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Abstract

Rokua in Northern Finland is a groundwater depehdensystem very sensitive to climate
change and natural variability. As such, the wageel of most of the lakes is a function of
the level of the groundwater table of the eskercWwhs naturally recharged. The management
of an ecosystem like this is very challenging anchglex because of the many associated use
and non-use values. The scope of this study ixpose, apart from the use values, the non-
market values attached to the ecosystems servicgondwater systems and reveal their
importance. In particular, this chapter illusteatthe contribution of stated preference
methods to orient policy making and presents resfibm an application of a choice
experiment and contingent valuation method reggrdijnound water quantity. General
public's elicited values highlight the importancd water management policy which
contributes to the sustainability of groundwatepeatedent ecosystems. Importantly results
highlight the need to broaden the policy optiongdoel the consideration of market and use
values of groundwater systems. Instead these sysshiwuld be considered as part of the

broader ecosystems and broader services consitededision making.

Keywords: Choice experiment, Contingent valuation, Climateargie, Water quantity,

Groundwater dependent ecosystems.
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1. Introduction

This chapter focuses on the estimation of use mpbrtantly non-use values to inform the
management of groundwater dependent ecosystemsq)ABg as a case study the Rokua
Esker in Northern Finland. GDEs are ecosystems refhtgimportance because of the
conservation, biodiversity, ecological, social @&wbnomic values they provide. Their basic
characteristic is that they require access to gteaiter to maintain their healthy condition.
Following Evans and Clifton (2001) GDEs include) ferrestrial ecosystems that rely
seasonally or episodically on groundwater; (ii)eribase-flow systems, including aquatic,
hyporheic, and riparian ecosystems that dependamndwater input, especially during dry
periods; (iii) aquifer and cave ecosystems, oftentaining diverse and unique fauna; (iv)
wetlands dependent on groundwater influx for alpart of the time; and, (v) estuarine and

near shore marine ecosystems that rely on grouedwecharge.

As a result, a loss of groundwater resources iapmthreat as ecosystems’ functions and
composition are reliant on the appropriate suppiygmundwater. Consequently these
ecosystems are very sensitive to climate change ratgral variability. Across Europe,

aquifers resources are dramatically changing withuigdwater resources to face increasing
gquantitative pressure mainly from land use issuebs @nsumption pressures (Klove et al.,
2011). Also, all regions of the world show an oVlenat negative impact of climate change,
freshwater resources and ecosystems and it is &xpétat many areas are likely to face a
reduction in the value of the services provideduager resources (IPCC, 2007). Adaptation
of measures and application of appropriate managepractices have an important role in

determining the impact of these pressures on wasaurces and on ecosystems.

As a response policy makers in Europe have devdldpe Water Framework Directive
(Directive 2000/60/EC - WFD) which is probably timest ambitious piece of environmental
legislation in the EU. While imposing environmentajectives to be achieved, the WFD also
calls for the use of a set of instruments and gtoces for analyzing the socio-economic and
environmental impacts of water uses and at the $mneeprovides guidance for the selection
of measures for achieving these objectives. The Wétires that Member States take the
necessary measures for the protection of watereBpgliromoting a sustainable water use
based on a long-term protection of available watsources. The most cost-effective
programme of measures should be selected in omlemdet the WFD environmental

objectives in all water bodies.



For groundwater bodies, along with WFD, GWD reaalitee achievement of a ‘good
groundwater status’ which is achieved when bothgitantitative and chemical status are
good. As emphasised in the new Groundwater Dire¢®WD) (2006/118/EC), groundwater
is characterised as particularly important for eejemt ecosystems and for its use in water
supply for human consumption. The value of GDEhsagwetlands or terrestrial ecosystems
has been long recognized (Hynes, 1983). Therefmenrding to the GWD when establishing
threshold values for groundwater pollutants, MemBtates need to consider the extent of
interactions between groundwater and associatedatiaquand dependent terrestrial
ecosystems. However, although, the WFD includesigians to protect groundwater from
pollution, and to ensure that groundwater abswadloes not threaten dependent terrestrial or
wetland ecosystems, it is important that more ersigha put on the fact that an aquifer has to
be viewed as an ecosystem related to the surrogirgivironment (Danielopol et al., 2004).
This is required in order to achieve an integraad sustainable groundwater management

that addresses the protection of ecologically V@kiareas.

