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Summary

Deliverable D4.1 aims to synthesize evidence from a broad set of peer-reviewed studies and
technical reports on the non-market valuation of marine and deep-sea ecosystem services, with
particular emphasis on willingness-to-pay (WTP) measures derived from state-preference methods.
The content of the document is based on a summary of data collected from past deep-sea marine
ecosystem restoration and conservation valuation studies compiled in Excel worksheets for use in
natural capital accounting. The rationale behind the data selection, technical procedures and final
elaboration into economic evidence are explained and made accessible for policy and impact
assessment, and strategic planning. The document explains also concepts such as the Ecosystem
Services associated with the Deep Sea and the Willingness to Pay in Environmental Economics. The
result of this overview is a database available to download from the REDRESS website:
https://redress-project.eu/resources/project-documents/REDRESS-deep-sea-ecosystem-service-
benefit-estimates-database-D4.1.x|sx.

1 Introduction

REDRESS (Restoration of deep-sea habitats to rebuild European Seas) is a European Union research
project focused on advancing the scientific, economic, and governance foundations needed to
support the restoration and long-term sustainability of deep-sea ecosystems. The project responds
to growing concern that deep-sea environments (once considered remote and resilient) are urgently
require protection and restoration actions (Da Ros et al., 2019) as they increasingly exposed to
pressures from fishing, seabed extraction, climate change, and cumulative human activities (Ojea &
Loureiro, 2009). Within this context, REDRESS seeks to integrate ecological knowledge (showing
ecosystem restoration is viable even for the deep sea, Danovaro et al., 2025) with socio-economic
evidence to inform decision-making on protection, restoration, and sustainable use of deep-sea
natural capital. A central component of this agenda is understanding how society values deep-sea
ecosystems and the services they provide, including values that markets do not capture. Deliverable
D4.1 contributes to this objective by synthesizing evidence on the non-market valuation of marine
and deep-sea ecosystem services, with particular emphasis on willingness-to-pay (WTP) measures
derived from stated-preference methods. As such, summary data from past deep-sea marine
ecosystem restoration and conservation valuation studies were compiled in Excel worksheets for
use in natural capital accounting. Data is broken down by habitat type, value, valuation method, etc.

The database (D4.1) is available to download from the REDRESS website: https://redress-

project.eu/resources/project-documents/REDRESS-deep-sea-ecosystem-service-benefit-

estimates-database-D4.1.xIsx.
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In what follows a brief introduction to the topic of ecosystem service valuation and the concept of
willingness to pay is provided. The main findings from the results of the past studies in the database
(D4.1) are also reviewed. This includes a summary of the deep-sea willingness to pay values collated
from the conservation and restoration studies. The methods, data, and main findings of the
reviewed studies are also summarized. Finally, a technical description of the contents of each
worksheet in the database is presented. While the database of past estimates is the main deliverable

this summary report aims to provide an overview of what the database contains.

1.1.  Ecosystem Services and the Deep Sea

Ecosystem services are often defined as the benefits that people obtain from ecosystems,
commonly grouped into provisioning, regulating, cultural, and supporting services (Aanesen et al.,
2015). The ecosystem services framework offers a way of understanding the effects of changes in
deep-sea ecosystems on human welfare. In marine and deep-sea contexts, these services include
food provision, climate regulation through carbon sequestration, nutrient cycling, habitat provision
for commercially valuable species, and cultural or existence values associated with biodiversity and
natural heritage (Norton & Hynes, 2014). The database D4.1 (see section 5 below for description)
assigns estimates from the literature to ecosystem categories under the UN Common International
Classification of Ecosystem Services (CICES). The classification is also used within the UN System of
Environmental-Economic Accounting (SEEA) which is led by the United Nations Statistical Division.
The second worksheet in the database called "CICES Marine Eco Serv" lists the ecosystem services
that are highlighted within the classification system as being relevant for the marine environment
(https://cices.eu/). This report uses CICES V5.1 to classify the ecosystem services in the database.
The deep sea presents challenges for ecosystem service assessment. Many services are indirect,
uncertain, or spatially distant from beneficiaries, and public awareness is often limited (Jobstvogt et
al., 2014). Nevertheless, a growing body of literature demonstrates that individuals derive
substantial non-use values from deep-sea ecosystems, including existence values (valuing
ecosystems simply because they exist) and option values (valuing the possibility of future benefits,
such as medicinal discoveries) (Ojea & Loureiro, 2009; Aanesen et al., 2015; O’Connor et al., 2020).
These values are especially relevant in policy settings where protection or restoration decisions

generate benefits that are diffuse, long-term, and not mediated by markets.
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1.2.  Willingness to Pay in Environmental Economics

