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1. Introduction

As demands on the environment and associated #eos\services increase, the need
for a more integrated approach to managing theogagibn of these natural resources also
increases. This is particularly true for coastad amarine natural resources. The EU aims to
provide an integrated approach through the Marimat&y Framework Directive (MSFD).
The principal aim of the directive is to achievedamaintain good environmental status
(GES) of marine waters by 2020 in order to proteetmarine resources that underpin many
marine and coastal economic and social activitlemg, 2011). These marine resources
provide a variety of ecosystem goods and servicasih turn generate benefits for society.
Valuing these ecosystem services will provide potiakers with information on how society

trades off the benefits the marine environment joles versus other goods.

From a policy making perspective, decisions thailad affect the quality of these
coastal and marine ecosystems are routinely matthuwtitaking into account the non-market
benefits that would be foregone if the environmkgtelity of these ecosystems deteriorated.
Decision making could be improved if both the leaetl accuracy of information on the non-
market benefits of maintaining or achieving higivisnmental quality were improvedAt
present, there are few decision making framewohet facilitate integrated ecosystem
service valuation and comprehensive planning iati@t to all activities taking place in
coastal areas and marine waters. According to Dreui@®08), the lack of such a framework
can translate into spatial and temporal confliose(—user and user—environment conflicts) in
the marine environment. In the EU, the Marine 8tygtFramework Directive (MSFD) aims

to provide a framework for resolving these condlict

! Some authors note that information from ecosystamations should also be used in conjunction witrer
studies (i.e. integrated modelling, nature protectphysical planning, stakeholder analysis, antti+otiteria
evaluation) in deciding how to manage such ecoBys{@urner et al. 2000).



The MSFD requires member states (MSs) to achieved@nvironmental Status
(GES) by 2020 in their marine waters by enactimgagine strategy. This marine strategy will
be composed of a programme of measures that woltawe different aspects of the state of
the marine waters as measured by 11 descrif@erttam and Rehdanz (2012) note that the
MSFD requires that these measures should be destieé and MSs will have to assess the
social and economic impacts which may include bestefit analyses. MSs may delay or not
achieve GES if the cost of the measures neededigy®portionate. Additionally, the MSFD
calls for a social and economic analysis as pathefinitial assessment and also calls for
consideration of social and economic impacts whettingy environmental targets. While
costs are thought to be easier to estimate for mnessmany of the benefits generated by the

MSFD will be non-market goods and services (Bertesntt Rehdanz, 2012).

It is expected that the non-use values arisingnftioe introduction of the MSFD will
form a considerable portion of its benefits (Bartrand Rehdanz, 2012) as non-use values
attached to changes in the marine environment haga previous been found to constitute a
significant proportion of the total economic valokthe benefits produced by changes to
marine and coastal environments (Luisetti et &1, McVittie and Moran, 2010). Non-use
values can only be estimated using stated prefereatiniques (Hanley et al., 2002) as there
is no behaviour to observe that could be used @®xy for their values, which is the basis
for revealed preference methods. The two most camyrgtated preference methods used
are the contingent valuation method (CVM) and theice experiment (CE). In this paper,
only the CVM method is used and the interested ee#l directed to Norton and Hynes
(2014) for a demonstration of CE in valuing the déféa of the MSFD. CE deals with valuing
each of the attributes used to measure a changeah€VM takes a more holistic approach
by focusing on the value of moving from the cutrealicy situation to an alternative where

the environment is improved under an environmeuuaéty i.e. the MSFD.



CVM has been widely used in the valuation of emwinental goods and services or
for changes to the environment for many years {(Pgrl973, Carson & Mitchell, 1989,
Hanemann et al. 1991, Alberini et al. 2005, Bateritaal., 2006, Abdullah & Jeanty, 2011).
The method was first used by Davis (1963), andihaseased in popularity since a blue
ribbon panel in the United States validated its (#seow et al. 1993). The CVM estimates
values of a non-market good or service by presgntespondents with a hypothetical
situation in the form of a questionnaire. The valaee ‘contingent’ on the respondent’s

willingness to pay or willingness to accept a clatgthe good or service being valued.

In a review of studies concerned with the valuatiof coastal and marine
environments in the Black Sea and Mediterranean, @ivthe regions designated by the
MSFD, Remoundou et al. (2009) found that the CVMthod was the most common
valuation methodology used, being used in six ef tthirteen studies reviewed. CVM has
been also used by others to values changes inat@ast marine environments. For example,
Carson et al. (2003) used CVM to estimate the remualue or passive value of an oil spill
in Alaska. The introduction of an escort ship pesgme was valued which would prevent or
reduce the impact of another oil spill occurringlie same region. The payment instrument
used was a onetime payment of federal tax. Theegumas undertaken face to face and had a
response rate of 75.2% that generated 1043 resptsndehey estimated a mean WTP of

$79.20 based on a modified Weibull distribution.

Machado and Mourato, (2002) also undertook a CWM\ysusing a payment card to
estimate the value of clean bathing along the Estoast in Portugal in 1997. Using a face to
face interview approach on 11 beaches along thestdbay gather 401 responses. The
respondents were faced with a number of paymendsadetailing their WTP to avoid illness
associated with bathing in poor quality water. Thean WTP to avoid gastroenteritis was

found to be 7,782 PTE (US$ 44.39) per person.



Nunes and van den Bergh, (2004) used a joint ltreast (TC) - CVM survey to
estimate the value in preventing harmful algae mi®¢HAB) for the Dutch coastline. The
programme valued the treatment of ballast water sfoips to prevent establishment of
invasive algae species. The TC method was usedtitoate the value of recreational users
while the CV was targeted at valuing indirect and-ouse values. Using the double-bounded
dichotomous choice question the survey was facéate with 242 beach visitors. The
participation rate for the survey was 69%. Using TTC method the authors estimated an
annual gross recreation benefit per individual 66€The CV results for the preventing

HABs was estimated at €76 per respondent.

Hall et al. (2011) used CVM to value the changemarine protected areas covering
rocky intertidal zones (RITZ) in Southern Califanmainly by restricting access to the
public. Only visitors to the sites were surveyed arsing a double-bounded dichotomous
choice question with tax as the payment instruntieey estimated a value of $6.11 per visit

for an improvement in RITZ environmental quality.

However, using primary valuation methods such¥M@nd CE, as described above,
can be costly and time-consuming and in the casgEotan be relatively complex to design
and model. An alternative approach is value tranffd) also known as benefit transfer
(Brouwer, 2000, Navrud and Ready, 2007). VT vale®n-market good or service of a site
(often called the policy site) using values estedatgenerated through primary studies such
as those mentioned above, for similar non-marketices at another site (often called the
study site) and applying these values to the pdity. This secondary valuation technique
negates some of the problems with primary valuasisndentified above; namely cost, time
and complexity (Rosenberger and Loomis, 2003). Hmmnethe technique also has it
disadvantages, the most significant is that thaeséansferred may not prove to be similar to

the actual value (which is unrevealed to the VIcptianer) at the study site. This difference



between the transferred value and the actual edakvs known as the 'VT error'. Where this
error has been calculated in some studies it haa bgund to be highly significant with

values of up to 486% being reported (RosenbergeiSaanley, 2006).

