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CERCLA Comprehensive Environmental Response, Compensation, and Liability Act

CPI Consumer Price Index

ELD Environmental Liability Directive

EPA Environmental Protection Agency

ESVD Ecosystem Services Valuation Database

EVRI Environmental Valuation Reference Inventory

EU European Union

GEVAD Greek Environmental Valuation Database

HEA Habitat Equivalency Analysis HEA

IUCN International Union for Conservation of Nature

MORA Modelo de Valoracién del Riesgo para el Medio Ambiente y la Salud
(translates to: Risk Assessment Model for the Environment and Health)

NbS Nature based Solutions

OPA Oil Pollution Act

PPPI Purchasing Power Parity Index

TEEB The Economics of Ecosystems and Biodiversity

UNEP United Nations Environment Programme

WCMC World Conservation Monitoring Centre
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Executive Summary

The objective of this report is to contribute to the economic assessment of environmental damage,
specifically focusing on the cost of biodiversity, by employing a "benefit (cost) transfer" methodology.
The aim is to adapt the cost estimates of selected damage cases, representing different risk categories,
to the Greek context. The initial step involves identifying the methodologies used by various countries
to estimate the financial impact of environmental damages, including the costs associated with their
remediation and compensation. Additionally, the report will examine the tools employed to assess
these costs. Next, a benefit (cost) transfer method is applied. This method enables the application of
existing valuation estimates to assess the economic implications of environmental factors in different
settings, making the valuation process more efficient and cost-effective. Based on a review analysis
(regarding valuation studies which are focusing on the environmental cost of accidents/damages), it
became evident that the characteristics and features of the existing studies hinder the effective
implementation of the conventional cost-transfer approach in the context of Greek conditions.

Therefore, instead of relying solely on a conventional cost-transfer approach based on research related
to environmental accidents, a novel and innovative methodology has been developed to evaluate the
monetary value of environmental damages. This approach goes beyond traditional methods by
disaggregating natural capital losses resulting from potential pollution incidents into value losses in
three key areas: soils, water resources, and biodiversity/ecosystem services.

Specifically, the methodology takes into account valuable insights gained from previous analyses,
including international practices in assigning monetary values to soils, water resources, and
biodiversity. It also considers the actual dynamics and physiological aspects of environmental damages
in the real world. In this context, the total costs associated with a damage extend beyond the expenses
incurred for remediation actions and encompass the social welfare that is foregone due to the
occurrence of the damage.

By adopting this new methodology, a more comprehensive assessment of environmental damages can
be achieved, incorporating both tangible and intangible factors. Furthermore, this new methodology
offers a more holistic understanding of the economic implications (costs and values) associated with
environmental damages, moving beyond the mere consideration of remediation costs.

MNepiAnyn Tou napadoteou

O otoxo¢ autol Tou TapadoTEou eival Vol GUUBAAEL OTNV OLKOVORLKN EKTLUNGN TNG TEPLBOAAOVTLKAC
Inuiag, eoTLAlOVTOG CUYKEKPLUEVA OTO KOOTOG TNG BlomolkAoTNTAC, LECW TNG EDAPUOYAG TNG LEBOSOU
™G «peTadopds opéloug (kdotoug)» (Benefit-cost transfer). Zuykekpilpuéva emdlwketal n Suvatdtnta
EKTILNONG TOU KOOTOUC YLt ETIAEYUEVEG TIEPUTTWOELC TIEPLBOAAOVTIKWY {NULWV/ATUXNUATWY, TIOU
QVTLITPOCWTEVOUV SLAPOPETLKEG KATNYOPLEG KLvOUVOU, 0To EAANVIKO TAaioLo. To apxtkod oTadLlo AUTAC
™m¢ OSwadikaociag mepllapPdvel Tov TPOCSIOPOPO TWV  ONUOVIKOTEPWY HEBOSdWV  Tou

LIFE PROFILE has received funding from the LIFE Programme of the European Union and the Green Fund.

ra

Mg . L o

3 Nepifadhovrind .57 L
_ IupouhsuTixi K won

£XVIKO Aot

EAAHNIKH AHMOKPATIA
Edvikév kan KanoSarpiakéy

M‘@vﬁ
>

yriovereio
| repieanontox
& ENEPFEAT
TMavemaripiov ABnviy
IAPYSEN TO 1837




life

Xpnolgomolouvtal and Sladope; XWPES YO TNV EKTIUNCN TWV OLKOVOULKWVY ETUTTWOEWY TWV
nepBarloviikwy InpUlwy, cupmeplapBavouévwy Twv damoavwy Tou cuvléovtal e OPAOELS
QIOKATAOTAONG KOl anolnuiwong. Itn ouvexela efetalovtal Ta epyadeia TOU XpNOLUOMOLOUVTOL VLo
v afloAoynon autol Tou Kootoug. AkolouBel n edappoyr tng HeBodou petadopds odpéAoug
(kdotoug), n omola oTOXEUE OPXLKA OTNV XPHON UPLOTAUEVWY HEAETWV/EPEUVWV OMOTIKHNONG TOU
KOOTOUC TWV OLKOVOULKWY ETIUMTWOEWY TWV TEEPLBOAAOVTIKWY OTUXNUATWV/INULIWY O SLadOPETIKEC
neploxéc/olkoouothpata. Qotoéoo pe Baon tn PLPAoypadLkr) avooKOTNGon TIOU TPAyUOTONoL0nKe
(oxetkd pe peléteg amotipnong mou £otdlouv oto MePLBAANOVTIKO KOOTOG atuxnUatwv/InuLwy),
KOTEOTN TPOPAVEG OTL O ULIKPOG aplOUOC AN KOL TOL XOPOKTNPLOTIKA TWV UPLOTAUEVWY LEAETWV
KoBlotoluv MOAU &UoKOAN, HAAov adlvatn, MLO ONMOTEAECUATIK edappoyr TNG CUMUPATLIKAC
TPOCEYYLONG «UETAPOPAC KOOTOUC» OTO MAALOLO TNG EAANVLKNAC CUVONKEG.

Emopévwc, avti va BacloToUHE ATIOKAELOTIKA OE LA OUUPBATIKY TTPOCEYYLON HETAPOPAG KOGTOUG TTIOU
Bo Slepeuva OTOKAELOTIKA HEAETEG AMOTIUNONG TOU KOOTOUG TWV MEPLBAANOVIIKWY ATUXNUATWY,
avamtuxOnke pla véa Kal Kawotopog pebodoloyia yia tnv afloAdynon tng xpnUaTtikng aflag twy
TEPLBAAAOVTIKWV {NULWV. AUTHA N VEQ TIPOCEYYLoN UTEpPALVEL TIC TTapadootakeg HeBodoug petadopdc
KOOoTOUC, avahlovtog Eexwplota (kat StadopeTikd) Tig anwleleg puaikol kedaAaiou OV TPOKUTITOUV
oo TBaVA MEPLOTATIKA PUTIAVONG O€ AMWAELEG alag yia: To £6adog edadn, Toug USATLKOUC TTOPOUG
KOLL TLG OLKOOUGOTHLKEG UTINPECLEG | AAALWCE TN BloTtoKAOTNTA.