Willingness to pay (WTP) is a cornerstone concept for valuation of ecosystem service benefits in
environmental and resource economics. WTP represents the maximum amount an individual is
willing to forego to secure environmental improvement or avoid environmental degradation. In the
absence of market prices, WTP is commonly estimated using stated-preference methods, such as
contingent valuation and discrete-choice experiments (Norton & Hynes, 2014; Aanesen et al., 2015).
These approaches ask respondents to trade off environmental outcomes and monetary costs,
allowing researchers to infer welfare-consistent benefit measures. The papers reviewed in this
report, and recorded in the REDRESS database D4.1, apply these methods across a range of marine
contexts, including deep-sea biodiversity protection, marine protected areas, risk reduction, and
ecosystem restoration. Collectively, they show that WTP can be meaningfully elicited even for
unfamiliar or remote ecosystems, if survey design, information provision, and attribute framing are

carefully handled.

2. Deep-sea ecosystem service benefit valuation studies

Ecosystem service benefit valuation studies concerned with both conservation and restoration in

deep-sea environments were reviewed as part of the literature review.

2.1.  Conservation and Restoration in Willingness-to-Pay Studies

Conservation-focused studies typically value actions that prevent further degradation or secure the
continued existence of ecosystems, species, or ecological functions (e.g., LaRiviere et al., 2014;
Hynes et al., 2021b). These studies often emphasize non-use values, such as existence values and
bequest values (valuing ecosystems for future generations), and are particularly prominent in deep-
sea settings where baseline conditions remain relatively intact but threatened. Restoration-focused
studies, by contrast, value improvements from a degraded state toward a better ecological
condition. These analyses may capture both non-use values and use-related benefits, especially
where restoration leads to improved ecosystem services, reduced risks, or enhanced cultural and
recreational outcomes (e.g., O’Connor et al., 2020; Czajkowski et al., 2024). Within the REDRESS
context, restoration valuation is particularly relevant for assessing the benefits of active

intervention rather than passive protection alone.
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Across the reviewed studies, both conservation and restoration values are shown to be positive and
policy-relevant, though they may differ in magnitude, drivers, and sensitivity to information and
context (See Figures 4 and 5). Several studies also demonstrate that knowledge, framing, and
perceived ecological significance play a critical role in shaping WTP, reinforcing the importance of
communication and public engagement alongside economic evaluations (Hynes et al., 2021a). This
report synthesizes evidence from a broad set of peer-reviewed studies and technical reports to
provide a structured overview of how ecosystem services and WTP have been assessed in marine
and deep-sea contexts. By organizing results across conservation and restoration themes and
highlighting methodological choices and key findings, the report supports REDRESS objectives,
specifically for Deliverable D4.1, by translating economic evidence into a form that is accessible and

useful for policy and impact assessment, and strategic planning.

2.2.  Conservation and Restoration Studies by Ecosystem Type

In Deliverable D4.1, ecosystem services are analyzed across ten distinct marine ecosystem
categories in the conservation studies: deep-sea cold-water coral habitats; deep-sea ecosystems;
deep-water systems; oceanic banks with cold-water corals; cold-water coral habitats; mixed
ecosystems; open seas along the Mid-Atlantic Ridge; coupled marine and (degraded) terrestrial
ecosystems; shallow-water coral reefs and deeper mesophotic reefs; and canyons, seamounts, and
shelf areas. In the restoration studies, the ecosystem types identified in D4.1 include deep-sea
canyons (up to 1,000 m); deep-sea methane seep systems (approximately 400-2,200 m); offshore
seabed habitats; open-ocean ecosystems (depths exceeding 200 m); offshore sandbanks; deep-
water coral habitats; oceanic banks with cold-water corals; and broader deep-sea ecosystems, as
well as a small number of cases where the ecosystem type is not explicitly reported. For synthesis
and comparative analysis, we consolidate these systems into five broader ecosystem groupings. This
aggregation provides a clearer and more consistent interpretation of the valuation evidence by
ecosystem type, while preserving the underlying ecological and policy relevance of the original
classifications. The resulting categories, shown in Figure 1 and Figure 2, are as follows: (1) deep-sea
benthic ecosystems (coral- and structure-forming habitats); (2) deep-sea and deep-water
ecosystems (non-coral); (3) geomorphologically complex offshore systems (canyons, seamounts,
shelves); (4) shallow-to-deep reef continuum (including mesophotic reefs); and (5) other and mixed

or coupled ecosystems (including land-sea systems). In Table A in the Appendix, we provide the link
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between the ecosystem type categories included in the D4.1 excel sheets 3 and 4 and the new

consolidated categories included in Figures 1 and 2 below.

