outcome uncertainty hawellys showed that individuals’ WTP

decreases with uncertainty. Indeed, outcome unogrthas been usually related to policy
effectiveness in such a way that higher uncertaimylies a lower probability of policy

success (Lundhede et al., 2015) or a higher rigkihifre (Glenk and Colombo, 2011), which
makes the policy less desirable when the scenadorbes more uncertain. However, in this
analysis, the WTP for the adaptation policy is etpe to be higher in the presence of
inherent uncertainty. This is because increasiigtiipe of uncertainty leads to a lower risk
of species’ loss and, as predicted by the EU thdovy risk increases WTP (Wielgus et al.,

2009).

Besides, the way outcome uncertainty is illustratedhe present analysis shows a policy
which, under a moderate management effort, leadsast to keep the current number of
‘specialist’ bird species with probability pvhile it increases this number with probability p

If the management effort is high, the two potentiedreases in the number of species are
even higher (+5 with jpand +10 with p). Given the policy leads to the same two policy
outcomes under each management effort in the ttmegidered scenarios (as the values;of p
and p are the only difference betwed&o Inherentinherent_80andInherent_60, it leads

to higher expected outcomes with inherent uncestdes @ diminishes while pincreases),
thus becoming more desirable under the uncert@anasmos. Wielgus et al. (2009) state that
individuals should be willing to pay more in contewith a higher probability of occurrence
of the environmental improvement as it leads taghdr expected outcome. Bartczack and
Meyerhoff (2013) also show that the WTP increaséh e probability of survival of a

given species.
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According to this, this paper tests these two hytiotheses:

1. Delivering information about inherent uncertaintyoes not affect the WTP for the
adaptation policy.

2. WTP does not increase with the probability of imgacurrence.

To test for these hypotheses, a split sample apbreas used to reduce the burden of
respondents. In particular, three versions of the dhiestionnaire were considered, only
differing in terms of the value of;pand p. Data were collected by means of on-site
interviews. Sample sizes, which ranged from 31328, were obtained by considering a

confidence interval of 95% and a sample error 6%&.
3.3 Modelling approach

Preference analysis through CEs is carried out lmm basis of the random utility
maximization (RUM) theory. In this sense, indivitlchoices are modelled by assuming
respondeni chooses the alternatiy@roviding him with the highest utility level froamong

a set of options. As shown in Equation 1, utilséydefined as the sum of two components.
First, a deterministic par¥,;(-) consisting of the alternative’s non-moneta;, ) and

monetary Kcosrn,-) attributes, as well as a set of parametgistg be estimated. Second, a

stochastic part,; capturing all the unobserved factors affectingioh@nd indicating the

analyst’s incomplete knowledge about the individiedision process:
Unj = Vnj an: XCOSTn]-uB) t &nj (1)

A common way to analyze decisions involving riskd amncertainty is to draw on the
expected utility (EU) theory (von Neumann and Maosgfern, 1944) or the subjective
expected utility (SEU) theory (Savage, 1954). Bapiproaches are linear in the probabilities

that characterize risks and assume individuals Ipagerences over outcomes only and not
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over probabilities. In recent years, alternativeatments of risk have emerged which suggest
that treatment of risks may be non-linear or thedgle may emphasize risks of extreme
events (Rolfe and Windle, 2015). Another recentreagh assumes the effect of risk on
utility can be partially or fully separable fromethutility effect of the good affected by risk
(Gneezy et al., 2006). In this context, recent istdocusing on comparing different
representations of choice under risk show thatirfiggl are mixed, this suggesting further
research is still needed to draw conclusions albith specification is better. For instance,
Rolfe and Windle (2015) don't find significant néinear effects. Besides, they find mixed
evidence for increased certainty to be valued ieddpntly from the environmental good of
interest. In contrast, Glenk and Colombo (2013Jl finat a direct utility specification shows
the greatest model fit to data (although they dd&lieve individuals don’t conduct any
probability weighting of outcomes in the choice g@ss). Thus, they cautiously advocate the
use of a non-linear EU model over models that acmrgprobability-weighted outcomes and
in combination with direct utility from risk. Intestingly, both papers find significant support

for different types of EU models.