As with CVM, the VT method has been widely appliedhe environmental literature
(Luken et al, 1992, Bateman et al., 1995, Brandel.€2012) and also to value marine and
coastal environments. Troy and Wilson (2006) predida framework for using GIS
(Geographic Information Systems) to help value gst@sn services and demonstrated three
examples of applications. One of the applicationsictv included coastal and marine
ecosystems was for Maury Island, an island withigd® Sound in Washington State. For the
Maury Island study, 43 applicable studies were wesdlting in 71 data points that were used
to estimate the value from 11 different ecosystgped for Maury Island. Six of the 11
ecosystems were coastal habitats. Four of thehiyleest yearly ecosystem services flow per
hectare were for the coastal ecosystems (beach dwatling US$117,254, beach
US$88,204, coastal riparian/ estuary US$9396, heaes aquatic habitat US$16,283,
saltwater wetland US$1,413). The final estimatestfe yearly non- market ecosystem

services flow were US$22.6millié%* for Maury Island.

Liu (2007) undertook a value transfer for the estat New Jersey and used 94 peer-
reviewed valuation studies, which provided 163 &ttn points. After translating the values
into US dollars per acre, GIS mapping of New Jekgay used to allocate the values. In this
study, 13 ecosystem types were identified and ittekided four coastal ecosystem types.
Two of the highest yearly ecosystem services flewacre were for the coastal ecosystems,
(beach US$42,147, saltwater wetland US$6,527, Bstu@$715 and coastal shelf US$620.
Liu estimated that the yearly ecosystem serviaes fkas US$11.6 billiof!* for the state of

New Jersey.



Brenner et al (2010) provided a valuation of tbe-market ecosystem services in the
Catalan coastal area of Spain using GIS with Vite€n different ecosystem types were used
of which 4 (coastal shelf, seagrass beds, beasht#gjater marshes) were coastal ecosystem
types and they made up 22.2% of the total studg. adnety-four studies that generated a
total of 188 valuation points was used in the vidumastudy. Three of the four highest yearly
ecosystem services flow per hectare were for thastab ecosystems (beaches -
US$104,146™* seagrass beds — US$24,258 saltwater marshes — US$15,i1%7 and
coastal shelf — US$3,238%. Brenner et al. found that coastal ecosystemstypevided a far
higher ecosystem services value flow to area a®0l) compared to the marine and aquatic
ecosystems (1.1) and terrestrial ecosystems (Ot&).yearly ecosystem services flow was

estimated to be US$3.2 billion for the coastal afe@atalarf.

Hynes et al (2013) used an international valuesfiex with a cultural adjustment to
value the marine and coastal ecosystems of Galvagy & coastal inlet on the western coast
of Ireland. One hundred and sixty-nine estimatesewsed to estimate the values of eight
ecosystem services for six ecosystem types wittdlw@y Bay in 2007 Euros. The highest
value was for €137 million for the sea ecosystenciwkvas followed by beaches and dunes
for €45 million. The highest valued ecosystem s&wiwere eutrophication mitigation with a
value of €144 million, non-use value of €36 milliand recreation values of €36 million. The

cultural adjustment only lowered the VT error irotef the four cases tested.

Ghermandi and Nunes, (2013) undertook VT usingl@ ased meta-analysis to
generate a map of coastal recreation values arthumdylobe. In the meta-analysis, 253
observations were used to generate the meta-anaiisie transfer function that included for

characteristics of the relevant population, thdtlmgastal environment, natural elements of

2 All values for the Troy and Wilson (2000), Liu (@0) and Brenner et al. (2010) studies are starzizddr
2004 US Dollars



the coastal environment and climate. In the stuglpf@he 253 observations were from CVM
studies and six ecosystem types were assessed (lesagary, coral reef, mangroves, marsh
and other). While the authors showed values pemaheor recreational value for the world's
coastlines, these were shown as high to low andhapnetary amounts were noted in the

paper.

VT's other major advantage is that it can alsapplied on a scale that would be
unfeasible for primary research in terms of vallsrge numbers of services across multiple
ecosystems. This is seen in most of the paperswed above. This has been enabled by the
recent extension to the value transfer approachising GIS (Geographical Information
Systems). The use of GIS has been advocated byttLewal. (1997) and Bateman et al.
(2002) as a way of improving VT and lowering trarsérrors by including socio-economic
characteristics allowing for substitute sites. llater paper, Bateman et al. (2006) argued that
the use of GIS coupled with the concept of distadweay may be a method of determining
market size for public goods, especially for noe-wslues, coining the term "economic

jurisdiction”.

This paper examines how two spatial variablesdtbance decay coefficient and the
population density coefficient, are determined amadelled within VT function and how
different choices can affect the market size animesed consumer surplus (CS). The
distance decay issue is examined through hownitadelled and the population density issue
is examined through how the modifiable area unitofgm (MAUP) manifests itself when

undertaking a VT exercise.

In this paper, we add to the above literature bingi the CVM methodology to
estimate the value, to Irish residents, of the mamket ecosystem service benefits associated

with the achievement of good (marine) environmersf@tus (GES) in Irish waters as



specified in the EU Marine Strategy Framework Direr (MSFD). Additionally, a VT

exercise using the 'function transfer approachindertaken for the achievement of GES for
five EU MSs. The paper explores the use of spa#ighbles in this function transfer and the
issues arising from the use of these spatial viasain VT, namely specification of distance

decay and the MAUP.

In what follows section 2 provides a descriptiontttd MSFD. Section 3 then describes the
CVM methodology that is used to estimate the valugchieving GEV in Irish marine waters
and the VT methodology and examines issues witludiveg spatial variables in VT. Section

4 details the results and some discussion and usinols are presented in Section 5.

2. TheMarine Strategy Framework Directive

The Marine Strategy Framework Directive (MSFD) (EC/56) requires that EU
member states (MSs) achieve GES by 2020 in theistaband marine waters by protecting,
maintaining and preventing deterioration of the imarecosystems and also by preventing
polluting inputs being introduced into the marinevieonment. GES is measured using 11
descriptors and when all 11 descriptors are at gbaidis then the marine region/ sub-region
will have achieved GES. This target is to be aakieby developing and implementing
measures that will manage of human activities suema balance between sustainable use of

the waters and conservation of marine biodivertiong, 2011).

The MSFD builds on previous EU legalisation in #wironmental area such as the
Water Framework Directive (WFD) (2000/60/EC). Th&sRD complements the efforts of
the WFD within coastal water bodies where the twice®ives overlap by allowing for
interaction of management plans but this does peptyato transitional waters which are

solely covered by the WFD. This process may nosdmmless though; Borja et al (2010)



have identified some potential conflicts betweea tivo directives due to issues of spatial

application (e.g. Borja et al. (2010) question $tidransitional waters with a large marine

influence be omitted from the MSFD), different temology of the goals of the Directives

(Good Ecological Status versus Good EnvironmentaluS), different levels of GES status

(WFD-5, MSFD-2) and different indicator measure$&sS.