Distribution of Conservation studies by ecosystem type

Ecosystem type

Deep-sea kenthic ecosystems (coral- and structure-forming habitats)

Deep- ystems (non-coral)
Geomorphologically complex offshore systems (canyons, seamounts, shelves)

Shallow-to-deep reef continuum (including mesophotic reefs)

Other and mixed or coupled ecosystems (including land—sea systems)

Figure 1. Distribution of conservation studies by ecosystem type. Source: Deliverable D4.1 Excel Sheet

The pie chart in Figure 1 shows a clear concentration of valuation evidence in the 3D space of deep-
sea and deep-water ecosystems (non-coral) (56%) which account for the largest share of
conservation studies. Another nontrivial proportion of conservation studies (22%) also examine
deep-sea benthic ecosystems (coral and structure forming habitats) and geomorphologically
complex offshore systems, including canyons, seamounts, and shelf areas (11%). In contrast,
relatively few studies focus on the shallow-to-deep reef continuum, including mesophotic reefs
(6%), and on other or mixed and coupled ecosystems, such as land—sea systems (6%). Restoration
valuation evidence is more evenly spread across the ecosystem type categories. The largest share
falls under the 'other' and 'mixed or coupled' ecosystems, which account for about 31% of the
studies. This category includes cases where restoration involves interconnected marine systems or
where land-sea linkages play an explicit role. The remaining restoration studies are primarily divided
between deep-sea benthic ecosystems and deep-sea and deepwater ecosystems (non-coral), each
representing approximately 25% of the sample. These studies focus on the recovery of benthic

structure-forming habitats, such as corals, as well as broader deep-sea systems where restoration
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is framed in terms of ecosystem function, habitat quality, or biodiversity recovery. Overall, the
distribution of ecosystem types in restoration studies suggests that its valuation has focused less on
a single dominant ecosystem type and more on a diverse set of deep-sea and offshore systems,

often characterized by ecological complexity and multi-scale management challenges.

Distribution of Restoration studies by ecosystem type

Ecosystem type

Deep-sea benthic ecosystems (coral- and structure-forming habitats)
Deep-sea and deepwater ecosystems (non-coral)

Geomorphologically complex offshore systems (canyons, seamounts, shelves)
Shallow-to-deep reef continuum (including mesophotic reefs)

Other and mixed or coupled ecosystems (including land—sea systems)

Figure 2. Distribution of restoration studies by ecosystem type. Source: Deliverable D4.1 Excel Sheet

2.3. Location of Conservation and Restoration Studies

In Figure 3, we illustrate the geographical distribution of the valuation studies reviewed in this
report, classifying countries according to whether they host conservation-focused studies,
restoration-focused studies, or both. The map highlights a clear concentration of empirical evidence
in Europe, North America (USA and Canada), and the Asia-Pacific region, which may suggest a long-
standing research capacity in environmental economics and a public interest in deep-sea

governance in these regions.
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Geographical distribution of studies by country
Countries are classified as conservation-only, restoration-only, or both

. Both (Conservation + Restoration) . Conservation only . Restoration only

Figure 3. Geographical distribution of studies by country. Source: Deliverable D4.1 Excel Sheet

Several countries appear exclusively in the conservation category, particularly in parts of Western
and Northern Europe, where valuation studies have focused on non-use values associated with
biodiversity protection, marine protected areas, and precautionary management. Restoration-only
studies are more geographically dispersed, particularly in the Asia-Pacific region and parts of
Southern Europe, where empirical work has focused on ecosystem recovery, rehabilitation, and
management trade-offs in heavily used marine environments. The USA, Canada, and parts of
Northern Europe host studies covering both conservation and restoration contexts. This overlap
suggests more mature research environments in which valuation methods have been applied across

the policy spectrum, from protecting intact deep-sea ecosystems to restoring degraded habitats.