Economic valuation contributes to improved waternagement decisions by informing
decisions makers about the full social cost of wate and full benefits of the goods and
services that water provides. Many of the ecosystimctions that water resources sustain,
among others recreation and aesthetic benefitgjivieisity benefits, research benefits,
existence benefits, do not have a market priceaanduch are not recognized as having an
economic value by the decision makers (Batemanl.et2803; Perman et al., 2003).
Achieving a good water status requires necesstrdyapplication of non-market economic

valuation techniques, such as stated preferendeochet

Stated preference methods, based on social sueedyigues to elicit public preferences,
have been used since the 1970s by environmentabeusts to value the non-market benefits
of environmental changes. Of these, Choice expatisn€E) are becoming a popular means
of environmental valuation; where respondents aegeired to trade-off changes in the levels
of different attributes that describe the good masgfathe cost of these changes. Contingent
Valuation (CV) method is another stated preferaacanique in which a hypothetical market
Is being created and respondents are asked diteatypress their willingness to pay (WTP)
for existing or potential environmental conditiomst registered on any market (Mitchell &
Carson, 1989).

In this study both techniques are employed to expghow people value groundwater quantity
in an environment very sensitive to climate chasge natural variability. The purpose of the

CE is to investigate the local public’'s preferendes alternative management scenarios,



defined by their impacts on water quantity on tm&inment, recreation and total land
income and by improved scientific information onn@te change. Complementary a CV
method was employed to investigate individuals’&vébr in a setting of uncertainty with

respect to the damage level in the absence ofiseckwater management.

The rest of the paper unfolds as follows. Secti@iff@rs on overview of the case study area,
while Section 3 presents the survey design. Sedfiodescribes the models that were
employed for the estimation, while Section 5 infitst subsection presents the results from
the CE application and then results from the CWaHy, Section 6 discusses and concludes

the role of valuation results in policy design.

2. TheCase Study Area

The case study is Rokua esker located in Northewlarkd. It is a part of a chain of esker
ridges with small “kettle” lakes situated withinethesker area. Rokua is a dependent
groundwater ecosystem. As such, the water levalaxft of the lakes’ in Rokua is a function
of the level of the groundwater table of the eskag, latter is naturally recharged. However,
during the last few decades, it has been obsengighificant reduction in the water level of
many small lakes. Scientists monitored groundwqtemtity and observed that groundwater
level tended to decline even in a period whereipitation-evaporation ratio was increasing.
For this decline in water quantity in groundwated d&akes many reasons have been discussed
such as climate change or the land use and draiRagest drainage of the surrounding peat
lands appears to disturb groundwater dynamics herkly water level of lakes. However
there is yet a degree of uncertainty as scienkfiowledge is lacking on this complex
ecosystem. The impacts of drainage and also theratatariability or impact of climate
change on groundwater dynamics are not very cleiaByven though more research is needed
in order to better understand the extent and ther@af the problem, scientific observations
give sufficient evidence that a policy to mitigatpossible future environmental deterioration
is needed. Water resources in Rokua provide ashkvamray of goods and services which can

be translated to direct or indirect values, aseuresd in Table 1, for local society and visitors.

Table 1. Total Economic Value Components of Water Resolimd@ekud

Forestry

Energy resources (peatland)
Recreation

Forestry

Direct Use Values



Irrigation for agriculture / Domestic water supflyg a lesser
extent)

Nutrient retention

Pollution abatement
External eco-system support
Micro-climatic stabilisation
Reduced global warming
Soil erosion control

Indirect Use Values

Potential future uses of direct and indirect uses

Option Values Future value of information on climate change

Non-use Values Biodiversity
(bequest, existence and _
altruistic values) ~ Cultural heritage

#Adopted and modified from Barbier et al. (1997)

3. Survey Design

The main goal of the questionnaire, as in statedepences techniques, is to try to elicit
information about environmental preferences fromiividuals through the construction of
hypothetical but realistic scenarios of water mamagnt practices that involve an
improvement in environmental aspects of water gtyaithe complete questionnaire covered
a number of topics and was divided into 5 sectiees, Table 2 below. An accurate and clear
description of attributes and their associate Ewath the policy under consideration as well
as an introduction to the study area were providettie beginning of the questionnaire. To
obtain more information on individuals’ attributabe questionnaire contained debriefing
guestions, questions that revealed environmentaaousness of the respondents and socio-

economics questions (age, gender, income categodespation and educational attainment).