According to this, this paper assumes respondemiseps information on risk within the

choice task according to the EU framework. Besidds,a common theoretical assumption
in the SP literature which appears well suitedht® present application. In particular, it is
considered a non-linear EU for the risky attributkose outcomes are weighted by their

objective probability of both occurrence)jand non-occurrence{p

Following Faccioli et al. (2015), parameter estiomtis carried out through a random
parameter logit (RPL) model due to its many advgedgaover the conditional logit model
(McFadden and Train, 2000; Train, 2009). RPL modehsiders individual-specific
preferences by assuming parameters are random dloiv fa distribution. Thus, the

coefficients result from the sum of a populationamgarameter and an individual-specific
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deviation over this mean. Based on Faccioli et(2015), only the cost parameter is
considered to be random with a lognormal distriinutio constrain it to have the same sign
over all individuals. While limited evidence of ketgeneity was found in the remaining
attributes, it was clear the presence of heteragemethe cost coefficient. Thus, as Torres et
al. (2011) show that making a wrong assumption tliba heterogeneity of the cost
parameter can have severe implications for theyaisabf welfare measures, only the cost

parameter is considered random, as found elsew@arésson et al., 2005).

Equation 2 shows the utility specification consetefor estimation purposes which has been

adapted from Faccioli et al. (2015):

Unj = B1l(p1 'XSPEClnj+p2 'XSPECan)] + ﬁzXGENn,- + 53XT1ME(Less)nj + 54XBENCHEs(doubLe)nj +
ﬁSXBENCHES(trL‘ple)nj + + Bo[(p1 - XZSPEClnj+p2 : XZSPECan)] + ,37XZGENnj + BaXcEn,,; -

(2)

[(01  XspEc1y;+P2 * XspEc2, )] +
+,39XT1ME(less)nj (o1 - Xspecin;T D2 'XSPEcznj)] + BionXcost,,;t €nj

for respondentn and alternativg, XSPECan. is the level of the ‘specialist’ bird species
attribute under a probability of impact occurremcpial top,, andXSPECZn]. is the attribute
level when the probability of impact non-occurrensep,; XGEN, is the level of the
‘generalist’ migratory bird species attribu!ér;,ME(less)nj is a dummy variable taking value 1

for less than 15 minutes waiting time for a seatmobservation cabin and O otherwise;

XBENCHES(double)n]- andXBENCHES(m-ple)nj are two dummy variables taking value 1 when the

number of benches throughout the park is doubletaplé with respect to the current one,
respectively, and O otherwise; aBd B, £, B4, Bs: Be, B7, Bg andBy are the fixed attribute

coefficients angB, ,,, is the individual-specific parameter fthSTnj.

16



The monetary value individuals assign to eachhaitei has been calculated by using the
Hanemann (1984)’s formula for compensating vamat®ased on Equation 3, the WTP for a
unit increase in the expected number of ‘speciabgid species attribute is shown in

Equation 4:

1
Bion

WTPxsppcn; = [.31 : (P1 : (XSPEc1nj1 - Xspsmnjo) + P2 (XSPECanl - XSPECanO) )

1 0 1 0
+Bs-(p1- (XZSPEC1nj - XzSPEClnj ) +p2- (XzspEcznj _XZSPECan )) + Bs
'XGENnjO : (P1 : (XSPEC1nj1 - XSPEClnjO) + p2- (XspEcznjl - XspEcznjO) ) + By
(4)

'XTIME(less)njo “(p1 - (XSPEC1nj1 - XSPEClnjO) + p2

’ (XSPECanl - XSPECanO) )]

where superscriptsand® respectively indicate the level of the attributeermand before the

change, respectively.
4. Results

After having eliminated the invalid and protest sfiennaire$ and taking into account each
respondent faces 6 choice sets, the RPL modekhdothree scenarios depicted in Table Ill

have been estimated. Table IV reports models’ tesul
[INSERT TABLE IV]