JUYKeKPLUEVQ, N pebBodoloyia auth AauBdvel umopn TG MOAUTIUEG YVWOELG TIOU amokThOnkav amno
™V BBALoypad LK avaoKOTINGON KoL VAAUGH, CUUTTEPIAABAVOUEVWY TWV SLEBVWV MIPAKTIKWY Lo TNV
anodoaon xpnuoatikng atlag (kdotoug) oto £6adog, Toug vdatikolg MOPOUC Kol T BlomokIAGTNTA.
Aappavel emiong umtdoyn TV olkovouLkr Sldotaon Tou i6Lou Tou GUGLKOU OVTIKELLEVOU TIOU e€eTAlEL
Kol to L8laitepa XapoKTNPELOTIKA Twv TEPPBAAAOVTIKWY {NUIWV/EMUTTWosWY KAOe Suvntikou
otuxApoTog otov puokd meptBalov (Sivovtag Boputnta ota UGLOTAUEVA XOPAKTNPLOTIKA/oTnV
molotnTa Tou KABe olkoouoTApATOoC og KABOe Sebopévn xpovik otyun)(. Ze autd to mAaiolo, to
OGUVOALKO KOOTOG ToU OXeTiletal pe pia Inuid/atuxnua Sev meplopiletal otnv ektipnon twy damovwv
mou mpaypotonoBnkav (1 Ba mpémnel mpaypotononBolv) yla SpACELS amoKoTACTAoNG AAAG
nepAaBAVEL TO GUVOAOD TNG KOWWVLKAC EUNKEPLAC TTOU YAVETAL AOYW TNG POKANONG TNC {NULag.

Me tnv uloB£tnon autng g véag pebodoloylag, pmopel Aoumov va eriteuxBet Lo o oAoKANpwHEVN
EKTLLNGON TOU KOOTOUG TV EPLRAANOVTIKWY ATUXNUATWV/INULWY, EVOWLATWVOVTOC TO00 UALKOUG 660
KoL AUAOUG tapdyovTeq. EmumA£oy, auth n véa pebodoloyia poodEPEL pLa TILO OALOTIKA KATavonon
TWV OLKOVOULKWVY ETUMTWOEWV (KOOoTOG Kal afia) mou oxetilovial Pe TG MePBAAAOVTIKEG {nieg,
minyaivovtag éva Brpo mapamépa amno tnv anAn e€£tacn Tou KOOTOUG OIMOKATACTACNC.
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1. Introduction

The aim of this report is to contribute to the economic appraisal of the environmental damage (and
especially on the cost on biodiversity)! based on a “benefit (cost) transfer” methodological framework,
which will be able to adjust the cost of selected damage cases (i.e. selected risk categories) to the
Greek setting. This method should make use of all the available international and Greek experience by
reviewing the relevant literature (peer reviewed publications as well as grey literature and official
reports). The first step aims at identifying the methodologies followed by various countries to estimate
the financial impact of environmental damages with regard to their remediation and compensation
costs, as well as the tools used in order to assess these costs according to the type of damage that was
occurred (directly or indirectly), its magnitude and its severity. Greater emphasis is given to
studies/cases with characteristics that are similar to the Greek environment and setting.

Originally, the benefit (or cost) transfer method refers to the transfer of economic values/benefits
(costs) of a particular environmental or non-market resource - estimated in previous studies - to a
different location or context (Carson and Mitchell, 1993). It operates under the assumption that the
economic value of a resource or environmental attribute can be applied to other settings, provided
that certain conditions and characteristics remain similar (Freeman, 1993). It relies on the availability
of previous (primary valuation) studies that have already assessed the economic value of the resource
or the economic cost of an incident (environmental damage). These studies can include stated
preference methods (e.g., contingent valuation, choice experiments) and/or revealed preference
methods (e.g., hedonic pricing, travel cost method) in order to provide the basis for transferring values
to the target location (Johnston and Rosenberger, 2010). The validity and reliability of this
methodological approach depend on the quality and comparability of the primary valuation studies
used for the benefit (cost) transfer. It is therefore very important to critically assess and select the
appropriate/relevant studies to ensure valid results.

Hence, such a cost-transfer approach necessitates the application of statistical analysis of the existing
experience with monetary valuation regarding the impacts of events that have already occurred. In
this framework the existing published studies should be reviewed. However, the findings of this review
analysis, as it is going to be presented in the following section (Section 2), indicate that the
characteristics and the properties of the existing studies do not permit an effective implementation of
the conventional cost-transfer approach to the Greek conditions (originally described as Step 2 of the
Action B2). In this context, a novel methodological cost-transfer framework was developed that takes

! The methodology of action B2 should be able to deal with both ex-ante and ex-post evaluation. Namely, it
should assess in monetary terms the impact of accidents already occurred, as well as of potential accidents
(i.e., future/potential events). Such a methodological framework should be based in the field of environmental
economics, which systematically deal with the monetary valuation of the environment and natural resources.
At the same time the methodology should address the requirements of the Environmental Liability Directive
(ELD) implementation by public authorities and financial security (insurance) industry.

LIFE PROFILE has received funding from the LIFE Programme of the European Union and the Green Fund.
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into account the actual physiology of environmental damages in the real world. This method is
presented in Section 3.

2. Methodologies and tools used for the Implementation of the ELD
2.1 Methodologies and tools used in EU countries and in USA

2.1.1 Methodologies

The Environmental Liability Directive (ELD) provides a framework for preventing and remedying
environmental damage. While the ELD sets out the general principles and requirements, the specific
methodology for assessing environmental damage costs is likely to vary among the European Union
(EU) member states based on national legislation, available data, and the guidance provided by
regulatory agencies or competent authorities responsible for implementing the ELD within each
country. In 2019, the work on improving the evidence base resulted in the establishment of 28 Member
State fiches on the implementation of the ELD in each country (legal framework, administrative
structure, facts and figures on ELD cases). Since May 2020, country fiches have been established on
financial security for environmental liabilities. From these reports, it is possible to extract some basic
information related to the range of environmental damage costs (highest and lowest values) as
estimated in several countries. Figures 1a and 1b present these values for all countries where the
lowest and/or highest cost estimates were publicly available?.

lowest cost

I 25.000

764

Figure 1a. Lowest cost of environmental damage per country (based on 2020 State fiches)

2 Among the EU countries, lowest and/or highest cost estimates are publicly available for Belgium, Bulgaria,
Finland, Greece, Italy, Ireland, Lithuania, Romania, Slovakia and Spain. Average cost estimates were also
available for Hungary and Sweden.
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highest cost

I 100.000.000

88.663

Figure 1b. Highest cost of environmental damage per country (based on 2020 State fiches)

Among the EU countries, three countries seem to have advanced a little further than most others in
developing their own distinct methodologies for assessing environmental damage costs under the ELD:
Italy, Spain and the Netherlands.

The implementation of the ELD in Italy, Netherlands, and Spain involves various calculating tools and
methodologies to determine the extent of the environmental damages caused by the polluter, i.e., to
ensure that polluters are held accountable for the environmental damages they cause. These countries
have invested efforts in developing methodologies that align with the requirements of the ELD in: (a)
restoring the damaged ecosystem to its pre-incident condition, (b) compensating for any lost
ecosystem services, and (c) mitigating any adverse effects on human health and well-being. Their
methods and tools include (among others):

1. Risk assessment models: Risk assessment models are used to assess the likelihood and severity
of environmental damage caused by a particular activity or process. These models take into
account factors such as the type of pollutant, the sensitivity of the affected ecosystem, and the
potential impact on human health.