Table 2. Questionnaire structure

Site description
Scientific facts

Section A Presenting the problem Good to be valued
Attributes to be valued
Scenarios
Section B Choice experiment questions 8 sets atehmards
Questions to explain why
Section C Debriefing Questions respondents were or were not
WTP
Section D Environmental Behaviour Questions Questlons that reyeal
environmental consciousness
Section E Contingent Valuation Question Question to examine risk
behaviour
Section F Socio-economics questions Among others age, education,

job and income




The development of the survey instrument took plaeer a period of a year and involved
initially focus groups discussions, face to faceeiviews with local stakeholders and
extensive discussions with experts. Discussions Wital stakeholders revealed people’s
understanding of the issues related to the manageaiewater resources and services in
Rokua. Stakeholders (forestry, peat land indus2nd house owners, local residents and
service providers) were asked general questionsthehthey are familiar with environmental
conditions of water resources in Rokua and theesselated to it, i.e. land use issues and
climate change and finally whether and how they@anvironmental goods or services that
Rokua esker provides. After discussions with exp#re valuation problem was refined. In
particular the exact attributes to be valued ad aglthe increase in their levels after the
implementation of a policy option as well as theresponding levels in case of deterioration
were defined. The survey was administered with-taece interviews from April to August
2011. A random sample of 170 respondents was ¢etlerom Oulu and around the
municipalities of Utajarvi and Vaala where Rokuaaais situated. The sample consisted from

either local inhabitants of the area or recreatiosars of Rokua.

3.1 Choice Experiment Design

The good to be valued in Rokua choice experimetiteigevision of the water management in
a way to meet the objectives of water framework graindwater directives which is the
main European legislation in place to protect gowater. A detailed description of choice
experiment design can be found in Koundouri et(2012). Policy under consideration
includes restriction of peat land drainage in theugdwater area, expansion of the
conservation area and compensation when legallyinemty Implementation of the above
would enable management of Rokua to comply withrenmental, water and biodiversity
legislation. The key requirements of the WFD inatiein to groundwater dependent
ecosystems are to achieve and maintgood statusof these water bodies by 2015 and meet
the overall environmental objectives for groundwatecording to Article 4 (b). Designations
and actions ought to be implemented in order towtaa good water quantity in lakes, spring

and aquifer and to sustain as many ecological amdskcape functions as possible.

In this direction, proposed policy options will ¢dhute to restore lakes’ water level and to
avoid future possible deterioration. At the sameetenvironmental improvements would also
lead to an increase in recreational values. Incopp®rtunities of local people could also get

affected. For example, environmental degradatiahdbuld occur in the absence of a holistic



management could result to a decline in the pojtyland the number of visitors to Rokua

area and as a result income from such activitiaddvdecline.

Policy under consideration is characterized byffedint management attributes which are
presented in Table 3. At this point it should ksoaloted that during testing the questionnaire
as well as during the face-to-face interviews ndigation that respondents experienced

interrelationships between the attributes was redea

Table 3. Water management attributes and levels used iChe

Attribute Definition Management Level

Increased: most of the lakes have restored
their water level
Same as now: some lakes have water

This attribute refers to the quantity problems. Current state of water is

total quantity of water sustained.

available in groundwater Limited: water quantity has been

aquifer, lakes and spring. considerably declined. The last alternative
reflects what is expected to happen in the
absence of revised management in the
future (Status quo level).
Increased: environmental improvements
result in an increase in recreational values.

Same as now: currentlevels of recreational

d valuesare sustained.
Low: This is the case where no measures
are taken. As a result of environmental
degradation in the absence of the revised
management, recreational values are going
to decline(Status quo level).

Water Quantity

This attribute refers to the
sum of all values (direct an
indirect) derived from
recreational activities.

Recreation

This attribute refers to the _ ) _
total income opportunities Same as now: Total income will remain
for the local people emergingunchanged.
from economic activities of

logging, peat harvestingand  Restricted: Total income opportunities wil
tourism industry based in - get restrictedStatus quo level).
Rokua area.
This attribute refers to the High: More Resources
scientific research to better
understand long-term

Total Land
Income

Investment on Medium: Current ResourcegStatus quo

Research . . level).
environmental changes in
Rokua. Low: Stop current research
Price One-off payment 0€,10€, 20€, 50€, 100€

Source: Koundouri et al. (2012)

Experimental design techniques were employed inSSRSobtain an orthogonal design

(Louviere et al., 2000; Hensher et al., 2005) cstesi of main effects in 32 pair-wise



comparisons of alternative wetland management sicsneandomly blocked to 4 different
versions, each with 8 choice sets. Each set cadaiwo different wetland management
scenarios and an option to select neither sceramsidered as thetatus quobaseline

alternative. The two wetland management scenaries characterized by a change in

attributes with respect to tlsgatus qualternative.

3.2 Contingent Valuation

Complementary to the choice experiment a CV queditlowing a split-sample approach
was employed to investigate individuals’ behaviomisetting of uncertainty with respect to
the damage level in the absence of the revisedrwaeagement. Most of the studies in the
water resources valuation literature employing a@&hod aim to determine the WTP for
water services considering single changes i.an dower to a medium or higher level water
quality. Thus there is a fundamental assumptiorinigethe survey design that all different
scenarios presented can be achieved with certsintgspondents can reveal their underlying
preferences upon certain outcomes (Roberts é2@8). Yet there are only few studies that
have incorporated issues of uncertainty regardiegeikact nature of damage undergtetus

quoas well as the timing and the extent outcomel®ptroposed environmental policies.

