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Sustainable Finance

Integrating the Value of Natural Capital



Ecosystem services are the conditions and 
processes through which natural ecosystems, and 
the species that make them up, sustain and fulfill 
human life. 

Daily 1997

Ecosystem services (Millennium Ecosystem Assessment)

Provisioning Services: The products obtained from ecosystems
Regulating Services: The benefits obtained from the regulation of 
ecosystem processes
Cultural Services: The nonmaterial benefits people obtain from 
ecosystems through spiritual enrichment, cognitive development, 
reflection, recreation, and aesthetic experiences
Supporting services: Services that are necessary for the production of 
all other ecosystem services



• Use value includes:

• Direct use value: Individuals make actual or planned use of an ecosystem 
service.

• Consumptive use -> the use of resources extracted from the ecosystem 
(e.g. food, timber)

• Non-consumptive use -> the use of the services without extracting any 
elements from the ecosystem (e.g. recreation, landscape amenity). 

• Indirect use value: individuals benefit from ecosystem services supported by a 
resource rather than directly using it.

• Option value: the value that people place on having the option to use a 
resource in the future even if they are not current users 

• Non-use value (passive use): Is derived from the knowledge that the natural 
environment is maintained. 

• Existence value: derived from the existence of an ecosystem resource, even 
though an individual has no actual or planned use of it. For example, people 
are willing to pay for the preservation of whales, through donations, even if 
they know that they may never actually see a whale.

Non-use value is relatively challenging to capture since individuals find it difficult to ‘put a price’ on such values as they are rarely 
asked to do so. However, in some circumstances, nonuse value may be more important than use value.

The Total Economic Value Framework





Valuation Methods



• Environmental and Social Impacts and Intangible Assets often refer to goods and services (natural and social 
capital) which are not traded in markets or cannot be traded in markets, e.g. no market price is observed. 

• Non-market Valuation Methods are used to evaluate intangible impacts, such as climate abatement, pollution 
costs or common and public goods. 

Non-Market Valuation Methods

• Calculate the Shadow price (direct and indirect 
use value) for the underlying good or service. 

• Several Econometric Models based on the type 
of good/service and the economic value to be 
estimated. 

• Shadow Prices are also defined as the 
Willingness to Pay for a non-market good or 
service. 
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Primary Valuation Method Example -



Valuing a Wind Farm Construction: A contingent 
valuation study in Greece

Valuation Methods
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• The aim of the study is to elicit 
individual’s preferences towards 
renewable power generation and 
their Willingness to Pay for the 
construction of a wind farm in the 
area of Messanagros in the island of 
Rhodes, Greece .

Introduction



• The vital role of energy from Renewable Sources (RES) in mitigation of greenhouse gas 
emissions is highly acknowledged, since under EU legislation all member states have 
implemented national policies to increase the proportion of renewable energy in their total 
energy mix.

• Greece was one of the first European countries to exploit renewable energy sources and 
especially wind power in the early eighties. The potential of developing infrastructure for 
energy production from wind and solar power in Greece is extremely high.

• However, although the public generally expresses a positive attitude towards wind power, 
the experience often shows that specific wind power projects face resistance from the local 
population (Not In My BackYard behaviour)

Motivation



• Several studies have been conducted over recent years using different 
valuation techniques to explore individual preferences for renewable 
power generation reporting positive WTP for green energy premia.

• In summary, WTP is higher among respondents with high incomes 
among younger people , those who are more liberal, do not rent their

home, are women, do not have children and are highly educated.

• Wiser (2007) suggests that elicited WTP for renewable energy is higher 
under a collective payment method than under a voluntary one .

• findings suggest that the location of the renewable energy project is of 
vital importance (Ek, 2005)

• Begona and Hanley (2002) report significant social costs can be 
associated with a wind farm construction.

Previous Research



• Like any other investment, investment in renewable energy involves incurring costs 
today for benefits in the future. Whether a public investment is efficient or not is 
determined by social cost benefit analysis (CBA).

• It follows that the identification of the Total Economic Value (TEV) of a renewable 
resources project is critical in determining whether the project will pass the CBA test 
and thus be implemented. 