2. Environmental impact assessments: Environmental impact assessments are used to assess the
potential environmental impacts of a proposed project or activity. They take into account factors
such as the location of the project, the type of activity, and the potential impact on local
ecosystems.

3. Damage assessment methodologies: Damage assessment methodologies are used to determine
the extent of the environmental damages caused by a polluter. These methodologies take into
account factors such as the cost of restoring the damaged ecosystem, the loss of ecosystem
services, and the potential impact on human health.

LIFE PROFILE has received funding from the LIFE Programme of the European Union and the Green Fund.
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In Italy, the Ministry of the Environment has developed a methodology for assessing the cost of
damage to natural resources, which includes the cost of remediation and restoration. The
methodology takes into account the cost of restoring the damaged ecosystem to its pre-incident
condition, including the cost of removing pollutants, restoring the affected habitat, and mitigating any
adverse effects on ecosystem services. The methodology also considers the potential economic losses
resulting from the damage, such as losses in tourism revenues or decreased agricultural productivity.

In the Netherlands, the Ministry of Infrastructure and Water Management has developed a
methodology for calculating the cost of remediation and restoration, which takes into account the cost
of removing pollutants, restoring the affected ecosystem, and compensating for any lost ecosystem
services. The methodology also considers the potential economic losses resulting from the damage,
such as losses in recreational activities or decreased property values.

In Spain, the Ministry for Ecological Transition and the Demographic Challenge has developed a
methodology for assessing the cost of damage to protected species and habitats, which includes the
cost of remediation and restoration. The methodology takes into account the cost of removing
pollutants, restoring the affected habitat, and mitigating any adverse effects on biodiversity. The
methodology also considers the potential economic losses resulting from the damage, such as losses
in the value of ecosystem services or decreased opportunities for sustainable use.

Of particular importance in all three countries’ methodology are the (economic) damages to
biodiversity. Biodiversity is a critical component of healthy ecosystems, and any damage to it may have
significant impacts on the overall health and functioning of an ecosystem. By quantifying the economic
losses incurred due to biodiversity damage, polluters can be held accountable for the full range of
environmental harm they cause, leading to more effective enforcement and incentivizing responsible
environmental practices. They aim to capture the direct and indirect economic costs associated with
the degradation or destruction of biodiversity, including the impacts on ecosystem services, ecological
functions, and the potential long-term consequences for human well-being.

For example, in Italy, the methodology for assessing the cost of damage to natural resources considers
the impact of the damage on biodiversity by including the loss of species and habitats. Namely, the
methodology considers the cost of restoring the affected habitat and mitigating any adverse effects
on biodiversity, as well as the potential economic losses resulting from the damage. The Dutch
methodology takes into account the cost of restoring the affected ecosystem and compensating for
any loss of ecosystem services, as well as for the potential economic losses resulting from the
environmental damage. Finally, in Spain, the methodology for assessing the cost (damage) on
biodiversity considers the cost of restoring the affected habitat and mitigating any adverse effects on
biodiversity, as well as the potential economic losses resulting from the damage. The methodologies
followed by all three countries are quite comprehensive, but there are some limitations and challenges
that could affect the accuracy of their estimates. Some of their most important limitations are the
following:

LIFE PROFILE has received funding from the LIFE Programme of the European Union and the Green Fund.
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1. Lack of data: One of the challenges in estimating the cost of biodiversity damage is the limited
availability of reliable data on the value of ecosystem services and the cost of restoring damaged
ecosystems. This can make it difficult to accurately estimate the true cost of environmental
damages and the potential economic losses resulting from the damage.

2. Difficulty in valuing non-market goods: Many of the benefits provided by ecosystems, such as
clean air and water, recreation, and cultural values, are difficult to value in economic terms. As
a result, the methodologies used for estimating the cost of biodiversity damage may not fully
capture the value of these non-market goods.

3. Difficulty in predicting long-term impacts: The long-term impacts of environmental damage on
biodiversity are often difficult to predict, as they may take years or even decades to fully
manifest. As a result, the methodologies used for estimating the cost of biodiversity damage
may not fully capture the full extent of the long-term impacts of environmental damage.

4, Challenges in measuring ecosystem services: Ecosystem services are often difficult to measure
and quantify, which can make it challenging to accurately estimate the cost of environmental
damages and the potential economic losses resulting from the damage.

It should be mentioned that in United States, the methodologies used to calculate environmental
damage costs are guided by a range of federal and state laws, regulations, and policies and are quite
different from those used in Europe. One important law that guides the calculation of environmental
damage costs in the US is the Comprehensive Environmental Response, Compensation, and Liability
Act (CERCLA), also known as the Superfund law. CERCLA provides a framework for the cleanup of
hazardous waste sites and requires that those responsible for the contamination of a site be held liable
for the costs of cleanup and any resulting environmental damage?.

The US government has developed a range of methodologies for the calculation of environmental
damage costs under CERCLA, which are based on the restoration of natural resources that have been
damaged or lost due to environmental contamination. These methodologies may include approaches
such as the Replacement Cost Method® which estimates the cost of replacing the lost natural
resources with equivalent resources, and the Habitat Equivalency Analysis (HEA) method, which
estimates the value of lost natural resources based on the cost of restoring equivalent habitats or

3 In addition to CERCLA, other federal laws such as the Oil Pollution Act of 1990 (OPA) and the Endangered
Species Act (ESA) also provide guidance on the calculation of environmental damage costs in specific contexts,
such as oil spills and harm to endangered species.

4 For example, if a wetland has been contaminated and lost due to hazardous waste, the RCM would estimate
the cost of constructing a new wetland in a different location to replace the lost wetland.

LIFE PROFILE has received funding from the LIFE Programme of the European Union and the Green Fund.

ra

Mg . e

3 Nepifadhovrind .57 L
_ IupouhsuTixi K won

£XVIKO Aot

EAAHNIKH AHMOKPATIA
Edvikév kan KanoSarpiakéy

M‘@vﬁ
>

yriovereio
| repieanontox
& ENEPFEAT
TMavemaripiov ABnviy
IAPYSEN TO 1837




life

PR F

ecosystem services®. The latter is commonly used for the assessment of natural resource damages
under the Oil Pollution Act of 1990 (OPA), which applies to oil spills.

2.1.2 Tools

To better design an appropriate tool for estimating the environmental damage costs we relied on two
existing and well tested tools: (a) the Habitat Equivalency Analysis (HEA) and (b) the Spanish Risk
Assessment Model for the Environment and Health (MORA).

The Habitat Equivalency Analysis (HEA) method identifies as a key tool for many countries (but mainly
use in the US) in estimating the environmental damage®. It is a comprehensive approach that can be
used to estimate the cost of environmental damages and to determine the amount of restoration or
compensation required to restore the damaged ecosystem to its pre-damage condition. It should be
noticed that HEA focuses on complete, in-kind replacement of services lost between the time of impact
and when the restored or created habitat becomes fully functional (See Figure 2).