As shown in the Table IV foNo_inherent when the policy leads with certainty to one
outcome under each management effort (0 and +5rundederate effort and a high effort,

respectively), respondents value a policy whicluse® a higher number of both ‘specialist’

4 Surveys are considered to be invalid when missisgonses are detected in the section concerrénghitice of the alternatives. Protests
refer to questionnaires where the choice of the Bidtion is motivated by one of the following reasch don’t perceive any problem to
justify extra efforts on current practices”l consider | am already paying for these servigé&thers should pay”and“l don't trust the
local authorities”.
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bird species and ‘generalist’ migratory ones, afidr less waiting time for a seat in an
observation cabin, and doubles the number of bentimeughout the park. However, the
interaction effects indicate that the utility thggt depends on the level of ‘specialist’ and
‘generalist’ migratory bird species, and the wajttrme. In this sense, it can be observed that
the utility they get from both E(gfed (Where E(6ped=p:1- Xspectp2- Xspeca that is, the
expected increase in the number of ‘specialistd bspecies) and ggn increases at a
decreasing rate with the number of both types etigs. Additionally, they seem to perceive
‘specialist’ bird species as substitutes of ‘gehgfamigratory ones. A substitution pattern
can also be observed between &6 and Xrmegessy Which suggests that individuals value
less the ‘specialist’ bird speciahen congestion in the wetland is lowt(egessi1) as a
lower waiting time can be related to a lower numdievisitors. In other words, they value
more this type of species when congestion is higiis could be explained by the fact that,
under high congestion, they would have less chaoiceigwing all types of bird species from
an observation cabin, which could lead them torfiize viewing ‘specialist’ bird species
over other types of species. As expected, the auafficient is random, thus indicating the

marginal utility of income is heterogeneous.

When respondents make choices in the face of inhereertainty around the expected loss
of ‘specialist’ bird species, the magnitudes ofilttte coefficients vary although their sign
and significance don’t change in most of casesoAting to the Swait and Louviere (1993)
test, the differences in parameters are not exgdainy changes in scale, which suggests
individuals’ preferences could be impacted whererght uncertainty information is included
in the CE design.To test for this, differences in the mean marginalue of the risky
attribute (E(X%sped) underNo_Inherent Inherent_80and Inherent_60have been examined

through the Poe et al. (2005)’s test. Marginal galbave been calculated following Equation

® The null hypothesis of scale parameters’ equalitpss the models cannot be rejected at 1% level.
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4, which is referred to a unit increase in the exge number of ‘specialist’ bird species from
the BAU situation, and considering the BAU levals the interacting attributes é=-10
and XTW.Eaess):O).6 Table V reports the mean marginal values undeh saenario together

with the confidence intervals resulting from Po@le{2005)’s test:

[INSERT TABLE V]
As shown in Table V, the mean marginal value umdierinherenis significantly lower than
those obtained undénherent_80andInherent_60(1.31<2.43<2.75)This suggests visitors
are willing to pay more for a unit increase in th@ected number of ‘specialist’ bird species
when inherent uncertainty is present. In other wpittiey show a stronger support for a
policy aimed at preserving species’ diversity wtikay don’t know with certainty if the
expected loss of ‘specialist’ bird species will occThus, the null hypothesis that delivering
information about inherent uncertainty does no¢@fthe WTP for the adaptation policy, is
rejected. As expected, individuals find more dddedhe adaptation policy in the presence of
inherent uncertainty. This is reasonable sincetips of uncertainty implies a lower risk of
species’ loss (pdiminishes) and hence the possibility of achievangetter policy outcome
under each management effort with a probabiliyOp In specific, if the expected impact
finally occurs, undertaking the policy will allowt Beast keeping the current level of species
with a probability p under a moderate management effort, while leattirey higher number
of species if the impact does not occur. In addijtiv will lead to better environmental
improvements under a high management effort withhba and p (see Table III).
Consequently, the policy leads to higher expectgdames with uncertainty, thus becoming

more desirable to respondents.