Johansson (1988) in a CV study in Sweden presesoatke preliminary results on the
consistency of WTP measure for public goods inrarettain world. Respondents were asked
about their willingness to pay for four differembgrams that each would save all or some of
the species. The result of one of the program waertain, i.e. respondents were informed
that there was a 50% chance for the program toaagpecies and 50% to save every second
species. The remaining programs would save 50%, attdd.00% of the species respectively.
Macmillan et al. (1996) employed a CV method taneste WTP of the Scottish population
for uncertain recovery and damage scenarios fratuced acid rain deposition in the semi-
natural uplands of Scotland. In order to incorpmratcertainty with respect to the damage
level in the absence of further reductions in eiissrecovery, a split-sample survey format
has been used that presented six alternative d@easygcovery levels and damage levels

scenarios.

Similarly in Rokua case study, uncertainty wasadtrced through the use of subjective
probabilities. That is in the absence of any beittdormation equal probabilities to the

mutually exclusive outcomes of water statesl (StateHigh, State B: Good, State C:

! For the presentation of water states the visuagmtation of water provided by WFD has been used:



Moderate, State D: Poor, State E: Bad) have besigresd. Following work of Macmillan et
al. (1996), in the first sub-sample respondentsviriormed that in the absence of a revision
of water management there is 50% chance that wgatentity will remain at current levels,
that is State (C), and 50% chance for level to@&tate (E), implying an expected future
damage State (D). In the other sub-sample resptsmdemme informed that water quantity will
be with certainty at State (D). In both cases #&wsion of water management would result in
a certain level of improvement. WTP bids (as a offigpayment) were elicited through a
Payment Card Contingent Valuation (PCCV) mechanidms method was first developed by
Mitchell and Carson (1981 and 1984) as an altereab the bidding game. As the authors
(Mitchell and Carson, 1989) noted, this approaadsdwot require large samples compared to
referendum approach. However, although this methedids the anchoring effects of
dichotomous choice since respondents select their@TP amount (Ariely et al., 2003) it is
regarded that the chosen range of amounts careidfurespondent’s answerBespondents
were asked to state the amount that best desdtiegdmaximum WTP in 6 points range of
offered bids from 0 to > €160The maximum amount of €100 was derived from fagnasip

interviews. An opportunity was also provided taeta higher WTP.

The aim of this set up is to test whether or niityitvill differ between a management option
according to which the expected future damage ustius quowill be moderate but
uncertain and a programme where future damage wtdars quowill be moderate but
certain. Macmillan et al. (1996) has concluded thbkéen individuals are faced with future
environmental damage they appear to be risk-av@ssa.result, the CV question is employed
in order to investigate respondents’ risk behaviand hence to observe how and if the
valuation result changes when respondents are awéreéhe uncertainty regarding

environmental losses with respect to $tetus qudevel.

4, Model Specifications

The models for both CE and CV we present in thislstare the final equations selected
following a specification search that tested akévant explanatory variables in the data, and
their natural logarithms, for significance, and kemly those that were found to be

statistically significant at the 10% level.

HIGH [ GOOD| MODERATE POOR-

2 Carson and Groves (2007) offers a discussion o tiseses.
3 Offered bids were: €0, €2, €5, €10, €20, €50, €28000




To contribute to an assessment of the validity QICK responses, we first examined
descriptive cross-tabulations of sample WTP agairmstables in the dataset. We then
conducted our econometric analysis beginning wittombination of explanatory variables,
by picking the seemingly most important variabbas] estimated two models using Ordinary
Least Squares (OLS) regressions. The first regnessas run with WTP as the dependent
variable; the second witln_ WTPas the dependent variable, whére WTPis the natural
log of (1+ WTP). Findings from this analysis showed that the rhadéh the ‘log-linear’
specification o_ WTB as the dependent variable fit the data substhnbatter than the
model with WTP as the dependent variable. Subseqgaealysis therefore focussed on
models within_ WTPas the dependemariable. Furthermore, models were corrected for
heteroskedasticity using the robust covariancenesar.

Based on the OLS regression, the WTP function fouigdwater quantity is:

Ln (1+ WTP) =g+ p*Gender+ S,*Income+ss*Degree+5,*Group+ps*Visit
(1)

Then, according to the average selected samplesingEquation 1the WTP is calculated.