A Restoration B

£ £

@ 7

< Lost <

= Services = Recov.ered
g 2 Services

= =l

[ &

Impact Full Recovery Impact Full Recovery

Figure 2. Estimation of (a) lost services and (b)recovered services (King, 1997; Ray, 2008)

Conceptually, the method proceeds in the following steps:

1. Determine the extent and severity of the damage: The first step is to assess the extent and
severity of the damage to the ecosystem. This might involve collecting data on the size and
location of the damaged area, the types of habitats and species affected, and the degree of
contamination or physical damage.

2. Identify the baseline condition: The next step is to establish a baseline condition for the
ecosystem, which represents the state of the ecosystem before the damage occurred. This might

5 For example, if a river has been contaminated and lost due to hazardous waste, the HEA would estimate the
value of restoring the river to its previous condition.

6 Habitat Equivalency Analysis (HEA) is a method developed by the National Oceanographic and Atmospheric
Administration (NOAA) to scale compensation for habitat damage resulting from oil spills and other
contaminant-related impacts (NOAA 1997).
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involve collecting data on the types of habitats and species present, the ecological functions and
services provided by the ecosystem, and the cultural and economic values associated with the
ecosystem.

3. Estimate the value of the damage: The HEA method involves estimating the value of the damage
in monetary terms, which includes the cost of restoring the ecosystem and compensating for
any lost ecological functions or services. The value of the damage might be estimated using a
combination of approaches, such as the resource-to-resource method, contingent valuation, or
expert elicitation.

4, Determine the amount of restoration or compensation required: Once the value of the damage
has been estimated, the next step is to determine the amount of restoration or compensation
required to restore the damaged ecosystem to its pre-damage condition. This might involve
identifying specific restoration activities, such as habitat restoration, species reintroduction, or
pollution cleanup, and estimating the cost of these activities.

5. Determine the appropriate restoration timeline: The final step is to determine the appropriate
timeline for restoration or compensation. This might involve considering factors such as the rate
of recovery of the ecosystem, the ecological and cultural values at stake, and the practical
constraints on implementing restoration activities.

Another comprehensive model (methodology and computer application), which is designed to
estimate the replacement costs of environmental damage caused by various pollutants is the Spanish
MORA model. The MORA model stands for “Modelo de Valoracion del Riesgo para el Medio Ambiente
y la Salud”, which translates to Risk Assessment Model for the Environment and Health. This
methodology and the computer application facilitate the choice of the best available techniques
considered necessary to return natural resources and the services they provide to their original
condition after environmental damage.

The MORA model takes into account a range of factors, including the volume and type of pollutants,
the characteristics of the affected ecosystem, and the potential impact on human health. The model
also considers the costs of both short-term and long-term remediation and restoration measures, such
as cleanup operations, monitoring, and habitat restoration.

The MORA model is designed to be flexible and adaptable to different types of accidents and
environmental conditions. Hence it can be used to estimate the costs of environmental damage in
different types of ecosystems, such as coastal areas, estuaries, and open seas. This (voluntary and not
legally binding) tool enables operators, on the one hand, to know if they are required to provide a
financial security, and calculate its amount; and on the other, to evaluate the potential damage
associated with their risk scenarios, allowing them to manage their own environmental risk’.

7 https://www.miteco.gob.es/es/calidad-y-evaluacion-ambiental/temas/responsabilidad-
mediambiental/guidancedocumentforthedevelopmentofera_tcm30-535234.pdf
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There are some limitations of the MORA model that should be considered when using it to estimate
the costs of environmental damage. Some of these limitations include:

1. Data availability: The accuracy of the estimates generated by the MORA model depends on the
availability of accurate and reliable data. Obtaining comprehensive and up-to-date data on
pollutant concentrations, exposure pathways, and population characteristics can be challenging
If data is incomplete or inaccurate, this can lead to inaccuracies in the estimates.

2. Uncertainty: The MORA model uses a probabilistic approach to estimate the costs of
environmental damage (especially those related to health effects), which means that there is
always some degree of uncertainty associated with the estimates. This uncertainty can be
difficult to quantify and can lead to difficulties in decision-making.

3. Complexity: The MORA model is a complex and technical methodology that requires a high level
of expertise to use effectively. This can make it difficult for non-experts to understand and use
the results generated by the model.

4, Assumptions: The MORA model relies on a number of assumptions about the behavior of
pollutants and the response of ecosystems to environmental damage (for example, it doesn’t
take into consideration the cumulative effects of various pollutants as it typically assesses the
risk of individual pollutants independently). If these assumptions are incorrect, this can lead to
inaccuracies in the estimates.

5. Limited scope: The MORA model is primarily designed to estimate the costs of environmental
damage caused by chemical pollution. It may not be applicable in other contexts or for
estimating the costs of damage caused by other types of environmental incidents (e.g. radiation,
fire, etc).

It is worth mentioning that the MORA model offers significant input, for the Greek methodology as it
directly aspires the implementation the ELD.

2.2 Methodologies and tools used in Greece

In Greece, the methodology for calculating environmental damage costs is grounded in the
precautionary principle, which emphasizes the need to take preventive actions to avoid harm to the
environment, even in situations where scientific evidence may be uncertain or incomplete. This
principle serves as a guiding framework, ensuring that protective measures are implemented to
safeguard the environment and mitigate potential risks. Additionally, Greece follows the polluter-pays
principle, which holds those responsible for causing environmental damage accountable for the costs
associated with remediation and restoration efforts. By incorporating the precautionary principle and
the polluter-pays principle, Greece's methodology for calculating environmental damage costs
emphasizes proactive measures to protect the environment and assigns responsibility to those who
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cause harm. This approach ensures that the potential impacts of uncertain or incomplete scientific

evidence are taken into consideration while holding polluters accountable for their actions.

Furthermore, the methodology used in Greece for the calculation of environmental damage costs is

based on the principles of valuation and restoration, which is commonly used in other European

countries. This methodology involves the assessment of the environmental damage caused by an

accident or incident, followed by the calculation of the cost of remediation and restoration (by

considering the expenses required to mitigate and repair the damage caused).

Table 1. Aggregated facts and figures on costs of incidents of environmental damage in Greece based
on the country’s fiche (2019)

No. of cases Average
Average cost Highest/lowest where liability costg Average Average cost
of cost of was identified cost of of
. . . borne by . . 4
environmental environmental and attributed liable preventive remediating
damage damage to private . measures the damage
parties
operator (PPP)
The case of
remediation of a
recycling facility
after a fire
incident in 2015,
has been
estimated at 5
million euros
(remediation €60,000 on
measures are average per
ongoing) case.
Exceptionally,
€ 60,000 for In 2014 it was . Not € 60,000 the cost of
the reporting . Not publicly . one A
. submitted the ] publicly remedies in
period 2007- . . available : average
implementation available one case
2013 . . per case
of a pilot project exceeded
for underground the amount
water of
remediation in €1,000,0008

AsOpos river
basin. The project
was approved in

2016. Still on

going, with a
reported cost up

to now 2 million
euros

8 Commission Staff Working Document Refit, Evaluation of the Environmental Liability Directive, Brussels,

14.4.2016, p. 34.
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Concerning the latter (the methodology used for the calculation of environmental damage costs), it is
typically based on a resource-to-resource approach. This approach involves identifying the natural
resources that have been damaged or lost due to an environmental incident and estimating the value
of those resources in monetary terms. The cost of remediation and restoration is then calculated based
on the estimated value of the damaged or lost resources similar so other EU countries and the US.