® The Poe et al. (2005)’s test has relied on sirdlatctors of mean marginal values, obtained thrdumptstrapping, for all the scenarios
(Hole et al., 2007). Models have been replicat@®a times, this leading to three vectors consistihg,000 mean marginal values for
No_Inherentinherent_80 Inherent_60 For each pair of vectors, differences betweewedtor elements have been calculated to obtain a
new vector for which a confidence interval has beemputed. An entirely positive or negative confide interval indicates significant
differences in the mean marginal values.
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Interestingly, the Poe et al. (2005)’s test alsidates that there is no significant difference
between the marginal values under bdtiherent 80and Inherent 60(2.43 and 2.75,

respectively), this indicating the WTP does notréase with the probability of impact
occurrence. In other words, it seems individuale arsensitive to the magnitude of
uncertainty while expressing their preferences.sThpuld suggest that the second null

hypothesis should not be rejected.

To better test for the robustness of these cormtssidifferences in the marginal value of
E(Xspeqd under No_Inherent Inherent_80 and Inherent_60 have been examined by
considering also the remaining levels afeX and Xivggess) (0 and +5 for Xegnand 1 for
XTive(ess). Table VI depicts the value for a unit increase the expected number of
‘specialist’ bird species for all the levels of wag time and ‘generalist’ migratory bird
species. It also provides information about whetherdifference between the mean marginal

values is statistically significant or nbt:
[INSERT TABLE VI]

As seen, when congestion is hightiiess=0), the marginal value of Egéeg when
inherent uncertainty is present is significantlgher than that obtained in a context of certain
future losses, regardless of the number of ‘gerstratigratory bird species. Similarly, when
congestion is low (Xwvegessi1), the marginal values under inherent uncertarty to be, in
most of cases, significantly higher than thosenesied underNo_Inherent Therefore,
regardless of the levels ofe¥y and Xrivegess) Visitors generally value more the preservation
policy in the presence of inherent uncertainty.sToonfirms that the null hypothesis that
delivering information about inherent uncertaintyed not affect welfare measures, can be

rejected.

” The confidence intervals resulting from the Poal f2005)’s tests are available from the authen request.
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A different story concerns the sensitiveness of W@ hformation about the probability of
impact occurrence. Individuals seem to be insesit this information when congestion is
high regardless of the level ofc¥y as all differences in values undetherent_80and
Inherent_60are not significant. In contrast, when congesi®tow, they seem to become
more sensitive to this information as the margialues undeidnherent_60are always
significantly higher than those obtained undienerent 80 In specific, the values under
Inherent_80diminish in such a way that, on the one hand, thegome significantly lower
than those unddnherent_60Q which don’t change when passing from a highea tower
congestion scenafloOn the other one, they become, in most of cases significantly

different from those undédo_Inherentwhich diminish in a lower proportion.

According to these findings, it is difficult to dvaconclusions about the sensitivity of WTP to
the probability of impact occurrence. Indeed, thbssitution patterns between Efptd and
both Xzen and especially Xvegess) identified under each scenario seems to be strong
determinants of how individuals react to informatiabout impact probabilities. In this
specific context, it seems that probabilities opaut occurrence around 80% might represent

switching points in respondents’ behavior.
5. Discussion and conclusion

With a focus on expected CC risks, this paper amealyhe effects of inherent uncertainty on
the WTP for an adaptation policy aimed at presgrvapecies’ diversity in S’Albufera

wetland. To do this, it links outcome uncertaindytie probability of occurrence of a loss in
the number of ‘specialist’ bird species in a 10rgeme. Thus, unlike the existing studies,

this paper links outcome uncertainty to inherententainty, that is, to the uncontrollable

8 Note that the values undierherent_60don’t change with respect to the scenario whefgexssi=0 because the time attribute is not
significant under this uncertain setting (see Tah)le
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component of environmental uncertainty derived fritve@ stochastic nature of ecosystems’

behavior.