Regarding the model specification for the analyfisCE data, Hausman and McFadden
(1984) test led to the rejection of the IIA progerdnd therefore to the use of another model
which relaxes the IIA assumption. As reported iruKdouri et al. (2012), where an overview
of CE methodology can be found, the error compantagit model (ECM) provided a better
insight on preference heterogeneity and therefaae preferred. According to this model’s
specification the random part of utifitis decomposed to an individual unobserved effedt a
other variables that influence choieg< «; + k;) and the possibility for error components in
the combined Change nest and the No Change nestaisined. Because the probability
function does not have a closed form solution, mnedel is estimated using simulated

maximum likelihood methods (Train 2003).

4 The utility of a choice is comprised of a deterrsiii component\() and an error component) (which is

independent of the deterministic part and follows apredetermined distribution:
u, =V (zi]. . )+ E( ra ), where, for any individual, a given level of utility will be associated with
any alternativej. The researcher observes some attributes of tteenalives as faced by the individual,

IabelledZij Dj , and some attributes of the individual, labeied and can then specify a function that relates

these observed factors to the individual’s utility.



As the CE method is consistent with utility maxiatibn and demand theory (Hanemann,
1984) the marginal value of change in water managémrogram attribute can be calculated

as:

M WT P - — IBattribute

cost

(2)
This part-worth (or implicit price) formula reprege the marginal rate of substitution

between one-off payment and the water managemegtam attribute in question.

Before presenting model results, Table 4 descrithes socio-economic and attitudinal

characteristics of the final usable sample for gaethod.

Table 4. Profile of respondents

Variable Definition CE Ccv Ccv
Sample Group 1l Group 2
Age Average age of a person (in years) 41.5841.36 41.46
Gender  Dummy variable equals 1 if female, 0 if mald0 48 34
Children Dummy variable equals 1 if respondent has 43° 42 44
children, O otherwise (%)
Degree  Dummy variable equals 1 if respondent has35 38 30

education with university degree and above, 0
otherwise (%

Visited ~ Dummy variable equals 1 if individual has 78 80 76
Rokua  visited Rokua in the past, O otherwise (%)
Income  Average annual gross household income 3.74 3.76 3.61

(seven income bands from less than €10.000
to above €70.000)

Group Dummy variable equals 1 if respondent 54° - -
belongs to Group 1, O otherwise

Sample size, N 166 91 79
AN=165, " N=164, N=153

5. Mode Results



5.1 Error component model- CE results

The error component models were estimated by stedilaaximum likelihood using Halton
draws with 500 replications (Train 2003). All thénoice attributes were statistically
significant. The models were estimated with NLO@ID (Greene 2002) and the full data set
of 1328 observations from 166 respondents. Injtial full set of socio-economic variables
was entering the utility function either througheiractions with the ASC or as interaction
terms with the choice attributes. Variables suctlrempondents’ household size, gender or
association with the farming or forestry communmitgre not significant and are not included
in the final model specifications. The first modeported in Table 5 includes only the choice
attributes as explanatory variables in the utilityiction. All the estimated coefficients have
the expected signs. Cost of new management isimegatd significant, whereas an increase
in seagrass area, riverside vegetation and ra@espare positive and significant at the five
per cent level. The ASC parameter is negative aguifcant, indicating that respondents
generally prefer the ‘new-management’ options aver no-management scenarcgteris
paribus The latent error term captures unobserved ewaelations between the two new
alternatives that deviate frometstatus quooption. The error component is significantly
different from 0, indicating heterogeneity acrdss ttilities that respondents derive from the
new alternatives. It should be noted that resdlthis model are also reported in Koundouri
etal., (2012).

Table 5. ECM results

Attribute-only Model 1 with Model 2 with
model® interactions” interactions
est. t-ratio est. t-ratio est. t-ratio
Water Quantity 0.435*** 4699 0.400***  4.052 0.236** 2.017
Recreation 0.209 *** 2761 0.171** 2.110 0.091 0.867
Research 0.551***  7.096 0.583*** 7.182 0.383*** 3.391
Total Land Income 0.158** 2.072 0.174* 2183 0.236** 2.521
Cost -0.016*** -9.846 0.017** -9.939 - -9.991
SQ -5.899** 3979 -8.77® -2.385 -5.126**  -2.068
Age*SQ 0.070 1.205
Gender*Ss( -4.437**  -2.517 - -3.010
Children*SQ 4.359**  -2.084
Visit*SQ 4.958** 2.158
Income*SQ 0.342 0.655 0.410 0.780
Degree*SQ 3.835**  -2.083
Degree*Water 0.465*** 2.897

Quantity



Degree*Recreation 0.278* 1.729

Degree*Research 0.504*** 3.160
Degree*Total Land -0.174 -1.150
Income

St. Dev. of latent
random effects

No Change 3.388 0.994 0.877 0.234 0.753 00.22
Change 7.802***  3.275  7.214*** 5031  7.552** 5234