• Many of the benefits associated with a renewable energy project are non-marketed and 
thus are hard to quantify in monetary terms for CBA purposes.

Total Economic Value



Total Economic Value



• Two broad categories of economic valuation developed to capture the TEV of 
environmental resources are distinguished in the environmental economics literature :

• Revealed Preference (Hedonic pricing, Travel Cost)

- analyse of data derived from actual markets that are related to the non-market resource under 
valuation

• Stated Preference (Choice Experiments , Contingent valuation)

- the market for the good is ‘constructed’ through the use of questionnaires

Primary Valuation Methods



• circumvents the absence of markets for environmental goods and services by 
presenting consumers with hypothetical markets in which they have the 
opportunity to pay or accept compensation for the environmental good or service 
in question

• to elicit accurate measures of non-market benefits, the survey must 
simultaneously meet the methodological imperatives of survey research and the 
requirements of economic theory

Contingent Valuation Method (CVM)



• The questionnaire for the contingent valuation application was developed with the 
cooperation of the Greek Centre for Renewable Energy Sources (CRES) and comprised of 
three parts:

• Environmental Consciousness measures (knowledge, attitudes, behaviour )

• Knowledge regarding various energy sources conventional and renewable

• Actions undertaken to reduce energy consumption

• Perceived positive/negative implications from the construction of the wind farm in 
the area.

• The valuation scenario and the contingent valuation questions

• Socioeconomic data (age, gender, education, employment, household income,  number of 
children etc)

The survey design



• The valuation scenario primarily stated the commitment undertaken by the Greek 
government to produce 20% of total energy from renewable sources by 2010.

• The project under evaluation was then presented. Respondents were informed that 
• a new wind farm is planned in the area of Messanagros in southern Rhodes, 1.5km from the 

village of Messanagros. 

• in total six generators are planned to be constructed and the capacity of the wind farm will 
sufficient for supplying approximately 5,000 households with energy for a year

• wind turbines will be visible from approximately 5km

The Contingent Valuation Questions



• The payment vehicle was the establishment of lump sum charge levied on the bi-
monthly electricity bill for each household

• In the first valuation question respondents were asked if they were WTP one of 
[2, 4, 6, 8 and 12] Euros. 

• Those that were WTP the given amount, in the second question were 
asked to state if they were WTP [4, 6, 8, 12, and 14] Euros respectively.

• Those not WTP in the first question were asked to state if they were WTP 
[1, 2, 4, 6, and 10] Euros respectively. (Double bounded dichotomous 
choice format)

• Respondents were randomly assigned to bid levels in order to minimize the 
possibility of starting point bias

Payment Vehicle



• a survey was implemented

• the sampling frame was the adult (over 18) 
population of Rhodes

• a quota sample of 200 individuals residing in 
various areas of the island was selected from 
telephone directories

Sample - Data



• The individual's true maximum WTP for the project under evaluation is assumed to be a 
function of economic variables ( income ); demographic and attitudinal variables (age or sex, or
whether or not the respondent is an environmentalist). 

• By virtue of the random utility framework, WTP  is specified as 

where WTPj is the WTP of individual j , μ is the mean WTP and εj is the error term.

• The WTP determinants were examined by estimating an interval regression model using the 
higher and lower limits defined by the two valuation questions.

jjWTP  +=

The model 



Econometric Results
Willingness to Pay Determinants



Econometric Results
Interval Regression Model
Mean and Median Willingness to Pay
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Benefit Transfer Method



• Valuation of  European Ecosystem Services

• 4 Types of Ecosystem Services: Provisioning, Regulating, Cultural, Supporting

• 6 Biogeographical and Marine Regions 

• Total Economic Value = Use Value + Non-use value

Integrating Ecosystem Valuation to Decision Making



2-Stages Approach

1° STAGE: 

Find the economic value of 
nature

• Step 1.1: IDENTIFICATION of the full range of ecosystem services in 
each biogeographical region

• Mapping of different ecosystems

• Establishment of the geographical area of reference

• Step 1.2: ESTIMATION of the value of ecosystem services

• Using data from literature databases (EVRI, ESVD)