3 Willingness to Pay in Conservation and Restoration Studies

3.1.  Willingness to Pay for Deep-Sea Conservation: Magnitude of Values

The conservation literature reports consistently positive willingness-to-pay (WTP) values for the
protection of deep-sea ecosystem services, though magnitudes vary substantially by valuation unit

and ecological focus. As shown in the conservation panel of Figure 4, most per-person annual WTP
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estimates cluster between approximately €10 and €80, while per-household annual estimates are

typically higher, frequently falling between €50 and €300 per household per year.

Average WTP values across conservation studies

Czajkowski et al. (2024

Aanesen et al. (2015

Ressurrei¢do et al. (2011

Ankamah-Yeboah et al. (2022

Noring et al. (2016
Armstrong et al. (2019
Wallmo and Edwards (2008

Ison et al. (2021

Roberts et al. (2017
Hynes et al. (2021:1

)
)
)
)
)
)
)
)
Jobstvogt et al. (2014)
)
)
)
)
)
)
)

MceVittie and Moran (2010 E——

Stefanski and Shimshack (2016 E—
Xuan et al. (2021
Hynes et al. (2021: 2
LaRiviere et al. (2014

0 50 100 150 200 250 300
Average of Converted Value (€)
Unit €/entrance/fee ® &/household/year ® €/person/once-off-payment €/person/year

Figure 4. Willingness to pay in conservation studies. Source: Deliverable D4.1 Excel Sheet. One outlier study
exceeding €900 per household per year is excluded from this graph for presentation purposes (i.e., Sandorf
et al., 2017). Average constant values in € CPI Ireland 2023

Such large household-level values are associated with studies valuing the protection of ecologically
distinctive and largely unfamiliar habitats, such as cold-water coral ecosystems, where non-use and
existence values dominate (Aanesen et al., 2015; Jobstvogt et al., 2014). Overall, the conservation
evidence indicates that individuals are willing to incur meaningful economic costs to secure the
continued existence of deep-sea ecosystems, even in the absence of direct use (McVittie & Moran,

2010; Xuan et al., 2021).

3.2.  Willingness to Pay for Deep-Sea Restoration: Magnitude of Values

Restoration-focused studies display a narrower distribution of WTP values relative to conservation.
As illustrated in Figure 5, most restoration estimates lie between €30 and €120 per person per year,
with one negative value reflecting welfare losses associated with ecosystem degradation rather

than gains from restoration. This tighter clustering is consistent with restoration scenarios being
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framed as improvements from a degraded baseline toward a clearly defined ecological state
(O’Connor et al., 2020; Chen et al., 2022). Compared with conservation values, which often capture
abstract existence and option values, restoration WTP reflects preferences for payment for tangible
ecological recovery, producing more moderate but policy-relevant benefit estimates (Norton &

Hynes, 2014; Pereira et al., 2024).

Average WTP values in restoration studies
Color distinguishes per-person vs per-household values

Ankamah-Yeboah et al. (2022) ®

Borger et al. (2020:2) ®

Chen et al. (2022) ®

Xuan et al. (2021)

McVittie & Moran (2010)

O’'Connor et al. (2020) ®

Hynes et al. (2021:2

Hynes et al. (2021:1

Pereira et al. (2024

Czajkowski et al. (2024
Ojea & Loureiro (2010

Boérger et al. (2020:1

)
)
)
Burton et al. (2024) ®
)
)
)
)

Shen et al. (2015

Average WTP amount

Per household (€/year) ® Per person (€/year)

Figure 5. Willingness to pay in restoration studies. Source: Deliverable D4.1 Excel Sheet. One study about the
potential loss estimates negative values of degradation of marine ecosystem services excluded from the
graph for presentation purposes (i.e., Norton and Hynes, 2014). Average constant values in € CPI Ireland
2023.

4 Methods, Data, Locations, and Main Findings

4.1 Conservation Studies: Methods, Data, and Locations

Empirically, conservation valuation of deep-sea ecosystem services relies primarily on stated-
preference methods, particularly discrete choice experiments and contingent valuation, to reflect
the absence of market prices and the dominance of non-use values (Jobstvogt et al., 2014; Borger
et al., 2014). The geographic scope of the conservation literature is broad but concentrated in
Northern Europe and the North Atlantic, including Norway, Scotland, Ireland, and the wider UK
context, with complementary evidence from Japan and tourist-based valuation in the Galapagos
Marine Reserve (Aanesen et al., 2015; Shen et al., 2015; Ison et al., 2020). Survey populations vary
accordingly, spanning national household samples, regional residents, and visitors, depending on
the institutional setting and financing mechanism under consideration. Across these contexts,
conservation scenarios typically focus on cold-water corals, deep-sea biodiversity, offshore habitats,