The MSFD established a number of marine regiosshb-regions on the basis of

geographical and environmental criteria (SuarezVdeero et al., 2009). There are four

regions; North-East Atlantic Ocean, the Mediterean&ea, the Baltic Sea, and the Black

Sea. These regions are further divided into a nunobesub-regions shown in Table 1

(adapted from Suarez de Vivero et al., 2009).

Marine Regions Area (kfn Marine sub-regions Area (Kn
Atlantic NE Ocean 4,673,125 Greater North Sea 1,359,539
Celtic Sea 518,672
Bay of Biscay and Iberian
Coast 821,374
Atlantic Ocean 1,973,540
Baltic Sea 349,644 Baltic Sea 349,644
Black Sea 55,908 Black Sea 55,908
Mediterranean Sea 1,533,098 Western Mediterranean Sea 693,550
lonian Sea 359,906
Aegean Levantine Sea 418,819
Adriatic Sea 60,823

Table 1. EU MSFD Marine Regions and associatedregions (Adapted from Suarez de

Vivero et al., 2009)

The MSFD requires MSs to undertake marine strasefgir each region or sub-region

that its marine waters cover. A marine strategyives the following;



* the preparation of an initial assessment of curremgironmental status of the
regions/sub-region and the impact of human aatwitin said region/sub-region

* the determination of what GES is for the region/eedfion and the establishment of
environmental targets and associated indicators

» setting up of a monitoring programmes for the rafgab-region

» develop by 2015 a programme of measures to acloiewaintain GES by 2020 and

implement such measures by 2016

The MSs are to cooperate with other MSs in desmrand implementing marine
strategies for each marine region (Long, 2011). &lew, a recent report (EC, 2014) by the
EU Commission on the implementation of the MSFD fasd many deficiencies in the
manner MSs developed marine strategies and theofao#-ordination between MSs leading
to a lack of coherence in what GES is, even withansame regions/sub-regions and noting
the lack of ambition in the programme of measuresoanced to-date. This could be
considered a fulfilment of the concerns highlighted some (Long, 2011van Leeuwen,
2012) of the willingness of MSs to implement the RI5and improve the status of their

marine waters.

Within the MSFD, Bertram and Rehdanz (2012) idesttithe four main requirements

for the valuation of ecosystem service benefiteegated by the MSFD. These are:

. Initial assessment of a Member States' marinenwaincluding economic and social
analysis (ESA) of the use of those waters, artti@tost of degradation of the marine

environment (Art.8.1(c) MSFD).

. Establishment of environmental targets and aasedtidescriptors describing GES,
including due consideration of social and econoooiecerns (Art.10.1 in connection

with Annex IV, No. 9 MSFD).



. Identification and analysis of measures needetletdaken to achieve or maintain
GES, ensuring cost-effectiveness of measures sseksing the social and economic

impacts including cost-benefit analysis (Art.181SFD).

. Justification of exceptions to implement meastoa®ach GES based on the
disproportionate cost of measures, taking accouft tlee risks to the marine

environment (Art.14.4 MSFD).

Estimating the value of coastal and marine ecesystservice is even more difficult
than estimating the value of their terrestrial degoarts as the majority of coastal ecosystem
services are not traded in established marketseathely command a price (fish consumption
and established marine energy sources being obwroasptions) (Beaumont et al. 2007,

McVittie & Moran, 2010).

3. Methodology

A survey was undertaken with 812 respondents througthe Republic of Ireland. The
survey was conducted face-to-face and respondesrts selected on a quota system based on
gender, age and geography. The first section ofstlmey comprised of a number of
guestions related to use of the marine and atstidehe marine environment. Additionally
the survey undertook two valuation exercises. Tiret fvas a discrete choice experiment
(DCE) that used the descriptors of GES to generhtece alternatives of GES for Irish
marine waters.. The second valuation method, tibtwed the DCE, was undertaken using
CVM

The survey was conducted between September 2@1LR@rember 2012. To ensure a

representative sample of the Irish public aged #8ry and above, a quota controlled



sampling procedure was followed to ensure thasthrgey was nationally representative for
the population. This was based on age, genderegidrr of residence. Table 2 demonstrates
that the sample is representative of the populatiben compared to the 2011Irish National

Census of Population statistics .

Table 2. Characteristics of this survey versus Ge211

This survey (n=812) Census 2011 — Republic of

Ireland
Average Age (Years) 44.6 44.8
Gender (% Male) 49.8 49
Nationality (%lrish) 90 86
Education (% To primary level) 10 16
Education (% To secondary level) 56 53
Education (% To third level) 34 31
Marital Status (% Single) 29 27
Marital Status (% Married) 53 51
Marital Status (% Other) 18 12
Incomé (€ per year) 33,300 36,138

1. Note that that values refer to population aged 18+.

2. Income is only presented for those working who regabtheir personal income in the survey (n=185).
This subsample is compared to available nationtd 8ased on average earnings for third quarter,
2012 (CSO0, 2012).

The respondents were given information (OutlinedBox 1) on the changes that
implementing GES would involve. The respondentsaweld that

"The health of the marine environment is measured using a number of attributes.

(Choose the)... amount that you as an individual will have to pay annually for the next 10 years to
help protect the Irish marine environment under this alternative. Payment is expected to be made
through a ring fenced tax dedicated to protecting the marine environment either through your
income tax or VAT. Please consider how much money is available in your budget considering all your

other expenses before making your decision.”

The question asked for the CVM wa8ased on all the information you have heard so
far and again remembering your income and budget, what would be the most that you would
be willing to contribute towards achieving good environmental status in the seas around

Ireland?" The respondents were then presented with the payeaed shown in Figure 1.



Box 1. Description of Irish Marine Environment

a) Marine Biodiversity and Healthy Ecosystem
High levels of biodiversity are often a sign of a healthy well-functioning ecosystem. An area has high
biodiversity if there are high numbers of different species (especially high level predators), high numbers of
those species and the areas in which they live are protected from damage. Biodiversity and healthy
ecosystems in Irish waters are known to be under threat from a variety of human activities (i.e. fishing,
pollution, marine construction, etc). Currently, most of the seas and oceans around Ireland are rated as at
good status with some areas of moderate and poor status; without protection, it is expected that biodiversity

will decrease (less species) and there will be a reduction in the area and number of healthy ecosystems.

b) Sustainable and healthy fisheries
The sea provides a variety of fish species which are both nutritious and tasty. In Irish seas while some fisheries
are currently have stable populations (e.g. it is sustainable to harvest them) and are safe to eat, other fisheries
have been overfished and no longer produce the same yield as in previous years (e.g. it is unsustainable to
harvest them). Providing sustainable fisheries may mean closing some fisheries in the short term to allow fish
stock to replenish so that they are available both for us in the longer term and for future generations.