Results show individuals are willing to pay more fioe policy in the presence of inherent
uncertainty. So, the null hypothesis that delivgrinformation about inherent uncertainty
does not have any impact on the WTP, is rejectbd. sironger support for the preservation
policy under an inherently uncertain scenario iaststent with predictions of EU theory
which states that WTP increases with low risk fek4averse individuals. Indeed, results are
reasonable since the inherent uncertainty scendepgt a lower risk of species’ loss and
higher expected policy outcomes compared to a hereant uncertainty scenario. This is
because i) inherent uncertainty is illustrated digio a probability of impact occurrence p
which is lower than 100%, this implying the existenof a positive probability of impact
non-occurrencezand ii) p and p are associated with positive increases (with resjoethe

current level) in the number of ‘specialist’ bingdegies.

Findings also show that the substitution pattecusd@l between ‘specialist’ bird species and
both ‘generalist’ migratory bird species and wajtiime for a seat in an observation cabin
seem to be strong determinants of how individua¢ésict to information about impact
probabilities. In this sense, they seem to be siiga to this information when congestion in
the wetland is high. In other words, their WTP isa@enario where the degree of inherent
uncertainty is high (60%) is not significantly different from their WTiA a context in
which uncertainty is lower (g80%) regardless of the level of ‘generalist’ mtgrg bird
species. However, when congestion is low, they sd¢enbecome more sensitive to
information about the probability of impact occumce as their WTP under#60% is
significantly higher than that undeig80%. It seems that probabilities values gfapound

80% might represent switching points in responddrgkavior. However, these results don’t
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allow us to draw robust conclusions about the seitgi of WTP to different degrees of

uncertainty, so further research is recommendabigin more insights into this issue.

The analysis has been undertaken by consideringthizamework which assumes utility of
outcomes are linearly weighted by their probaleditiHowever, in the light of the results,
respondents might also have treated risk in a m@at manner, thus overweighing the
probability of impact non-occurrence (Shaw and Weadl, 2008). Thus it would be
interesting to further explore alternative treattsenf risk when inherent uncertainty is
present. In specific, further research could examuhether individuals treat risks in a non-
linear way or whether they emphasize risks of em&reevents. The analysis could then be
replicated by treating risk according to prospéeory (Kahneman and Tversky, 1979), the
rank-dependent utility theory proposed by Quiggi®82) and/or prospective reference
theory (Viscusi, 1989). After all, this paper ietfirst one analyzing the effects of inherent

uncertainty on the WTP and hence many questiothsestiained unanswered.

Additionally, it would also be of interest to studyhether and how different ways of
delivering inherent uncertainty information canlueihce choice strategies and consequently
can impact on the WTP for the policy. It has besgjuad that specific elicitation formats
might drive respondents’ attention during the choftipkus, 2007; Spiegelhalter et al.,
2011). In this paper, information aboutgnd p has been depicted through a mix of visual
and text information to facilitate understandingawéver, this way of delivering uncertainty
information could have led respondents to focusenmor the policy outcome associated with
impact non-occurrence. Also, information aboutand the associated outcomes has been
provided to respondents to emphasize the stocheatiice of inherent uncertainty. As earlier
discussed, consideration of additional policy oates associated with elp to explain the
results. Thus it would be interesting to test whettine effects of inherent uncertainty on

WTP remain the same if only s considered in the analysis.
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One of the limitations of this paper has to do vitik low sample sizes used for each split
sample. In fact, the representative sub-sample® weawn from a population of 23,172

visitors. However, given the way inherent uncetais illustrated in this analysis, a split

sample approach was considered more appropriatdtae respondents’ burden and hence
facilitate choice. Indeed, inherent uncertainty piesented to respondents through two
possible levels for the ‘specialist’ bird specidsilaute in each alterative in each choice card,
where the levels are linked tq pnd p. Besides, a mix of visual and text information is
employed. Focus groups showed that presenting ithdils different choice cards each

linked to different probability values substantyalhcreased respondents’ burden. Despite
this, it is undeniable that the use of low samptescould imply some or all the results may

be due to random factors and hence further reséaaflcourse recommendable.