It is also worth mentioning that so far, all Greek events have been assigned with a cost defined
exclusively on administrative ground and based on the significant experience of Greek authorities.
These costs are mainly reflecting the mitigation cost (i.e., the cost of effective clean-up operations that
are able to prevent damage extension), plus the primary remediation costs. However, remediation
costs are usually ignoring the actual costs of environmental externalities related to the various effects
to biodiversity, habitats and water resources. Table 1 Presents the aggregated facts and figures on
costs of incidents of environmental damage in Greece based on the country’s fiche (2019) — an
overview of the implementation of the ELD in all Member States®.

3. Benefit (cost) transfer method

A benefit (cost) transfer method is employed when conducting original economic valuation studies
may be impractical, costly, or time-consuming. Instead, researchers select this method and utilize
existing studies that have already estimated the economic value (or cost) of a particular environmental
good/service (or damage) and transfer those estimates to a new context.

The first step of a benefit (cost) transfer method is to identify existing studies or values that can be
used for the transfer. In this case, the researcher would look for studies that value the (cost of)
environmental damage (and especially the cost on biodiversity). It should be noted that the impacts
(costs) of activities on the environment and natural resources are mainly impacts on non-market assets
whose contribution to the (socio)economic welfare evades the context of existing exchangeable goods.
According to the standard economics, those impacts are characterized as negative externalities of the
industrial activities (or manmade disasters) whose management makes necessary their monetary
valuation.

The second step is to decide whether the existing values (i.e., the results of the relevant valuation
studies, as identified in step 1, are transferable). Existing values (or studies) would be evaluated based
on several criteria (King et al., 2000), such as:

- Are the accidents (environmental damage) being valued comparable to all potential accidents
that may occur in Greece?

9 https://circabc.europa.eu/ui/group/cafdbfbb-a3b9-42d8-b3c9-05e8f2c6a6fe/library/82e90a00-fa70-4af6-
bc4b-ab54207b1694?p=1&n=10&sort=modified_DESC
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- Some factors that determine comparability are similar types of sites (e.g., the same
ecosystems/biomes), similar quality of sites (e.g., water quality, ecosystem services, soil
quality, biodiversity)

- Are characteristics (e.g., demographics, socioeconomic characteristics) of the relevant
population comparable? If not, are data available to make adjustments?

In order to answer these questions, the existing studies published were reviewed (see the relevant list
in the Annex C: “Publications with valuation studies regarding disaster/accidents costs). Based on these
finding, it can be concluded that, so far, there is no standard (peer reviewed) methodology linking the
externalities caused by environmental accidents with their monetary value. The existing
methodologies lead to estimates of the total cost that incorporate the operational costs of certain
actions, prevention, and remediation, without reference to the degree of recovery, to the welfare
losses, and to the remaining damages after remediation. On the other hand, a few studies are trying
to estimate the damage cost based on the social welfare losses, without reference on operational,
prevention and remediation costs. Stated (e.g., contingent valuation) and revealed preferences (e.g.,
hedonic pricing, travel cost method, etc.) non-market valuation methods are applied to evaluate the
welfare losses due to the environmental damages/accidents.

Hence, the results of the comprehensive literature review concerning international industrial accidents
and relevant pollution incidents suggest that the estimated costs are based on specific cases associated
with a limited range of pollution/accident scenarios. The majority of these scenarios pertain to oil spills
in coastal or marine environments, as well as pollution of surface and groundwater resources.
Consequently, there are very few studies available that examine the costs related to biodiversity, soil
resources, and the value of lost ecosystem services. Additionally, most existing studies do not
distinguish or include the external costs associated with soil, water, and biodiversity, which makes it
challenging to utilize these findings in line with the requirements of the ELD and the objectives of the
Life-Profile project. Another issue encountered was the lack of specificity (dimensionality) in the
estimated costs. In many cases, the costs were presented as totals rather than being broken down per
action, making it impossible to directly determine the costs for specific actions using the cost transfer
technique. Consequently, based on this review analysis (step 1), it is evident that the characteristics
and features of the existing studies hinder the effective implementation of the conventional cost-
transfer approach in the context of Greek conditions.

3.1 Development of a novel cost-transfer methodology in order to address the
challenges arising from data/studies availability

The international experience, and particularly the Spanish free monetization tool for environmental
damage (MORA), provides valuable insights that can inform the development of the Greek
methodology, particularly in aligning with the goals of the ELD. However, these methodologies have
raised significant methodological concerns. One major drawback is their underlying assumption that
remediation actions can fully restore the environment and effectively "neutralize" the environmental
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damages. This assumption proves to be highly unrealistic, especially when it comes to impacts related
to biodiversity. Biodiversity losses are often irreversible, and the restoration of ecosystems to their
original state is challenging or even impossible in certain cases. Therefore, it is crucial to address this
limitation and consider the long-term and irreversible nature of biodiversity impacts. The LIFE-Profile
methodology should thus account for the ongoing and potentially permanent losses associated with
biodiversity damages, as well as the limitations of remediation actions in fully restoring affected
ecosystems. By doing so, it will be possible to provide a more realistic and comprehensive assessment
of the true costs and damages incurred by environmental pollution incidents, including those affecting
biodiversity.

The conventional cost-transfer method was initially considered the most suitable methodology for this
purpose. However, the aforementioned findings (i.e., the dataset limitations) make necessary to
deviate from the original description of the cost transfer methodology. Therefore, rather than
employing a traditional cost-transfer approach relying on research (studies) related to environmental
accidents, a new and innovative methodology has been devised to assess the monetary value of
environmental damages. This approach differentiates (i.e disaggregates) natural capita losses (due to
potential pollution incidents) into value losses (costs) in soils, water resources and
biodiversity/ecosystem services.

This new methodology takes into account the insights gained from previous analysis - including the
international experience in assigning monetary value to soils, water resources and biodiversity - also
considering the actual dynamics (physiology) of environmental damages in the real world. In this
context, the total costs associated with a damage should encompass not only the expenses incurred
for remediation actions but also the social welfare that is forgone due to the occurrence of the damage.
This approach accommodates cases where complete restoration of the environment is not achievable
through remediation actions or where the time required for remediation is extensive, resulting in
significant welfare losses. As a result, the forgone welfare accounts for the losses experienced until the
environmental restoration is fully realized, as well as the ongoing destruction and irreversible
damages. The main challenge of this methodology was to estimate the cost of environmental damage
on biodiversity, while its main objective was to generate monetary values that can feed all the
following methods, which were introduced by the ELD.