Management may also be required to ensure fish are healthy and safe to eat.

c) Pollution levels in sea
A variety of polluting substances and litter are known to be entering the seas around Ireland. These pollutants
can cause damage to marine environment (e.g. oil slicks), can affect humans by being absorbed through eating
fish and can cause harmful algae blooms (e.g. red tides) which can close bathing areas and cause shellfish
poisoning. Marine litter can look unsightly and cause damage to marine life. Preventive measures will be

needed to reduce the levels of pollution and litter in Irish seas.

d) Non-native species
Marine non-native species are animals and plants that humans transport to Ireland either on purpose or
accidently (attached to ships or in ballast water of ships).There are small numbers of marine non-native
species in Irish marine waters currently. Non-native species are known to cause damage to oyster beds and
disrupt ecosystems. Without preventative measures, these species could spread and new non-native species

could travel to Irish waters.

e) Physical impacts on the sea
Physical altering the seabed and changing flows can cause damage to habitats on which various marine species
depend and also may cause pollution by stirring up pollutants which were buried in the seabed. Different
human activities in the sea and on the coast can change the sea bed and the flows of tides and currents.

Underwater noise caused by sonar, ships propellers and construction within the marine environments can also




cause disturbance to fish populations and induce stress in marine mammals that use sonar like whales and
dolphins. It is expected that some of these activities will increase in the future which is expected to cause
more changes to the sea bed and flows. Management of these activities will be needed to prevent significant

damage to the marine environment.

Nothing/€0 €25 €100
€1 €30 €120
€3 €35 €150
€5 €40 €200
€8 €45 More than €200
€10 €50
€12 €55
€15 €60
€18 €70
€20 €80

Figure 1. Payment card for the CVM exercise

It is noted that the data generated through thithodkis interval data. Although it is
highly possible that the amount chosen by the med@at correspond directly to the amount
on the payment card (it was noted there were hiffequencies at euro note denominations),
it is also possible that the amount chosen cowd bé the lower bound between that amount
and the next higher amount on the payment carditidddlly, it is noted that there were a
number of respondents that chose the €200 or nyarenomeaning that these amounts are
right censored. One may still use OLS regressiothis case, using the midpoints of the
intervals, however Hubbert and Cameron (1989) ssigtpat an interval regression model is

a more appropriate for this type of data as usib§ @ads to biased parameter estimates.



The interval regression model (Hubbert and Camet889) is a generalisation of the
Tobit model (Amemiya 1973) and is estimated usimg maximum likelihood method. The
likelihood contribution for the value of th#h individual is

Pr(y1j <Y <y,j) 3)

where the value of thgh individual is in the intervaly;, y;]. Theintreg command in
STATA 12 was used to estimate the model and thisncand also allows for censored data.
The likelihood contribution from left censored detaiven as

Pr(Y; <y)) (4)
and the likelihood contribution from the right cersd data is given as

Pr (Y; = y;) 5)

wherey, is the observed censoring value afyds the random variable representing the

dependent variable. The log likelihood was cal&adats follows:

—-xp

g

1 i 2
InL = —>%jec {(y’ ) + loanaZ}

* Zjerlog® (M)
* Zenlog {1 - @ ()}

*Djerlog (& (255) - 0 (25)) Q

ag g

where ®( ) is the standard cumulative normal. For furtbetail the interested reader
should consult Hubbert and Cameron (1989). This ehddhs previously been used to
estimate WTP for reducing air and noise pollutmnnected with the introduction of
hydrogen buses in London (O’Garra & Mourato, 208l for estimating airline passengers

WTP to offset carbon emissions from their fligHBsquwer et al., 2008).



The second methodology used in this paper is vaaresfer (VT). An alternative to
the primary non-market valuation methods such aealed (e.g. travel cost and hedonic
valuation methods) and stated (e.g. CVM and CElepzace approaches is value transfer
(VT). Each primary economic valuation methodolo@g lits own strengths and limitations,
thereby restricting its use to a select range afdgoand services associated with a coastal
zone. Primary valuation research, while being estfbest’ strategy, is also very expensive
and time consuming. Thus, secondary analysis ov#heation literature is a ‘second best’
strategy that can yield very important information many scientific and management
contexts (Rosenberger and Loomis, 2000, BrouwedQ2Dedoux and Turner, 2002). When
analyzed carefully, information from past studiasblshed in the literature can form a
meaningful basis for coastal zone management pdicieed, a number of benefit transfer
exercises have already been reported for coastedsz(lroy and Wilson, 2006, Liu, 2007,

Brenner et al. 2010, Hynes et al. 2013).

From a marine management perspective, such traveiges have a number of potential
uses. These include use in the cost-benefit asal@8BA) of investment projects and policies
aimed at managing coastal and near-shore resol@gepreservation of coastal wetlands or
sand dunes, restrictions on the recreational hange®f shellfish, and estuary pollution
prevention measures), or projects that affect thest@l or marine zones (e.g. construction,
drilling, port extensions); environmental accougticalculating the marginal external costs
as a basis for optimal economic management of dlasts and design of optimal regulatory
instruments (e.g. a tax on aggregate extractiom fthe foreshore or charges on effluent
discharges into an estuary). VT could also assisnvironmental liability cases, to calculate
compensation payments to injured parties for polfutdamages to coastal and marine

ecosystems.



There are a number of methods of transferring wah#tween sites (Colombo & Hanley,
2008). The simplest and most commonly used is &the unadjusted willingness to pay
(WTP) estimates from one or more study sites amlyagheir average value to the policy
site. This method is referred to as ‘unit valuasfar’. An extension to the unit value transfer
method is where the WTP values are adjusted foraomaore factors (e.g. adjustments for
differences in income between study and policyssited for differences in price levels over
time or between sites) before the values are tearesf between the sites. The next step in
complexity of benefit transfer is to use a valuendtion transfer method (Loomis, 1992).
This is the approach adopted in this paper. Thi®lues using the parameters from the
original demand function from the study site (WY &nd using environmental and population
characteristics from the policy site to generageWATP for the policy site (WT. In effect it
is assumed that;

predicted WTP (B5,XP) = WTP? (1)

Meta-analysis is a more complex form of value fiorcttransfer that uses a value
function estimated from multiple study results tige with information on parameter values
for the policy site, to estimate policy site val§@gilson and Liu, 2008, Brander et al., 2012).
The use of spatial micro-simulation techniques ¥ar is another form of value function
transfer that has been recently suggested by Htreds (2007) and Hynes et al. (2008).

More recently, Glenk et al. (2014) used VT in caowjion with a CE valuing WTP for
good ecological status in river basins in Spaireyrhoted that non accounting for attribute
non-attendance in CE can have significant effentthe values estimated which in turn will
affect the value estimated using VT. The importantdaving the correct model before
transferring values should not be underestimated.