LL -964.8493 -865.2540 -874.6694

2 988.2157 923.7392 940.0641
Pseud-R? 0.34 0.3t 0.35

BIC 1.49641 1.51479 1.51052
Observations 1328 1208 1224

# of respondents 166 151 153

ElReported also in Koundouri et al. (2012)
(*) indicates sianificar at 10%: (**) incicates sianificar at 5%:; (***) indicates sianificar at 1%

The attribute-only model does not provide inforraatiabout the sources of individual
heterogeneity. In the second error component moelebrted in Table 5, socioeconomic
variables were interacted with the ASC and the ashattributes. In addition, attributes were
interacted with respondents’ characteristics artdoba range of model specifications tested,
the model that provided the best fit to our datairsdluded gender, income, and interaction
effects between education of respondents and th&ehattributes in the utility function.
Comparing the log-likelihoods and the pseuddgBodness-of-fit measures between models,
the models with interactions that account for sesrof preference heterogeneity provide a

much better model fit than the attribute-only model

Overall the models are statistically significantladl attributes are significant determinants of
choice, apart from recreation in Model 2 with iateions. The cost price is negative,
indicating that an alternative is less likely to tleosen if the cost is higher, while other
attributes’ coefficients conform to theoretical exfation of increasing marginal utility. For

both types of models attribute-only and with int#i@ns, respondents prefer water
management practices which ensure higher watertitgjarecreation, research potential and
positive effect on total land income. The modekbalemonstrate a negative and significant
coefficient for thestatus qudndicating thatceteris paribusthe status quaalternative is less

desirable than the other options maintained aldmwth types of specifications.

Regarding models with interactions capturing indii)l observed heterogeneity, it is
observed that in Model 1 respondents who are addrhave visited Rokua in the past are

more likely to choose thetatus qudahan Option A or B, showing that familiarity withe site



does not necessarily encourage Change. An oppedfeet is observed for female
respondents, with children and a higher than sesmgneducation. It is also noted that income
has no effect on choice which could be explainedheyreluctance of participants to reveal
their real income. Model 2 captures conditionalehegeneity by including in the utility
function interactions of respondent’s educatioralel with choice specific attributes and
interactions of income and gender with ASC. Resstisw that respondents with higher
levels of education are likely to prefer managensaenarios that assure and improve water
guantity, research and recreation attributes. Euntbre, similarly to Model 1 with
interactions female respondents are less likelyptofor thestatus quoscenario. Finally, the
error component for the combined alternatives A 8nd statistically significant, for all
models, revealing alternative specific varianceetugeneity (heteroscedasticity) in the

unobserved effects of these alternatives.

Using the Krinsky and Robb (1986) procedure witl@@@raws in LIMDEP 9.0 NLOGIT
4.0., respondents’ valuation of water managemergram attributes (followingquation 2
and 95% confidence intervals were calculated fer dktribute-only and with interactions

ECM models and are reported in Table 6.

Table 6. Implicit prices (per household, one-off payment)Water management attributes
from NMNL and ECM and 95% confidence intervals

Attributes Attribute-only Model 1 with Model 2 with
mode interactions interactions
Water Quantity 25.75 22.54 13.02
(15.93, 35.73) (13.44, 32.18) (0.83, 25.05)
Recreation 12.46 9.71 0.00°
(3.63, 22.15) (0.57, 18.88)
Research 33.05 33.50 21.41
(24.22, 43.02) (24.12, 43.34) (9.36, 34.89)
Total Land Income 9.33 9.76 12.82
(0.67, 17.51) (1.50, 17.78) (3.46, 22.73)

dWTP estimate was not found to be significantlyetiét to zero and is expressed as zero
The estimated WTP values for all models indicate thverall an average household values

positively the improvements. Specifically in terpfsresearch it is willing to pay from €21 to

€33 to ensure that the scientific research to beitelerstand long-term environmental
changes will not stop. Another important attribdte the households is improved water
quantity that varies from €13 to €26, while inceepotential for recreation and total land
income range from €9 to €13. Therefore, implicites clearly demonstrate the importance
of water quantity for the respondents by supportuater management that will not allow the

decline of total quantity of water available in gnalwater aquifer, lakes and spring.

5.2 Log-linear model- CV results



Table 7 presents our main model estimation refaftBCCV elicitation method estimated by
OLS with In (1+WTP) as the dependent variabléfo ensure the variance of coefficient
estimates are consistently estimated, we use fomablels the White Standard Errors

employed in the LIMDEP heteroscedasticity comnfiand

Table 7. Estimation Results for PCCV

Log-linear pooled Log-linear group 1 Log-linear group 2
est. t-ratio est. t-ratio est. t-ratio

Gender 0.966*** 3.893 1.131 % 2.927 0.824* 2.263
Income 0.001*** 6.979 0.001*** 6.867 0.002** 2.073
Degree 0.749%** 3.099 0.578 1.615 0.875** 2.309
Group -0.174 -0.675
Visit 0.0001 0.379 0.0001 0.145 -0.071 -0.169
Constant 2.387*** 10.475  2.185*** 7.128  2.460*** 5.235
F statistic 10.03 8.54 4.03
R 23% 28% 18%
Observations 170 91 79

(*) indicates significanat 10%,; (**) indicates significardat 5%; (***) indicates significan&t 1%.