J resource to resource (restoration cost) _ _ )
Linked to the restoration actions
o service to service (restoration costs) and costs

. value to value } Linked to the magnitude of the
forgone utility°
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. value to costs

In particular, a “resource to resource” method will be applied for soil damages (taking into account
the observable, in actual markets for soil, engineering costs)!* and a “service to service” method will
be applied for water-related damages, by using market costs (i.e. direct), and external costs (i.e.
environmental and resource costs), following the Water Framework Directive recommendations
regarding the full cost pricing of water resources)!?. Since biodiversity is an integrated resource,
focusing solely on the impacts to individual species is considered inadequate when addressing
biodiversity damages. As a result, "resource to resource" and "service to service" approaches were
deemed insufficient for accurately assessing the impacts on biodiversity. The multidimensional nature
of biodiversity, stemming from complex interrelationships among habitats and species, necessitates
an approximation of its impacts. These impacts are assessed by considering the society's foregone
welfare or benefits, as well as the losses or impacts on various ecosystem services. Additionally, the
location and natural environment surrounding the pollution incident are intertwined with biodiversity.
As a consequence, a “value to value” and/or “value to cost” approach is designed and applied for the
case of biodiversity damages, by combining benefit (cost) transfer and non-market valuation
techniques. This procedure ultimately yields the evaluation of remaining impacts after restoration,
encompassing both irreversible effects and the estimation of benefits forgone until the restoration
process is finalized.

The conceptual framework of this methodology (i.e. the different estimates for soil, water and
biodiversity) has been initially reflected in a simplified spreadsheet (Microsoft EXCEL) model which has
been used in the meetings-workshops with stakeholders as shown in Annex A. Subsequently, an
ongoing process has been followed in order to link the findings of Action B1 (impact model) of LIFE
Profile with the Action B2, and particularly with the development of a novel cost-transfer approach.
The objective of this ongoing procedure was to continuously enhance the original simplified model
presented in Annex A, by taking into account:

e the Greek conditions and the characteristics of the Greek natural environment
e the implementation requirements of ELD

e the needs of the Greek stakeholders and the preferences of Greek citizens

e the available international experience

To achieve this goal, the following steps were undertaken: (a) multiple working meetings were
conducted among the project partners, and (b) an expert consultation process was initiated. The
involvement of six environmental inspectors and the environmental prosecutor proved to be
particularly significant during meetings and interviews, enabling the adaptation of the methodology to
comply with the requirements of Greek legislation.

10 Foregone utility defines a cost of the damage, which, when incurred by the “polluter” can be used to fund
“value to value” and “value to cost” projects.

11 Based on this approach, no foregone welfare is envisaged with regard to soil damages.

12 These values can be extracted at the local/regional scale from the water management plans
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3.2 Resource to resource and service to service estimations for the case of soil
and water resource pollution

Soil pollution refers to the presence of substances or organisms in the soil or subsoil that pose a
significant risk to human health, either directly or indirectly. To assess the cost associated with soil
pollution, our methodology relies on a "resource-to-resource" approach, which takes into account the
observable, in actual markets for soil, engineering costs. This approach involves gathering data from
various literature sources and databases. These databases can quantify the excavation, transport,
disposal of soil (e.g. Table 2: database from the EPA of Ireland) or the cost of particular remediation
techniques (e.g. Table 3: database used by the MORA tool in Spain). Additionally, specific cost
information related to Greece is also considered. For instance, the estimated cost for excavating,
collecting, packaging, and labeling contaminated soils (e.g., petroleum or asbestos-contaminated soils
in Drepano, in the prefectural unit of Achaia) is approximately €50 per cubic meter, while the (cross-
border) transport of contaminated soils was estimated to be equal to €500. This cost estimation serves
as a reference (baseline) point for any future assessment, with future efforts focusing to obtain the
most accurate soil cost approximations based on prevailing market conditions.

Table 2. Quantification and costing of plausible scenario from Ireland (EPA)

Description Measurement Unit Rate Source of Unit
Unit (3] Rates
Fire fighting day 20,000 Fire Service
Excavation and construction of temporary fire water unit 10,000 AB Contractor
containment
Transport of fire water tonne 50 Haulier Ltd
Disposal gate fee for fire water tonne 25 WWTP Ltd
Excavation of contaminated soil (non-hazardous) m3 10 AB Contractor
Transport of contaminated soil (non-hazardous) tonne 30 Haulier Ltd
Disposal gate fee for contaminated soil (non-hazardous) tonne 50 Waste Co.
Consultancy costs day 600 EC Environmental
Importation of topsoil tonne 11 Landscaping Ltd
Landscaping day 500 Landscaping Ltd
Decontamination of the building day 1750 ABC Cleaners
Transport of decontamination wastes tonne 30 Haulier Ltd
Disposal gate fee of decontamination waste tonne 50 Waste Co.
Surface water monitoring sample 130 EC Environmental
Groundwater monitoring sample 150 EC Environmental
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Air monitoring sample 200 EC Environmental
Ecological monitoring sample 1000 EC Environmental
Waste monitoring sample 200 EC Environmental

Table 3. Quantification and costing of soil remediation techniques (chemical damages) from Spain
(MORA model)

Technique Cost (€2010/t) Recovery time frame (years) ‘
Biopiles 135.49 0.75
Enhanced bioremediation 52.11 2.00
Oxidation/Chemical reduction 343.95 0.25
Solidification 299.00 0.50
Landfarming 52.11 0.75
Natural recovery 0.00 3.00

As already mentioned, the "service to service" method will be employed to evaluate damages related
to water, utilizing both market costs (direct water supply costs) and external costs (environmental and
resource costs). This approach aligns with the recommendations of the Water Framework Directive,
which advocate for the implementation of full cost pricing for water resources.

In order to evaluate the financial impact of water pollution, a comprehensive search was conducted in
the database of the Ministry of Environment and Energy of Greece, specifically focusing on all water
management plans across the country's water departments. The assessment of the full cost of water
resources took into consideration variations at a smaller spatial scale, specifically the water basin level.
Extensive data on water cost estimates, including monetary, environmental, and resource costs, were
gathered for the entire country. This data was then used to create a database encompassing the total
cost of irrigation water, as well as a separate database for the total cost of drinking water supply. These
two databases (Figures 3a, 3b) serve as reference costs estimations for determining the value of a unit
of water that may be compromised or lost due to any potential pollution incident.
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domestic water cost (€/m3)
I 0.403 - 0.92

I 092 - 1.01

B 1.01-1.19

[ 1.19 - 1.543
[11.543 - 2.208

Irrigation water cost (€/m3)
Il 0-0.029

I 0.029 - 0.048

[ 0.048 - 0.065

[ 0.065 - 0.14
[J]0.14-1.775

Figure 3b. Cost estimates of water resources - agricultural use (full cost pricing per river basin)

3.3 Value to value and value to cost estimations for the case of biodiversity

and/or ecosystem services

The estimation of biodiversity costs involves employing a value-to-value (or value-to-cost)
methodology. In order to do so, a benefit (cost) transfer method is followed, focusing on the foregone
(social) value due to biodiversity loss and/or due to the decline of ecosystem services (i.e. due to the
decline or impairment of the benefits that ecosystems provide to society).
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To achieve a desirable level of reliability in the benefit (cost) transfer, it was crucial to have access to
a substantial number of original studies. In this regard, the availability of searchable environmental
valuation databases could greatly facilitate the application of the benefit/cost transfer method in any
future policy- and decision-making process. These databases can serve as valuable resources,
streamlining the process of locating and retrieving relevant studies, ultimately enhancing the accuracy
and effectiveness of benefit transfer.