Transfer errors and the applicability of transtegricertain values are of the greatest

concern in the transfer valuation literature asséhéssues are the most important for



providing confidence in the final valuation of tpelicy site (Colombo and Hanley, 2008).
The subject of VT is a maturing area, and with nsitelies and more understanding of the
valuation of ecosystems, more confidence will ltaia¢d in the methodology. However, the
issue of transfer errors is the most significastdvantage in this method (Rosenberger and
Stanley, 2006). However, it has been acknowledgatthe general view within the literature
is that function transfers generally outperformtunansfers (Johnston and Rosenberger
(2010) although this is not always found to be tfBeuwer (2000) found that the unit-VT
method had a lower range of transfer errors in bfthe VT studies he reviewed. Transfer
errors are typically presented as the percentdtgrelice between the value estimated for the
policy site and the 'actual’ value at the police.sFollowing Bateman et al. (2000), the

transfer error is calculated as:

Transferred Estimate—Policy Site Esimate)

Transfer Error = ( X 100 (2)

Policy Site Esimate

While the reason for undertaking a VT exercisehiat tthe 'Policy Site Estimate' is
unknown, a number of studies have estimated thieypsite value using primary valuation
techniques and then undertaken VT and tested ftiferetice between the two. Brouwer
(2000) reviewed a number of VT exercises which regabtransfer errors and found transfer
errors varied between 1% to 475% but noted that mvege in the range of 20%-50%. The
large variability in transfer errors was also notgdRosenberger and Stanley (2006) who
found transfer errors between 8 and 577%.

One suggested method of reducing transfer errothr@ugh the use of geographic
information systems (GIS). Eade & Moran (1996) wene of the early adopters of GIS for
VT noted that it had great scope to take accournthefspatial variation of a respondents
characteristics in VT. Lovett et al. (1997) used®&@ improve a travel cost demand function
for forest recreation by incorporating spatial @dan in socio-economic characteristics and

allowing for substitute sites. They noted that ggBiIS in improving VT is dependent on the



amount of data available and the spatial scale athwvdata is available. Bateman et al.
(2002) also noted that using GIS with VT can alleasier communication of results to
policymakers and the general public.

Another important issue in using GIS with VT is idefg the extent of the market at the
policy site. Bateman et al. (2006) state that aggfieg benefit transfer values (to estimate
the total ecosystem value of the policy site) depen both the benefits per person and the
population of beneficiaries (the extent of the netirkLoomis (2000) and Bateman et al.
(2006) argue that the extent of the market may beenmportant in determining aggregate
values than any changes related to the precisitineoéstimates of per-person values. Hynes
et al. (2006) also highlight the importance theicbf relevant population and the extent of
the market in the aggregation process.

The concept of distance decay has been used tomilegéethe extent of the market for
non-market goods (Bateman, 2000). Often this igthas the concept that users will pay and
Bateman noted that where both users and non-useisuaveyed (as in this study) distance
decay will arise due to a lowering in the numbeusérs (that should have a higher value for
a resource relative to non-users) relative to negrss Bateman (2000) also noted that some
in the literature had found a distance decay elérfogripure’ non use values but stated that
there was no theoretical basis for this. HoweWfeone considers the composition of the
different elements of non-use value, there areduaasons for non-use values incorporating
distance decay. The first is the altruistic elemenére respondents value a site for the reason
of knowing that someone else might use it. Oftepppemay have a higher value if the site is
near to their family and friends that are in tume amear to the person. This could be
considered an application of Tobler's First lawgebgraphy — “All things are related, but
near things are more related than far things." {&igl 1970). This causes some element of

distance decay for this type of non-use value. $ame concept can be applied to the



inheritance element of distance decay in passigndan environment in good condition to
the next generation, often the generation with whibenrespondent shares the same genes.
The final element of non-use value is option usenetthe person may opt to use it in the
future and geography dictates that location mag faetor in this.

The other spatial issue that has not been predmaesissed in detail in the VT literature
is the modifiable arefunit problem (MAUP). This arises in this study doehe inclusion of
population density as an explanatory variable. WHhiis not commonly included within CS
or demand functions for public goods, it has beated that those in urban areas have tended
to have higher WTP compare to rural counterparsvélt et al. 1997). However, it is
commonly used in meta-analysis VT and found to d&twely related to WTP (Brander et
al. 2006, Brander et al., 2007, Ghermandi & Nu2e4.3).

The MAUP problem as identified by Openshaw and diag1979) arises from the use of
modifiable areal units in quantitative analysise3@ areal units can take a variety of shapes
or sizes. This causes complications with statisticalysis related to both scale and the
method used to create the areal units. The scle is the complication in this paper.

The EU has a number of spatial levels at which dgaphic and socioeconomic is
reported at and is available. These are termed Nolaeire of Units for Territorial Statistics
(NUTS). Different types of data are reported atioias levels. The highest level, with the
coarsest level of spatial detail, is the NUTS1 oagiwhich often has the greatest level of
socioeconomic data. These are either large aredSsfor the entire MS itself for smaller
EU members. The levels then go down to NUTS2, NUT3®J1 and LAUZ2. . As the spatial
detail of the NUTS area increases the amount cd datilable for that area decreases.

Therefore there is a trade-off in what level is egatable in terms of spatial detail and

% The word “areal” is the adjective version of tfeun "area".



socioeconomic or demographic detail. Goodchildle{1®93) identified this as a particular
problem for using population density as a socioeaun variable.

Population density is calculating by dividing thepplation within an area by that area. It
is assumed that the population is distributed egvenfoughout this area. However, the
population density effect is likely to work at a aier spatial level e.g. LAUL or LAUZ2. In
this study, population density for each responiensélculated based on the LAU2. However,
most of the variables used for the VT exercise weeasured at the NUTS3 level. This leads
to the MAUP as identified by Goodchild et al. (1993

Imagine picking random people from a NUTS3 regiowl &alculating the population
density in their area. If the area is NUTS3, th#ypeaople from the same NUTS3 will have
the same population density. However, imagine agaiking random people from a NUTS3
region but this time their population density vhteis based on the LAUZ2 region they are in.
Then the odds of picking a person from a highersilgrarea is higher due to its larger
population. Therefore, the mean population denfsitya NUTS3 region based on LAU2
region as weighted by population will be higherisT$patial mismatch between data zones is
the MAUP as the population density was calculatedrish LAU2 in the survey data but the

spatial unit for the VT exercise is the NUTS3 level

While the CV valuation exercise was restrictedr&dand, it was decided that VT would
be used to estimate values for achieving GES aeogsnber of Atlantic EU MS. However,
while the Atlantic marine region covers all of lrigvaters, the question used was not specific
to that region. Therefore the values estimatedtber Atlantic states is considered to cover
all their European marine waters, no matter whgiorethey are in. This means that this VT

exercise covers part of the Mediterranean marig®nefor the MSs of France and Spain.