Although, the R for the PCCV models are modest, significant retethips among variables
such as gender, income and education have beealedveThe coefficients are almost
uniformly in line with expectation, with WTP vangnwith income while use of the water
environment was positive (log-linear Pooled and uprd) but not significant. Turning to
other effects for which we held no cleaior prediction, we find that well educated
respondents and female respondents all gave higlhees on average, and were more likely
to accept the scenarios, than those with lower atthral attainment and male respondents.
However, the dummy variable for group although tiegas not statistically significant and
therefore doesn’t pick up any differences betwdengroups. Based on the average sample
and usingequation 1 the WTP from Pooled data, Group 1 and Group 2rgperted in the
third column of the Table 8. Findings show thapmxlents who faced uncertainty (Group 1)
stated a smaller WTP compared to respondents afebend group who were willing to pay
marginally more. Therefore, results of Table 8 ao¢ conclusive regarding the effect of

uncertainty on stated values. In the literaturk bshaviour has been observed in the context

5Some respondents chose the option >100 among yfmeepd options. This involves 5 respondents fromuPra
and 5 respondents from Group 2. These are includied) the maximum bid as upper bound bid.

6Although, the classic correction for heterosceddstis the HCO estimator proposed by Huber (196it) White
(1980), MacKinnon and White (1985) discussed timg@ovements, HC1, HC2, and HC3 from which the lagest
the best as suggested by Long and Ervin (2000¢céfy in small samples.



of uncertainty in financial losses. Kahneman andersky (1979) presented a body of
empirical evidence that individuals are risk-seskghen financial losses are in prospect. Yet
this result opposes Macmillan’s et al. (1996) firgdi that individuals are risk-averse when
faced with uncertain future environmental damagés tegarded that further research could

shed more light on this respect.

Table 8. Mean WTP per household (one-off payment) for gatis of water quantity and
guality in 5 to 10 years from now

PCCV max WTP PCCV regression model
Pooled 41.55 (39.51) 20.71
Group 1 40.42 (39.48) 15.20
Group 2 42.85 (39.76) 19.90

¢ All zero bidders are include8Std.Dev.in parentheses

Overall, Tables 6 and 8 demonstrate the importariceater quantity for the respondents

which is a prerequisite condition for healthy GDEs.

6. Policy Implications and Conclusions

The notion of the total economic value of ground#aelated ecosystem is very important
for a holistic economic assessment that considecsthat the functions performed by GDEs
are an important component of the overall enviramiadeservices provided by a groundwater
system. Therefore, decision-making needs to berirdd by economic analysis that entails a
relative assessment of the: (i) cost of protectioterms of the loss of alternative uses of
groundwater and land, and the administration ofldhéd-use and groundwater control policy
and (ii) benefits of protection in terms of-situ value of groundwater and groundwater-
related ecosystem services (Foster et al., 20@6addition, findings of the current study

confirm the significance of such benefits.

Overall, results show that respondents generailpifa changes in water management and
they prefer to deviate from the describstétus quooption by choosing a management
scenario rather a no-management scenario. Both ©Hels) attribute-only and with
interactions, revealed that individuals prefer watenagement practices which ensure not
only higher water quantity but also recreationeegsh potential as well as positive effects on
total land income. Scientific research that redueasironmental uncertainty should be
encouraged and promoted, since results indicateathaverage household is willing to pay

from €21 to €33 in order to ensure that the sdiemesearch to better understand long-term



environmental changes in Rokua will not stop. Aeotimportant attribute for the households

is improved water quantity that varies from €1Z26 (average value of €20).

CV models revealed also the importance of watentityaand quality for the respondents
revealing an average value of €19 per household-¢finpayment). It is interesting that
female respondents and those with higher educatemost likely to accept changes on the
management revealing the higher environmental conscess of those groups. On the other
hand, results indicated that familiarity with thase study has an opposite effect as elder
people who have already visited Rokua are the fikedy to choose thestatus quaption. In
addition, when applied the CV method respondentg weesented with uncertainty regarding
the losses conditional on a certain level of improent. In the first subgroup respondents
made a decision in a context of uncertainty thabatge will occur while in the second in a
context of certain damage. So the CV question wapl@yed in order to investigate
respondents’ risk behaviour and hence to observihef valuation result changes when
respondents are aware of the uncertainty regaetingonmental losses. Both groups showed
a moderate WTP for the services, with only a shgtdwer WTP for the group confronted
with only uncertain damage. However, interpretatidrthe above result does not provide a

strong evidence of respondents’ risk value undiéerdint degrees of uncertainty.