In this report, the total value of biodiversity was approximated by using two international
environmental valuation databases (benefit/cost transfer method). Specifically, the “Environmental
Valuation Reference Inventory” (EVRI) and the “Ecosystem Services Valuation Database” (ESVD) were
systematically searched, as they incorporate values for the majority of biodiversity resources, biomes
and ecosystem services. Following this process, average per hectare values, which have already been
estimated for a number of scenarios (differentiated with respect to the ecosystem affected by
pollution incidents) will be used. Next, these values are going to be calibrated to the Greek conditions,
aiming to take into account the characteristics of the Greek environment and people’s
preferences/values. The calibration to the Greek conditions will be achieved through a non-market
valuation study.

In this context, a brief discussion should be made on the two international databases (EVRI and ESVD),
which were used for the economic value of biodiversity/ecosystem services. First of all, the Ecosystem
Services Valuation Database (ESVD) is a global database that compiles information on the economic
value of ecosystem services (see Annex B1)3, is publicly available (https://www.esvd.net) and can be
used by researchers, policymakers, and other stakeholders: (a) to assess the economic value of
ecosystem services in different regions and (b) to support decision-making on conservation and
management. It should be noted that ecosystem services refer to the diverse range of benefits and
resources that ecosystems provide to humans and the natural environment. These services can be
categorized into four main types:

. Provisioning Services: including the tangible products obtained from ecosystems, such as food,
water, timber, and raw materials.

. Regulating Services: involving the regulation and maintenance of essential ecological processes,
including climate regulation, water purification, pollination, and flood control.

° Cultural Services: encompassing the non-material benefits that ecosystems offer, such as
aesthetic and recreational values, cultural heritage, spiritual enrichment, and educational
opportunities.

° Supporting Services: These services are the underlying ecological processes that sustain all other
ecosystem services (e.g. nutrient cycling, soil formation, and habitat creation).

13 The ESVD is maintained by the United Nations Environment Programme (UNEP) and the World Conservation
Monitoring Centre (WCMC).
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The ESVD database contains information on the economic value of ecosystem services in different
regions and ecosystems around the world. The database includes a number of studies that have
estimated the value of ecosystem services using a range of valuation methods, such as market-based
valuation, stated preference surveys, and cost-based approaches. However, it's worth noting that the
ESVD has some limitations. For example, not all ecosystem services have been valued, and there can
be variations in the methods and assumptions used to estimate the economic value of ecosystem
services.

The Environmental Valuation Reference Inventory (EVRI) EVRI database, which is also publicly available
(https://www.evri.ca/en) is quite similar to the ESVD. It is actually a searchable storehouse of empirical
studies on the economic value of environmental assets and human health effects. It covers various
environmental resources and ecosystem services, including but not limited to water resources, forests,
biodiversity, air quality, and cultural heritage.

It is worth mentioning that apart from the above two databases, there are several other databases
that provide information on the economic value of ecosystem services. Here are some examples:

. The Economics of Ecosystems and Biodiversity (TEEB) database: This is a global initiative that
aims to provide a comprehensive assessment of the economic value of ecosystem services. The
TEEB database includes case studies and other information on the economic value of ecosystem
services in different regions and ecosystems around the world.

. The GEVAD (Greek Environmental Valuation Database) database: GEVAD serves as an on-line
environmental valuation database developed by the National Technical University of Athens
(http://www.gevad.minetech.metal.ntua.gr/home.php). This database provides necessary data

to value environmental impacts of industrial activities in Greece and other European countries
by means of the Benefit transfer method, in compliance with the institutional and research
context of the international scientific community.

. The International Union for Conservation of Nature (IUCN): IUCN maintains several databases
related to biodiversity conservation, but they do not focus specifically on the valuation of
ecosystem services. However, the IUCN does provide guidance and tools for assessing the
economic value of ecosystem services, such as their Guidelines for Applying IUCN’s Global
Standard for Nature based Solutions (NbS). The IUCN's Global Standard for NbS provides
guidance on how to assess the economic value of ecosystem services.

All economic data used in this report came from the ESVD and EVRI databases. A total of 1531 records
(studies) have been evaluated, cost transferred and used in our analysis. Annex C includes both an
indicative and analytical compilation of these valuation studies (i.e. a set of 200 studies pertaining to
the values of environment and/or ecosystem services). In all these records, a damage/accident that
may occur in each study area/ecosystem is actually considered as a foregone value. By categorizing
the existing valuation studies based on the specific type of biome in which the study areas are situated,
it becomes feasible to calculate the average value of each ecosystem service within each respective
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biome. Consequently, a value transfer approach is employed, which involves transferring a measure
of central tendency, typically the mean value, from multiple study sites. This allows for the estimation
of the value (cost) associated with the degradation of ecosystem services in a specific location by
utilizing data and findings from similar sites (biomes).

To account for variations in price levels and time, adjustments need to be made to the unit values
obtained from the selected studies. Specifically, two types of adjustments are necessary: spatial
adjustment and temporal adjustment. For spatial adjustment, it is essential to consider the differences
in purchasing power and monetary units between Greece (policy site of interest) and the country
where the original study was conducted. The literature suggests that a reliable measure for
international price comparisons is the Purchasing Power Parity Index (PPPI), which is calculated as the
ratio of the weighted average price of a basket of goods between two countries, with expenditure
shares used as the price weights. This index was used in this report aiming to eliminate the differences
in price levels between different countries and so permit value comparisons. Regarding the temporal
adjustment, the time difference between the primary study and the current (policy) period needs to
be addressed. This adjustment is achieved using the Consumer Price Index (CPI), which reflects the
inflation rate. By making these spatial and temporal adjustments, the ecosystem service values
obtained from the selected studies (for each biome) were appropriately modified to ensure
consistency and comparability. The final outcome of this procedure is depicted in Table 4.

Table 4. Benefit transfer value estimates of ecosystem services, in Greek 2023 euros

AEHE] High . Urban Green

Ecosystem services §ystems Infand Temperate mountain Cultivated and Blue

(included wetlands forests areas

. — systems Infrastructure
Food 1,639 3,637 5 3,742 318
Water 11,015 1,563 94 39
Raw materials 605 1,006 34 621 100 668
Genetic resources 10 102
Ornamental resources 7
Air quality regulation 1,156 2,286 1,340 2,542 11,470
Climate regulation 212 169 425 31 40 1584
Moderation of extreme 17,923 45,823 36 654 13
events
Regulation of water flows 85 2,115 60 570
Waste treatment 1,418 1,272 126
Erosion prevention 230 6,663
Maintenance of soil 11,370 5,782 7
fertility
Pollination 1,218

LIFE PROFILE has received funding from the LIFE Programme of the European Union and the Green Fund.

g A vrovereio
| repieanontox
P s eneerens
Mavemariwoy ABnviv
1AFYOEN TO 1837

ra

MpUpuwy
Nepifadhovrind
_ TupPouheutic)

M‘\P@Q
>

. EAAHNIKH AHMOKPATIA
Texvixol EopBouhot Edvikév kot KanoSatplakdy




life

Biological control 155 1,294
Maintenance of life cycles 192,675 4,378

Maintenance of genetic 1,015 799 22
diversity

It should be noted that apart from this benefit (cost) transfer procedure, an extended valuation study
of the Greek biodiversity has been also designed. This study focuses on protected areas with significant
biodiversity characteristics (e.g., Natura 2000 sites) and is based on the contingent valuation method,
untertaking a “Willingness to Accept” approach. A relevant and novel questionnaire has been
developed and its pre-test phase (with more than 40 answers) has been completed. Apart from these
answers, during the pre-test phase, a consultation process with experts on biodiversity (which was
once again part of the Step 4) was followed (by means of a round-table discussion in the 13th
conference of the Hellenic Association of Bioscientists — Thessaloniki 9-11/12/2022).