It was decided that the NUTS3 level would be usetha spatial unit for the VT exercise
due to the inclusion of the geographic variableslisfance and population density to allow
for intra-heterogeneity within MSs and this was fimest scale for which data was readily
available. Most of the data was available from Btabor its agglomeration of Census 2011
results from all MSs, CensusHub2, or from individSs central statistics agencies. All
data used was based on the year 2011 as this waeiisus year for which most of the data
was available and income data was purchasing ppardy (PPP) adjusted. Additionally, the
income data was only available at the NUTS2 leagl] the attitudinal variables from the
KNOWSEAS Project (Potts et al., 2011) were onlyilabdée at the MS level. Table 3 details

the source of each variable used in the VT exercise

Variable Geo. Level Source
PPP Adjusted Income (€1,000's) NUTS2 Eurostat (2011)
CSO, INE (ES), INE (PT),
Married NUTS3 INSEE, ONS (2011)
CSO, INE (ES), INE (PT),
Children in the household NUTS3 INSEE, ONS (2011)
Has third level education NUTS2 Eurostat (2011)
Male NUTS3 Eurostat (2011)
Age (years) NUTS3 Eurostat (2011)
Distance from the coast NUTS3 QGIS - Own calcs.
Rated ocean health as important or very  Member
important State Knowseas (2010-2011)
Log of population density (ED level) NUTS3 Eurostat (2011)
Agreed or strongly agreed with Marine Member
Protected Areas State Knowseas (2010-2011)
How competent is the government to Member
manage and protect the marine waters State Knowseas (2010-2011)

Table 3. Sources of data for the VT exercise



4. Reaults

The interval regression used 558 of the 812 suobservations of which 184 choose
zero WTP. The other 254 respondents gave zero v&tweheir WTP and were classed as
protest responses due to their answers to thewallm questions. People were classed as
having protest responses if they choose one offdlh@wing options, "I object to paying
taxes; The Government/ County Council/EU or othedybshould pay; | don't believe the
improvements will actually take place; Those whdlyte the seas and ocean should pay; |

didn’t know which option was best, so | stayed with “No Change” option; Don’t know".

Table 4 presents the results of the interval ssgom models with WTP to achieve
GES per annum over ten years as the dependentbleariawo different models were
estimated. Both models are similar except for iweable measuring distance from the coast.
This variable was included to measure the distalecay as discussed above. In model 1 the
distance is modelled linearly. In model 2 the diseadecay is measured using a log function
that assumes that the WTP values decay expongntidigure 2 shows how the values

decline over distance between the modmderis paribus.

The coefficient results from an interval regressmodel can be interpreted in the
same manner as OLS model (Mahieu et al., 2012)1t khesvariables perform as expected
and the coefficients are very similar in both medg@lpart from the distance decay variable).
WTP for GES increases with income and having altl@vel education. Having children in
the household increases the WTP by a significarduain both models (Model 1 - €5.90,
Model 2 - €6.01), this is thought represent parthaf bequest element of non-use value, in
that those in households with children may constterstate of the environment that their
children will enjoy.

Males also tend to have a higher WTP but the magirising result is that respondents

who are married have such a high negative WTPishaso highly statistically significant. It



may be due to the nature of the Irish economy winem survey was undertaken. It is
expected that many married people own their owndsoand may under financial pressure
and the married coefficient could be the channedugh which this is expressed in the two
models. Age was modelled as a quadratic functi@hbarth elements are insignificant.

Examining the two spatial variables, distance demay population distance, it can be
seen that in both models they are highly statiyicagnificant. The distance decay variable
in both models is negative as expected. The lineadel suggests that WTP decreases by
€0.26 per km. Figure 2 shows the difference in céda of WTP by distance from the coast
in both models. The log of population density wagdidue to the power distribution of
population densities. It is shown to have a positivarginal WTP that suggests that people
living in more urban areas have a higher WTP tlensé living in more rural areas. Since
both models take account of income (incomes terfmktbigher in urban areas) and distance
(Irish cities tend to be located close to the gpalse population density result is not wholly
linked to both of these .

Examining the attitudinal variables, the highestgmaal WTP (model 1 - €12.38, model
2 - €12.74) was found for the dummy attitudinaliable for those who rated ocean health as
very important or important on a five point Likextale. This was statistically significant in
both models but this was not the case for the o#tgtudinal variables that were both
statistically insignificant for model 2. Howevermpth variables performed as expected with
those who agreed or strongly agreed with marinéepted areas having a positive marginal

WTP. The constant in both models was statisticatipificant.



Modéd 1- Linear Model 2- Exponential

WTP to achieve GES Distance Decay Distance Decay
Std.

Variables Coefficient  Std. Error  Coefficient  Error

*k% *k%
Log of Income (€1,000's) 28.21 (4.42) 26.67 (4.41)
Married -9.96 (3.94) ** -9.71 (3.97)*
Children in the house hold ~ 5-90 (3.49) * 6.01 (3.51)*

*kk *k%
Has third level education 9.73 (3.41) 10.72 (3.41)

** **
Male 6.61 (2.93) 6.40 (2.95)
Age (years) -0.51 (0.01) -0.45 (0.59)
Agé (years) 0.01 (0.14) 0.01 (0.01)
Distance from the coast -0.26 (0.07) **=*
(km)
Log of distance from the i -
coast (log (km)) 3.72 (1.40)
Log of population density 1.53 (0.76)** 1.68 (0.79)***
(LAUZ2 level)
Rated ocean health as 1238  (3.56) 12.74 (3.58)*
important or very important
Agreed or strongly agreed
with Marine Protected 5.27 (3.06)* 4.06 (3.05)
Areas
Constant -74.21 (17.27)*** -67.78 (17.90)***
Log Likelihood -2128.17 -2131.61
AIC 4282.34 4289.22
BIC 4338.56 4345.43
n 558 558

Table 4. Interval regression models for WTP for GE8ish marine waters

A VT exercise was undertaken using the datasetdbasea spatial unit of NUTS3
regions (See section 3, Table 3) where availabdhlel 4 below shows the descriptive

statistics for each of the NUTS3 variables usethenVT.



VT Exercise Standard

NUTS3 Variables (n=332) Mean Deviation Minimum Maximum
Income (€1,000's) 25.43 6.82 16.26 46.07
% Married 0.49 0.05 0.31 0.63
% people living with children in the house hold 0.32 0.07 0.20 0.49
% with third level education 0.25 0.07 0.10 0.51
% Male 0.49 0.01 0.47 0.53
Mean Age (>17years) 48.02 2.59 39.60 55.30
Distance from the NUTS3 centroid to the coast (km) 84.01 94.36 0.20 421.50
Population density (NUTS3 level) 767.78 1837.64 7.13 21347.01
% that rated ocean health as important or very 0.47 0.13 0.32 0.80
important

% that agreed or strongly agreed with marine 0.75 0.07 0.61 0.86

protected areas (MPAS)

Table 5. Descriptive statistics for NUTS3 regiosediin the VT exercise.