• Step 1.3: CAPTURING the value of ecosystem services

• Average unit values per region in order to find the total economic 
value of these ecosystems (e.g. benefit of transfer method)

2° STAGE: 

Integration of ecosystems 
valuation with SDGs

• Step 2.1: Integrate ecosystem valuation in SDG Index

• Step 2.2: Measure the SDG implementation by taking into account 
ecosystem valuation



Meta Regression Value Transfer Method 

• Step 1.2: ESTIMATION of the value of 
ecosystem services

• Using data from literature databases 
(EVRI, ESVD)

• Step 1.3: CAPTURING the value of 
ecosystem services for EU countries and 
Biogeographical Regions

• Step 1.1: IDENTIFICATION of the full range of ecosystem services in each biogeographical region

• Mapping of different ecosystems

• Establishment of the geographical area of reference



• “Meta-analysis refers to the statistical analysis of a large collection of 
results from individual studies for the purpose of integrating the 
findings. It connotes a rigorous alternative to the casual, narrative 
discussions of research studies that typify our attempt to make sense of 
the rapidly expanding research literature.” 

Glass (1976)

Meta-Regression Analysis: Motivation and 
Introduction





Practical Applications of Meta‐Analysis



Non Market Valuation



Example—Non‐Market Value of Recreational Fishing





Environmental Benefit Transfer





MRM Models - Benefit Functions



MRM Models - Benefit Functions



Non‐Market Valuation MRM



Non‐Market Valuation MRM - Predictions



Some Differences Between Traditional MRA and MRMs for 
Benefit Transfer



MRMs of Environmental Value



❑ Mapping of different ecosystems ❑ Establish the geographical area of reference:
Each region have its proper ecosystems. Therefore in 
each ecosystem it is possible to distinguish specific
territorial, marine and freshwater ecosystems

• For each decision IDENTIFY and ASSESS the full range of ecosystem services

Step 1.1: Identification of the full range of ecosystem services in 
each biogeographical region



Mapping of Ecosystems Typology to Services 
across Biogeographical regions



✓ Literature review aimed at identifying the value of ecosystems in specific EU countries. 
✓ EVRI database is used – An open–access repository with many filtering options. 
✓ Primary literature related to ecosystem services valuation from 2012 to 2022 has been selected. Studies 

have been selected according to the ecosystem typology and the ecosystem services valued, and by the 
bio-geographical area in which the study has been conducted. 

Step 1.2: Collecting the Meta Data

https://www.evri.ca/en/home




Metadata

Table 1 Descriptive Statistics
Variable Mean SE Mean StDev Minimum Q1 Median Q3 Maximum