Nevertheless, findings are still suggestive andicaté inherent uncertainty potentially
impacts on the benefits of a policy aimed at presgrspecies’ diversity. In this sense, it is
worth noting the policy relevance of illustratingherent uncertainty through the probability
of occurrence of a specific impact within a givend horizon. While it is true that inherent
uncertainty information could have also been depidtty considering different uncontrollable
impact magnitudes, a focus on the probability afusence makes the analysis more policy
relevant. Indeed, it allows drawing more straigitfard conclusions for policy making. Note
that the analysis revolves around a relevant ques@ould individuals be willing to pay for
measures aimed to counteract expected environmiempacts in a context in which these
impacts might not occur? Results can be viewed astefor environmental action when it
comes to contexts of many inherent uncertaintiescisi and Zeckhauser (2006) find that, if
respondents are risk-averse, they ‘predominangywhe current scientific uncertainty as a
rationale for greater support of policy intervensaather than for a wait-and-see approach’.

Thus, people seem to advocate for the adoptionpoéeautionary approach in contrast to the
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opinion of those who wish ‘to go slow’ to avoid assng the costs of action. Findings
suggest people view action today as something at#siras it will allow avoiding future
losses in case of impact occurrence while leadingigher environmental quality levels in

the absence of impacts.

Results should also be viewed as a signal to stitewction to increase knowledge about the
natural system. Despite inherent uncertainty makéfgult to predict with certainty the
probability of occurrence of a given environmenghénomenon, knowledge on ecosystems’
responses to critical loads and carrying capacdses provide some insight on how close a
natural system is to a critical threshold. This Wlemige is crucial for policy making as it
leads to increase system reliability and hencegdesnore effective measures aimed at
reducing environmental risks. Langsdale (2008)estahat ‘once inherent uncertainties
dominate, then the focus should shift away fromucgty uncertainties and move on to
clarifying and communicating what is known abouw #ystem and determining effective and

robust responses.

Thus, an approach to outcome uncertainty which desuon the effects of inherent
uncertainty on WTP for preservation measures cay plrole in environmental decision-
making when thresholds are threatened. Indee@nitstimulate action oriented to guarantee
an effective intergenerational allocation of natueadowments on the basis of welfare

maximization issues. Therefore, it is undoubtedtglavant issue for further research.
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Table I. Attributes’ description and their levels

Attribute Description Levels

‘Specialist’ bird species +5, 0, -16

Change in the number of speéies

‘Generalist’ migratory bird
Change in the number of speéies +5,0, -16
species

. . Minutes waited for an observation About 3, About 7,
Waiting time

cabin’s seat About 15

Number of benches throughout the  Triple, Double, Equél
Rest-stop benches
park

Entrance fee per adult visitor and trip 4, 8, 12, 16, 20, 24
Entrance fee
(in euros)

#Changes with respect to the current number of igfist bird species and ‘generalist’ migratory
bird species.
® Number measured with respect to the current lef/etst-stop benches.

°Business-as-usual (BAU) levels, being €0 for thedce fee attribute.
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Table Il. Levels of the ‘specialist’ bird species tiribute #

Probabilities of impact occurrence and non-occurrene in

a 10 years’ time

P1 P2
BAU -10 0
Adaptation 0°/+5° +57+10°

&Changes in the number of ‘specialist’ bird spewiith respect to current levels.
®Changes in the number of ‘specialist’ bird specieder a moderate management

effort.

“Changes in the number of ‘specialist’ bird specieder a high management effort.
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Table IlI. Levels of the ‘specialist’ bird speciesattribute under each scenarid

Inherent uncertainty

No_Inherent Inherent_80 Inherent_60

pl=80% p2=20% p1=60% p2=40%

BAU -10 -10 0 -10 0

Adaptation 0/+5 dr+5° +57+10° 0°/+5° +5°/+10F

%Changes with respect to current levels.

®Changes in the number of ‘specialist’ bird spediesler a moderate management

effort.