Where a minus values were estimated, the WTP wasatseero. Table 6 shows the
results from the VT exercise showing the populateeighted mean value for the five
Atlantic MSs and the aggregated values for each Bigh Ireland and Portugal have the
highest individual WTP's in both models and thisfalowed by the UK in model 1.
However, model 2 shows that French individuals haveigher WTP compared to the
average UK resident. Model 2 produces higher figuie four MSs, Ireland being the
exception. The biggest difference between modelsrigrance. This is thought to relate to
the fact that most NUTS3 regions fall into arean&igure 2 but that French NUTS3 regions
(especially around Paris region) fall into arealBe reason is thought to related to the high
incomes and high population density around Parighvanable these NUTS regions to fall
into area B in Figure 2 offsetting the lower valN&ITS3 regions closer to the coast. A
similar but less extreme story can be used to exple differences between models for

Spain.
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Figure 2. Distance Decay for Model 1 and Model 2

Member State Mean (Pop. Wt.)Mean (Pop. Wt.) Total (millions) Total (millions)
Model 1 Model 2 Model 1 Model 2

Ireland €25.82 €24.89 €89 €85
UK €19.76 €20.19 €983 €1,004
France €11.80 €23.02 €581 €1,133
Spain €11.97 €16.07 €460 €618
Portugal €25.28 €24.51 €219 €213
€2,331 €3,052

Table 6. Results from VT exercise for each MS

The main reasons for Ireland and Portugal haviray $ugh WTP values is due to the

high rating that both MS respondents gave ocealthhaad high income in the Irish case and

the high population density in the coastal are®aftugal coupled with closeness of the all

NUTS3 regions to the coast.




Overall model 2 produced higher estimates for achge GES than model 2. Model 1's
estimated aggregate annual WTP for achieving GES8lamtic MSs is €2.3 billion compared
to over €3 billion for model 2. However, there istimng to say which functional form of
distance decay is more accurate.

In terms of which model performs better, modelHe (inear distance decay) was found
to have a smaller AIC and BIC and a larger logHi@d. However, model fit should not
solely determine which model is best for VT. Batem@009) noted the phenomenon
whereby unit VTs often outperform function VTs asasured by transfer errors could be due
to researchers typically transferring statisticabtbfit functions, a problem that could be
mitigated through the use of functions that weneved solely from theoretical principles.

To examine which model is more accurate a VT temsfror test was undertaken based
on Ireland and its eight NUTS3 regions. The interggression models were used to estimate
the value of all the respondents (n=812) in theeyand these values were used to estimate
the individual WTP for each region (Median n =84avin = 231 (Dublin NUTS3 region),
Min n = 64, (Midland NUTS3 region). The results tbfs transfer error test are shown in
Table 7.

The estimated value for the average Irish indiidUA/TP to ensure GES was €29.90 in
model 1 and €30.00 in model 2 a difference of u80. It varied from a high of €38.55 for
the Dublin NUTS3 region (model 1) to a low of €24 @nodel 1) for the Mid-West NUTS3
region. The models predicted the same values fAMWATS3 regions at the 95% confidence
level except for the Midlands NUTS3. A t-test shasignificant difference at the 95% level

(p= 0.0041).



Model 1 - Modd 1 - Modd 2 - Model 2 -

NUTS3 n M ean SE. M ean SE. Difference
Ireland 812 €29.91 0.59 €30.00 0.58 0.33%
Dublin 231 €38.55 0.97 €38.05 0.96 -1.30%
Mid-East 72 €25.92 2.23 €24.96 2.24 -3.80%
Midlands 64 €21.88 1.68 €28.74 1.64 23.90%
South-East 112 €27.89 1.60 €27.34 1.55 -2.00%
South-West 96 €30.45 1.57 €28.37 1.54 -7.30%
Mid-West 69 €21.04 1.71 €22.33 1.65 5.80%
West 80 €28.41 1.96 €28.85 1.86 1.50%
Border 88 €26.62 1.72 €26.10 1.72 -2.00%

Table 7. Regression models predictions for each 8RJiegion in Ireland

Both VT exercises underestimated the value foafrél(model 1 by -14%, model 2 by -
17%) but both did identify the Dublin NUTS regios that with the highest mean WTP. Both
models also identified the Midland Region as hatheglowest valued mean WTP compared
to the regression predictions which predicted thé-¥West. While model 1 had a lower mean
transfer error of -18% compared to -22% in modalsing the absolute values of the errors
which is most likely a better measure, model 2qrenkd better and also had lower variances
between all regions. This is despite model 1 lowansfer errors in four of six NUTS3
regions which differed. The transfer error values eomparable or maybe even better to

those found in the literature (Brouwer, 2000, Rb&eger & Stanley, 2006).



Interval Value % VT Interval Value % VT

Regression  Transfer Error Regression Transfer Error
MS/NUTS3 (Model 1) (Model 1) (Model 1) (Model 2) (Model 2) (Model 2)
Ireland €29.91 €25.82 -14% €30.00 €24.89 -17%
Dublin €38.55 €35.99 -7% €38.05 €33.98 -11%
Mid-East €25.92 €26.27 1% €24.96 €24.40 -2%
South-East (IE) €27.89 €25.26 -9% €27.34 €23.61 -14%
South-West (IE) €30.45 €25.17 -17% €28.37 €23.53 -17%
Mid-West €21.04 €31.42 49% €22.33 €23.73 6%
West €28.41 €15.08 -47% €28.85 €15.22 -47%
Midland €21.88 €3.89 -82% €28.74 €12.96 -55%
Border €26.62 €17.76 -33% €26.10 €16.64 -36%
Mean Error -18% -22%
(Variance) (14.6%) (4.7%)
Mean of
31% 24%
Absolute Errors
(Variance) (7.6%) (3.9%)

Table 8. Transfer errors for Ireland and Irish NUF Regions

Another factor that may impact the results is th&UW® in relation to population density.
This may be an insolvable issue (McMaster & Shep2d04) but in an effort to lessen this
distortion, population weighted LAU2 population déies are used for each NUTS3 region.

The VT exercise was undertaken with NUTS3 as tlagiapunit. Population density was
calculated at the NUTS3 level then log transformiedhe regression models 1 and 2, the log
transformed population density was calculated basedlUTS3 regions. This MAUP may be
a source of error in the VT. Table 7 shows thatgbpulation density measure used in the
regression is larger than in the initial VT exeeci¥his seemed to be a bigger issue for rural
areas compared to the large urban agglomeratiodublin NUTS3 region. In order to
eliminate this source of error, a dataset was ifledt(LAU2 population density data from
the Irish Central Statistics Office (CSO, 2015)dahe population weighted LAU 2 log
transformed population density was calculated &wheof the 8 Irish NUTS3 regions. These
values, seen in column three of Table 7, are veagecmatches to the survey data. This

method of population weighting the LAU 2 populatidensities was then also applied to the



other EU Atlantic MSs based on the Census 2011lltsesmnd the LAU2 areas in each
NUTS3. The new VT results which attempt to accdonthe MAUP are model 1-M for the

liner distance decay model and model 2-M accourfonghe exponential decay model.