12
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and high-seas ecosystems. Payment vehicles range from annual household levies to per-person
contributions or entrance fees, aligning valuation designs with plausible policy instruments (Borger
et al., 2020; Wattage et al., 2011). Despite limited prior familiarity with deep-sea environments,
respondents are consistently able to express preferences, supporting the validity of stated-
preference approaches in offshore and deep-sea settings (Jobstvogt et al., 2014; McVittie & Moran,
2010). Conservation WTP is driven primarily by existence values, option values, and perceptions of
ecological significance. Respondents attach higher values to habitats viewed as irreplaceable or
functionally important, such as coral ecosystems that support fisheries or biodiversity with potential
future medicinal benefits (Jobstvogt et al., 2014; Aanesen et al., 2015). A consistent finding across
studies is substantial preference heterogeneity, with mean WTP masking wide dispersion across
respondents (Shen et al., 2015; Xuan et al., 2021). This heterogeneity has important implications for
distributional analysis and political feasibility, even when average values are sufficient for cost-

benefit assessment.

4.2.  Restoration Studies: Methods, data, and locations

Restoration studies employ similar valuation tools but are more embedded in policy frameworks
related to environmental improvement and ecosystem recovery. Key empirical settings include
deep-sea canyon restoration in the Bay of Naples (Italy), methane seep systems off Costa Rica, and
broader European contexts linked to the Marine Strategy Framework Directive MSFD (O’Connor et
al., 2020; Norton & Hynes, 2014; Pereira et al., 2024). These studies typically frame restoration as
movement toward improved ecosystem status, often defined through measurable ecological
attributes or service flows. In addition to stated-preference surveys, some analyses integrate
ecosystem-service accounting and cost information to evaluate net benefits of restoration (Chen et
al., 2022). Survey populations in restoration studies are usually national or regional residents rather
than tourists, reflecting the good public nature of restoration funding. Annual contributions or levies
are the dominant payment vehicles, making restoration WTP estimates directly relevant for public
financing and regulatory assessment (Norton & Hynes, 2014; O’Connor et al.,, 2020). Across
restoration studies, respondents demonstrate a clear willingness to pay for improvements in deep-
sea ecosystem conditions, with higher WTP associated with clearly articulated ecological outcomes
and perceived effectiveness of restoration actions (O’Connor et al.,, 2020; Chen et al., 2022).
Evidence from Costa Rica further indicates that stronger emotional and cognitive connections to the

deep sea (often described as enhanced deep-sea literacy) are positively associated with WTP
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(Pereira et al., 2024). The presence of a negative WTP estimate in the compiled results underscores
that valuation frameworks capture both gains from restoration and losses from degradation,
reinforcing their usefulness for evaluating alternative management trajectories (Norton & Hynes,

2014).

5 Policy and Practical Implications

Taken together, the conservation and restoration literature reviewed for the Deliverable D4.1
Database provides strong evidence that deep-sea ecosystem services generate economically
significant non-market benefits that should be incorporated into policy. The magnitude of WTP
values observed, often in the tens to hundreds of euros per person or household, implies that
excluding these benefits would materially bias cost-benefit analyses of marine protection and
restoration initiatives (Jobstvogt et al., 2014; O’Connor et al.,, 2020). The contrast between
conservation and restoration values also highlights the importance of baseline definition and
framing. Conservation valuations tend to capture large and sometimes highly dispersed existence
and option values, while restoration valuations reflect more focused preferences for ecological
improvement from degraded states (Norton & Hynes, 2014; Chen et al., 2022). This distinction has
direct implications for benefit transfer, funding design, and communication strategies within
programmes such as REDRESS. The literature consistently shows that information, trust, and
institutional context shape valuation outcomes. Policies that pair conservation or restoration
actions with clear communication of ecological benefits are more likely to elicit public support and
sustain willingness to pay (Hynes et al., 2021a; Hynes et al., 2021b; Pereira et al., 2024). In this sense,
the valuation evidence not only justifies intervention but also informs how deep-sea policies can be
designed to align ecological objectives with societal preferences. Finally, in Figures A and B of the
Appendix we provide a timeline for all the studies reviewed in Deliverable D4.1 that includes each
paper’s main objective and results. Overall, this report shows that deep-sea ecosystem services
carry non-market values and that both conservation and restoration actions generate substantial
benefits that should be considered in policy and planning. The reviewed studies consistently
demonstrate that people are willing to support the protection and recovery of deep-sea
environments, even when these ecosystems are remote and unfamiliar, which underscores the
importance of clear communication, strong ecological baselines, and careful valuation design. A

detailed description of each reviewed paper, including methods, context, units, WTP-specific values,
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and key results, is included in the Deliverable D4.1 Database. The final section below provides a

description of each worksheet in the D4.1. database.