“Changes in the number of ‘specialist’ bird specieder a high management effort
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Table IV. Results from RPL models under No_InherentJnherent_80 and Inherent_60 scenarids

No_Inherent Inherent_80 Inherent_60
Coeff. Std. Coeff. Std. Coeff. Std. error

Variables error error
Fixed parameters
P1- XspecrtP2: Xspece 2.1137 0.286 1.956" 0.181 1.613" 0.180
Xeen 1.245™ 0.236  0.568" 0.177 1.729™ 0.188
XTIME(ess) 0.455~ 0.139  1.118" 0.118 0.150 0.109
X BENCHES(double) 0.584" 0.150 0.116 0.109  0.600” 0.125
X BENCHES(triple) 0.276 0.173  0.838" 0.140 0.274 0.140
P1- XspecrtPa Xospece -0.780" 0.274  -1.567" 0.236  -1.841" 0.249
X2%5eN -0.758" 0.255  -0.968" 0.256 0.685" 0.226
(P1- XspecrtPz Xspeca): Xeen -0.290 0.165  -0.998" 0.151  -1.097" 0.165
(P1- XspectHPa Xspecd)® XTiMEdess) -0.684™ 0.167  -1.901" 0.173 -0.075 0.215
Random parameter$
Xcost_Mean 1.371" 0.065 1.087" 0.073 0.996™ 0.076
Xcost_std. deviation 0.718" 0.043 0.861" 0.053 0.966" 0.061
Log-likelihood -1,050.601 -1,061.169 -1,183.264
Observations 1,788 1,734 1,746
N 291

& Significant at 1% level, Significant at 5% level; Significant at 10% level.

®Coefficients of the normal distribution associatéth the lognormal one.
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Table V. Mean marginal value of E(Xped) under No_Inherent, Inherent_80 and Inherent_60 scearios®

Test 1 Test 2 Test 3
No_Inhere Inherent_ Inherent_ Inherent_  No_Inhere Inherent_
E(Xsped nt 80 80 60 nt 60
Mean marginal 131 2.43 2.43 2.75 1.31 2.75
value
Standard (1.12) (2.21) (2.21) (3.29) (1.12) (3.29)
deviation
Interval [0.54;2.37]" [-1.03;1.41] [0.65;2.61]

®The mean marginal value of E{gd has been calculated by computing the mean of tHiidtual-
specific marginal values, which follow a lognorndiktribution due to the random cost parameter.

™ Significant difference between values at the 1%llev
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Table VI.

Mean marginal value of E(Xspec) for different levels of Xrivegess) and Xgen®

XGeN

XTimE(ess)=0 XTiME(less)=1

No_Inherent Inherent_80 Inherent_60  No_Inherent Inherent_80 Inherent_60
-10 1.31 * 2.43 = 2.75 1.08 * 1.56 * 2.75
0 1.21 * 1.97 = 211 0.98 = 1.10 * 2.11
+5 1.16 * 1.74 = 1.79 0.93 = 0.87 * 1.79

®For each value of ugqessy ‘=" means the values are not significantly diéfet from each other, whilet* means

they are significantly different from each other.
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FIGURE 1

ATTRIBUTES POLICY A POLICY B NO POLICY INTERVENTION (C)
. l_
‘SPECIALIST’
BIRD SPECIES
60% chance, keep the current number 60% chance, increase the current number by 5 60% chance, decrease the current number by 10
40% chance, increase the current number by 5 40% chance, increase the current number by 10 40% chance, keep the current number
‘GENERALIST’
MIGRATORY
SLD RIS Keep the current number Decrease the current number by 10 Decrease the current number by 10
WAITING TIME @ @
Wait about 15 minutes for a seat in observation Wait about 7 minutes for a seat in observation Wait about 15 minutes for a seat in observation
cabins cabins cabins
REST-STOP
BENCHES
Triple the current number throughout the park | Double the current number throughout the park Keep the current number
ENTRANCE FEE

€16

€24

€0
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