The results of this (Greek) valuation study are aiming to:
¢ calibrate the international values to the Greek conditions

¢ define the range of values for the most important Greek biodiversity areas, considering the
characteristics of the natural habitats and some important indicators of biodiversity

e compare and incorporate values estimated by different methods which can be used for
comprehensive valuations of Greek biodiversity.
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Annex A: “Preliminary tool for estimating the cost of environmental damage”
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Annex B: “International environmental databases for the evaluation of

ecosystem services”

1. Ecosystem Services Valuation Database (ESVD): https://www.esvd.net/

ESVD aims to gather information on economic welfare values related to ecosystem services measured
in monetary units. These values can be used to internalize the importance of Nature in decision making.
ESVD currently contains over 8,600 value records from over 1100 studies distributed across all biomes,
ecosystem services and geographic regions.

Filters

Intensive land use biome X
Country

Continent

Protecfion Status

TEEE services classification
CICES services classification

SEEA services classification

Valuation Method

Valuations: 46 row (s)

Database Version: MAR2023V1

Biomes Ecozones Ecosystems TEEB services CICES services SEEA services Value 2020
SBUE—— SR —— e SRR R SR — SUEE
Intensive land use biome Perennial monoculture Plantations Climate regulation Regulation of chemical comp Global climate regulation serv._. 102 546
Intensive land use biome Sown pastures and fields Raw materials Fibres and other materials fro Crop provisioning services 2765.8934
Intensive land use biome Perennial monoculture Plantations Air quality regulation Filtration/sequestration/storag...  Air filtration services 2241.7694
Intensive land use biome Sown pastures and fields Climate regulation Regulation of chemical comp Global climate regulation serv__. 149 5462
Intensive land use biome Rice paddies; Freshwater ag Temporary inundated rice pad Maintenance of soil fertility Decomposition and fixing pro Biomass provisioning services 1365.4974
Intensive land use biome Rice paddies; Freshwater aq Temporary inundated rice pad. Climate regulation Regulation of chemical comp. 5104.0338
Intensive land use biome Rice paddies; Freshwater aq Temporary inundated rice pad Opportunities for recreation a Characteristics of living syste Recreation-related services 1238.7805
Intensive land use biome Rice paddies; Freshwater ag Temporary inundated rice pad Climate regulation; Biological .. Global climate regulation serv_..  §19.0203
Intensive land use biome Rice paddies; Freshwater aq Temporary inundated rice pad. Air quality regulation Air filtration services 1568.8639
Intensive land use biome Rice paddies; Freshwater ag Temporary inundated rice pad Climate regulation Regulation of chemical comp Local (micro and meso) clima 22178.0422
Intensive land use biome Rice paddies; Freshwater ag Temporary inundated rice pad Food Animals reared by in-situ aqu._.  Aguaculture provisioning serv 199366237
Intensive land use biome Rice paddies; Freshwater aq Temporary inundated rice pad. Erosion prevention \Weathering processes and th Soil erosion control services 13635.8764
Intensive land use biome Annual cropland; Sown pastu._.  Intensive annual cropland Opportunities for recreation a Characteristics of living syste Recreation-related services 58671

Figure B1. Example of the ESVD’s filters and results
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2. Environmental Valuation Reference Inventory (EVRI): https://www.evri.ca/en

The Environmental Valuation Reference Inventory is a searchable storehouse of empirical studies on
the economic value of environmental assets and human health effects.

Search studies

Ecological functions 209 Willingness to pa: 181
Europe 14 Land General x Wilingness o pay
Wetlandsiconstructed 107 Non-extractive uses 192 Price 65
Asia 63
wetlands
i Extractive uses 108 Other 33
North America 53 Landscape 94
Cost of injury/replacement 26
Passive uses 108
Oceania 20 Agricultural land 74
. Compensating surplus 19
Environmental Assets
Global/Regional Scope 15 Parks and open spaces 49 Human health 17
Show more Show more Show more

Search

Figure B2. Example of using the EVRI (for identifying studies related to the economic valuation of
biodiversity
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Annex C: “Lists of publications with monetary valuation”

Publications with valuation studies regarding disaster/accidents costs:

1. Alvarez, S., Larkin, S. L., Whitehead, J. C., & Haab, T. (2014). A revealed preference approach
to valuing non-market recreational fishing losses from the Deepwater Horizon oil spill. Journal
of environmental management, 145, 199-209.

2. Carson, R. T., Mitchell, R. C., Hanemann, M., Kopp, R. J., Presser, S., & Ruud, P. A. (2003).
Contingent valuation and lost passive use: damages from the Exxon Valdez oil spill.
Environmental and resource economics, 25, 257-286.

3. Chalk Point Natural Resource Trustees, 2002. Final Restoration Plan and Environmental
Assessment for the April 7, 2000 Oil Spill at Chalk Point on the Patuxent River, Maryland

4. Fonseca, M.S., Julius, B.E. and Kenworthy, W.J., 2000. Integrating biology and economics in
seagrass restoration: How much is enough and why?. Ecological Engineering, 15(3-4), pp.227-
237.

5. Kirsch, K. D., Barry, K. A., Fonseca, M. S., Whitfield, P. E., Meehan, S. R., Kenworthy, W. J., &
Julius, B. E. (2005). The Mini-312 Program—an expedited damage assessment and restoration
process for seagrasses in the Florida Keys National Marine Sanctuary. Journal of coastal
Research, 109-119.

6. Lauta, K. C. (2016). What's the price of a polar bear? Compensating environmental damages in
the Arctic. In Responsibilities and Liabilities for Commercial Activity in the Arctic (pp. 193-216).
Routledge.

7. Lloureiro, M. L., Loomis, J. B., & Vazquez, M. X. (2009). Economic valuation of environmental
damages due to the Prestige oil spill in Spain. Environmental and Resource Economics, 44, 537-
553.

8. Mauseth, G. S., Urquhart-Donnelly, J. S., & Lewis, R. R. (2001). Compensatory restoration of
mangrove habitat following the Tampa Bay oil spill. In International Qil Spill Conference (Vol.
2001, No. 1, pp. 761-767). American Petroleum Institute.

9. Thébaud, 0., Bailly, D., Hay, J., & Pérez, J. (2005). The cost of oil pollution at sea: an analysis of
the process of damage valuation and compensation following oil spills. Economic, social and
environmental effects of the Prestige Oil Spill de Compostella, Santiago, 187-219.

10. Yao, H., You, Z., & Liu, B. (2016). Economic estimation of the losses caused by surface water
pollution accidents in China from the perspective of water bodies’ functions. International
journal of environmental research and public health, 13(2), 154.

Publications with valuation studies reqarding environmental/ecosystem values (a damage/accident on
these areas/ecosystems can be considered as a foregone value)
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3. Alfranca (2011) Economic valuation of a created wetland fed with treated wastewater located
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in Open-ended Contingent Valuation Studies. Journal of Environmental Planning and
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