WTP 76.8 12.9 165.7 0.0 93000.0 23.4 64.4 1404.6

ES Terrestrial 0.521 0.039 0.501 0.000 0.000 1.000 1.000 1.000

ES Marine 0.394 0.038 0.490 0.000 0.000 0.000 1.000 1.000

ES Fresh Water 0.085 0.022 0.280 0.000 0.000 0.000 0.000 1.000

Cultural 0.588 0.038 0.494 0.000 0.000 1.000 1.000 1.000

Provisioning 0.267 0.035 0.444 0.000 0.000 0.000 1.000 1.000

Supporting 0.436 0.039 0.497 0.000 0.000 0.000 1.000 1.000

Regulating 0.327 0.037 0.471 0.000 0.000 0.000 1.000 1.000

SD Interview 0.665 0.037 0.474 0.000 0.000 1.000 1.000 1.000

SD Questionnaire online 0.329 0.037 0.471 0.000 0.000 0.000 1.000 1.000

SD Secondary data 0.050 0.017 0.218 0.000 0.000 0.000 0.000 1.000

CE 0.461 0.039 0.500 0.000 0.000 0.000 1.000 1.000

CVM 0.400 0.038 0.491 0.000 0.000 0.000 1.000 1.000

REVEALED 0.139 0.027 0.347 0.000 0.000 0.000 0.000 1.000

Alpine 0.133 0.027 0.341 0.000 0.000 0.000 0.000 1.000

Atlantic 0.236 0.033 0.426 0.000 0.000 0.000 0.000 1.000

Boreal 0.139 0.027 0.347 0.000 0.000 0.000 0.000 1.000

Continental 0.212 0.032 0.410 0.000 0.000 0.000 0.000 1.000

Macaronesian 0.006 0.006 0.078 0.000 0.000 0.000 0.000 1.000

Mediterranean 0.279 0.035 0.450 0.000 0.000 0.000 1.000 1.000

Steppic 0.006 0.006 0.078 0.000 0.000 0.000 0.000 1.000

Marine Atlantic 0.176 0.030 0.382 0.000 0.000 0.000 0.000 1.000

Marine Black Sea 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Marine Baltic 0.042 0.016 0.202 0.000 0.000 0.000 0.000 1.000

AGE 44.221 0.624 6.301 28.620 40.088 43.000 49.350 58.000

INCOME 27969 1210 15160 2398 18267 24512 35371 104030

GENDER 0.489 0.009 0.087 0.170 0.463 0.510 0.540 0.640

EDUC 0.554 0.178 2113.000 0.104 0.265 0.360 0.460 25.400

Policy, Site, 

Population &

Resource 

Variables

Methodological

Variables

Meta Data



• 𝐌𝐑𝐌: 𝐖𝐓𝐏𝐢 = 𝛃′𝐗𝐢 + 𝛆𝐢
(Weighted Least Squares)

• Newey West Standard Error in 
parenthesis

• Bold denotes 5% statistical 
significance

MRM Estimation – Benefit Transfer



MRM - Benefit Transfer – Ecosystem Services / Regions

• Higher WTP estimates for Alpine Region

• WTP for Marine and Freshwater Ecosystems Higher for 
Mediterranean and Marine Regions , and WTP for 
Terrestrial Ecosystems higher for Alpine and Boreal 

• Regulating Service more important for Marine and 
Freshwater Ecosystem and Provisioning for Terrestrial



National MWTP – All Ecosystems

• Positive Correlation Implies a higher MWTP for SDGs 
with a high level of implementation. 

• People's preferences are in the same direction with the 
intentions of government to make the transformations 
necessary to achieve SDGs.

• MWTP is high for a transformation that is needed.



Link to SDGs 13, 14 & 15

• Positive Correlation between 
MWTP and  SDGs performance 
– Integrating the Value of  
Capital in Investment and 
Policy Decisions

• Terrestrial Ecosystem 

Higher Correlation to SDG 15 

• Marine and Fresh Water 

Higher Correlation to SDG 13 



Interactive MWTP tools/ dashboards for All EU Ecosystem Services 



Provisioning Ecosystem Service



Regulating Ecosystem Service



Supporting Ecosystem Service



How Accurate Is Benefit Transfer?



Testing MRM Benefit Transfer



Convergent Validity Test Results



Sustainable Finance

Valuation of Cultural Heritage Services – Benefit 
Transfer



Cultural Heritage and Climate Change

Cultural heritage provides goods and services to society that are 

non-marketed, hence they have no explicit price, but have value 

• World Heritage properties are affected by the impacts of climate   
change at present and in the future. 

• Their preservation requires understanding these impacts to their 
Outstanding Universal Value and responding to them effectively.

•Cultural heritage CC adaptation:

- reductions or avoidance of adverse effects from CC

- exploitation of beneficial management opportunities

• Cultural heritage comprises a variety of assets and sites that are often in need 

of maintenance, repair or refurbishment. Recently, there has been increasing 

recognition of the need to identify and assess the value of cultural heritage 

assets in order to guide investments in maintenance and conservation 

programs. 



Total Economic Value of Cultural Heritage



Cultural Heritage - Valuation



Cultural Heritage – Meta-Regressions

• Annual mean WTP for Cultural Services in Europe is
46.41euro

• Annual WTP for Cultural Services at a International
level is 39.78euro

Step 1: The dataset currently comprises 19 studies published
between 2001-2020 and providing valuations for the shadow
prices (WTP) of cultural heritage goods at various countries
around the world.



Cultural Heritage Services -WTP
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