This Survey NUTSS3 (Ireland) LAU 2 (Ireland)
NUTS 3 (n=812) (n=8) (n=3409)
Dublin 8.38 7.23 8.35
Mid-West 6.41 3.87 6.59
Mid-East 6.13 4.48 6.38
Border 6.34 3.76 6.01
South-East (IE) 7.02 3.98 6.47
South-West (IE) 7.05 4.00 6.92
West 5.66 3.48 6.20
Midland 6.23 3.78 5.92

Table 9. Population weighted natural log of popatadensity for Irish NUTS3
regions based on this survey, NUTS3 data and Léaia.

The results from table 9 show the effect of usihg@ tpopulation weighted log
transformed LAUZ2 population densities in place leg NUTS3 log transformed population
densities. It reduces the mean VT error for Irelanch -18% to -3% in model 1-M and from
-17% to -5% in model 2-M. Looking across the N&Blregions, there is no difference in
the models based on the mean errors but model @iMgperforms Model 1-M on mean of
absolute errors and on lower variances.

Undertaking the VT exercise across the five MSslsvhadjusting for the MAUP
increases the overall value of GES across theNiweh-East Atlantic MSs to €2,628 million
using model 1-M and to €3,482 million using modeé¥i2an increase of 12.7% and 14.1%
respectively over models 1 and 2. The MAUP adjustntaused an increase of between
7.3% (Portugal, Model 1-M) and 20.7% (Spain, Ma2idll). Portugal had the lowest level of
adjustment which is thought to relate to the higimber of NUTS3 regions relative to its
population (352,072 persons per NUTS3 region) whicHess than 45% that of Spain

(793,490 persons per NUTS3 region). However, theay be other factors, such as the



heterogeneity of population density, affecting sldgustment rate as this relationship does not

hold for all MSs.

Interval

Value

Regression Transfer

MS/NUTS3 (Model 1)

% VT Error

Interval

Value

Regression Transfer

(Model 1M) (Model 1M) (Model 2)

% VT Error

(Model 2M) (Model 2M)

Ireland €29.90 €29.02 -3% €30.00 €28.40 -5%
Dublin €38.55 €37.70 -2% €38.05 €35.86 -6%
Mid-East €25.92 €29.18 13% €24.96 €27.59 11%
South-East (IE) €27.89 €29.07 4% €27.34 €27.79 2%
South-West (IE) €30.45 €29.65 -3% €28.37 €28.44 0.2%
Mid-West €21.04 €35.58 69% €22.33 €33.95 52%
West €28.41 €19.26 -32% €28.85 €19.80 -31%
Midland €21.88 €7.17 -67% €28.74 €16.55 -42%
Border €26.62 €21.21 -20% €26.10 €20.42 -22%
Mean Error -5% -5%
(Variance) (15%) (8.4%)
Mean of

Absolute Errors 26% 21%
(Variance) (7.6%) (3.7%)

Table 10. Transfer errors for Ireland and Irish NBJI Regions with MAUP adjustment

Member State

Mean (Pop. Wt.)Mean (Pop. Wt.) Total (millions)

Total (millions)

Model 1-M Model 2-M Model 1-M Model 2-M

Ireland €29.02 €28.40 €99 €97
UK €22.05 €22.72 €1,097 €1,130
France €13.31 €25.04 €655 €1,277
Spain €14.08 €19.39 €541 €746
Portugal €27.15 €26.81 €235 €232
€2,628 €3,482

Table 11. Results from VT exercise for each MS WARAUP adjustment
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Figure 3. Map of estimated individual's WTP toiagk GES in their nations marine

waters using model 2-M.



5. Discussion and conclusion

This paper presents the results of a valuatiomcesesthat was undertaken in Ireland
on the non-use values associated with implementagfothe MSFD. This work provides
estimates of the non-market benefits generatech®yMSFD that are needed to undertake
CBA as required under article 13 of the MSFD angrivide evidence of disproportionate
costs of measures as required under article 14edfSFD. This valuation exercise using VT
showed that there are significant benefits basedarmiuse value attached to achieving GES
in these MSs waters. The MAUP adjusted models 1Ad a-M estimate the value of
achieving GES is between €2.6 billion and €3.5dgillper annum for marine areas within
these MSs.

Primary valuation studies are important and arelyikto increase similar to what
happened after the introduction of the WFD (Koraogii et al., 2005, Hanley et al., 2006,
Spash et al., 2009, Moran & Dann, 2008, Martin-@ate]. and Berbel, J., 2010, Doherty et
al, 2014). Similar to the WFD, as the number ofi&s increases so does the greater potential
to use VT (Bateman et al, 2011, Norton et al. 2@2a cost-effective tool and that was also
explored in this paper. The use of VT does not centleout a cost as there is a chance of
producing misleading welfare estimates. The us&I& has been advocated as a means of
reducing these errors but as this paper shows msustiill made of how much variability the
VT function captures, the specification of the moaed the spatial level at which data is
obtained and the level at which it is applied.

There is no clear choice of the functional formdiftance decay to use based on the
comparison in Table 8. Based on the model fit (&éde 4), it would have seemed that
model 1 (linear distance decay) would be the betteice, but model 2 (exponential distance
decay) performed better and seems more robust baseabsolute mean error and the

variances of errors (albeit these are based on al ssamber of observations (n==8)).



Additionally, model 2 performed better for the Madds NUTS3 region which is important
as this model is being applied to MSs where NUT&fans exhibit larger distances to the
coast. Also it may be worth considering both modeisdictive power. Pseudo?Ralues
indicate that the models predict circa 20% of tagability in the data, which is low, and it
may be that both models are mis-estimating theac®t decay coefficient. It may be that
both functional forms of the distance decay argpmapriate.

However, the use of GIS should not be dismissednpkins and Southward (1999)
noted that one of the benefits of GIS is its eag@esenting large volumes of data in a spatial
manner to policymakers and other stakeholders #odiag for linkages between research,
policy and practice. An example of this is showrfigure 3. A map of estimated individual's
WTP to achieve GES in their nation’s marine watessig model 2-M is shown in figure 3.
This map clearly shows the distance decay effege@ally for France and Spain, indicating
that large swathes of both nations have lower walaethe marine environment.

Another issue which arose is obtaining socio-dermjoigic data. While, much of the data
was standardised and available either at Eurost@easusHub2, some MSs still have not
made all their data available on these platformgurfe initiatives by such projects like
MARNET which collates and makes available a vgregtdemographic and socio-economic
data related to the marine and coastal areas raaglternative source of data to those
undertaking similar functional VT exercises in marirelated areas.The five North-East
Atlantic MSs have 188 million people (37% of EU pégiion), a GDP of 5,778 billion (42%
of EU GDP) and a EEZ covering over 5.8 million(#4% of EU EEZ). How these member
states implement the MFSD will affect a large pmbipo of the EU's people and economy

and most significantly its marine area.
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