At this point it should be noted that while the momic benefits related for example to water
supply may be easier to realize, hon-use valugsafmdwater are often neglected. There are
few studies that have estimated non-use valuetedeta quality (Hasler et al., 2005; Press
and Soédergvist, 1998; Rozan et al., 1997; Jensah,€t995) or quantity (Koundouri et al.,
2012) of groundwater. Rozan et al., (1997) estith@e52 per household/year in 1995 of
non-user households to protect the Alsatian ag@feance). This value was considered as a
proxy of its existence value and was used to aseessconomic non-use value of the aquifer.
Similarly, Press and Soéderqvist (1998) employed @%thod to estimate the benefits of
groundwater protection in the Milan area (ltaly) arder to also consider non-use values
directly. The authors elicited a value of ITL 64000per household/year. Jensen et al. (1995)
by using CV method estimated the WTP for groundwptetection from pollution at DKK
1000 household/year elicited by an open-ended patyfoemat, and at DKK 2100 using the
close-ended format. Furthermore, Hasler et al. §2@dployed a national CE study in order
to assess the non-marketed benefits associatedneittased protection of the groundwater
resource revealed an estimated WTP of DKK 1,899sélold/year for protected and
naturally clean groundwater, not in the need faifjmation, a WTP for good conditions for
flora and fauna in waterways and lakes of DKK 1,2@usehold/year, and a WTP for

purified water of DKK 912 household/year (all in@Dprices). The authors also used a CV



study to estimate the value of both naturally clgesundwater and very good conditions for
plant and animal life (DKK 711 per household/yeand purified water (DKK 529 per

household/year). It is noted that comparing vahlfethe above studies with the current one,
after accounting for differences across countrig$ years, show that the latter (CV and CE)

has elicited values of lower magnitude with regardiater quantity.

Apart from stated preference methadsitu values have been assessed by using the distance
function methodology. Koundouri and Xepapadea®42@stimated the individual farmer’'s
valuation of the marginal unit of groundwater irtikiquifer in Cyprus at £0.009%(in 1999
Cyprus pounds). Furthermore, the socially optinfeldow price ofin situ groundwater (in
Cyprus pounds) for the Kiti aquifer in Cyprus in9®9was determined to be £0.2017 pér m
of water, using an optimization model simulated emdonditions of optimal groundwater
extraction (Koundouri and Christou, 2000).

Furthermore, Koundouri (2000) reports the estabtish situ per cubic meter groundwater’s
total economic value. This total economic valuedsial to the relevant backstop technology
for water, which is for example the per cubic cobtdesalination (at €0.05). Divergence
between this value and the estimated above shadow qf in situ groundwater points to the
significant non-use values of groundwater, suclopi®on value and ecosystem resilience

value, as well as alternative use values of econgmitors other than agriculture.

From a policy perspective the findings of the cotr&tudy provide an insight into the return
value of the various services that groundwater ddget ecosystems can provide. This result
aims to inform policy making of how individuals ual non-use and existence values of these
ecosystems. Hence, it is regarded that results asigeh the need to broaden the policy
options (e.g., related to the WFD implementatiofuture land use and ecosystem protection
policies) beyond the consideration of only marked ase values of groundwater systems and
they contribute to justify decisiongxX-ante and ex-pos} taken by government agencies
(Bonnieux & Rainelli, 1999; Pearce & Ozdemirogl(G02).

As Boulton (2005) observes, mismanagement of theuree takes place and that happens for
different reasons such as the difficulties of asisgsgroundwater volumes, recharge rates and
sources, and groundwater quality, the relativebwstecognition of the linkages between
groundwater and many surface water ecosystems la@dlack of public visibility of
groundwater’s lag-time between changes in groungiwagime or quality and the response

by surface GDEs.

Therefore, acknowledging and establishing vertibakages between water bodies and



exploring the relation between groundwater rechaagd discharge is one of the most
important aspects of the protection of ecologicaljuable areas, especially when facing
climate’s change uncertainty. Finally, given tHeelihood of significant uncertainty over the
impact on GDEs decision-making strategy will nodpalave to embrace one or other of the
following (Foster et al., 2006): (i) the precautaoyn principle of not authorizing any
development until ecosystem risks are established managed (ii) pragmatic initial
development of groundwater resources with carefutitoring, evaluation and adaptation of
development plans in the event of significamipacts and (iii) reserving specific
environmental flows within the overall groundwatersource management strategy and

planning to sustain key wetlands.
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