6 Technical information

The Excel Database (D4.1) contains 5 worksheets.

1. The first worksheet provides an overview of what all the other worksheets contain.

2. The second worksheet called "CICES V5.1 Marine Eco Serv" contains the CICES V5.1
Ecosystem Services that are highlighted within the classification system as being relevant for
the marine environment (https://cices.eu/). CICES (Common International Classification of
Ecosystem Services) was developed from the work on environmental accounting undertaken
by the European Environment Agency (EEA). It supports their contribution to the revision of
the System of Environmental-Economic Accounting (SEEA) which is led by the United Nations
Statistical Division (UNSD). REDRESS uses this framework to classify the ecosystem service
benefit value estimates identified in the literature and broken down in the subsequent
worksheets. Worksheet 2 contains a matrix of 4 columns and 50 lines categorizing and
detailing ecosystem services by type (provisioning biotic, regulating and maintenance biotic,
cultural biotic).

3. The third worksheet called "DeepSea Restore Val Studies" contains a breakdown of
ecosystem service benefit estimates from the literature that relates to deep sea ecosystem
restorations. Worksheet 3 contains a matrix of 64 columns (variables) and 94 lines
representing each value estimate from the deep-sea ecosystem restoration literature and
detailing the information in a consistent standardized way.

4. The fourth worksheet called "DeepSea Conserve Val Studies" contains a breakdown of
ecosystem service benefit estimates from the literature that relate to deep sea ecosystem
conservation. Worksheet 4 contains a matrix of 64 columns/variables (same as for
Worksheet 3) and 163 lines representing each value estimate from the deep-sea ecosystem
conservation literature and detailing the information in a consistent standardized way.

5. The fifth worksheet called "Val Studies Variable Key" provides a description of the 64
variables used to describe the deep-sea restoration and conservation valuation studies in

worksheets 3 and 4.
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Appendix

Table A. Mapping of original ecosystem categories to new ecosystem groupings

Original ecosystem categories (Conservation &
Restoration studies included in D4.1 Excel sheets)

New ecosystem type category

Deep-sea cold-water coral habitats

1. Deep-sea benthic ecosystems (coral- and
structure-forming habitats)

Cold-water coral habitats

1. Deep-sea benthic ecosystems (coral- and
structure-forming habitats)

Deep-water coral habitats

1. Deep-sea benthic ecosystems (coral- and
structure-forming habitats)

Oceanic banks with cold-water corals

1. Deep-sea benthic ecosystems (coral- and
structure-forming habitats)

Shallow-water coral reefs and deeper mesophotic
reefs

4. Shallow-to-deep reef continuum (including
mesophotic reefs)

Deep-sea ecosystems

2. Deep-sea and deepwater ecosystems (non-
coral)

Deepwater systems

2. Deep-sea and deepwater ecosystems (non-
coral)

Deep-sea methane seep systems (400-2,200 m)

2. Deep-sea and deepwater ecosystems (non-
coral)

Offshore seabed habitats

2. Deep-sea and deepwater ecosystems (non-
coral)

Open-ocean ecosystems (depths >200 m)

2. Deep-sea and deepwater ecosystems (non-
coral)

Open seas along the Mid-Atlantic Ridge

3. Geomorphologically complex offshore
systems (canyons, seamounts, shelves)

Canyons, seamounts, and shelf areas

3. Geomorphologically complex offshore
systems (canyons, seamounts, shelves)

Deep-sea canyons (up to 1,000 m)

3. Geomorphologically complex offshore
systems (canyons, seamounts, shelves)

Offshore sandbanks

3. Geomorphologically complex offshore
systems (canyons, seamounts, shelves)

Mixed ecosystems

5. Other and mixed or coupled ecosystems
(including land—sea systems)

Coupled marine and (degraded) terrestrial
ecosystems

5. Other and mixed or coupled ecosystems
(including land—sea systems)

Ecosystem type not explicitly reported (N/R)

5. Other and mixed or coupled ecosystems
(including land—sea systems)

Source: Deliverable D4.1 Excel Sheet
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Timeline of Conservation and Restoration Studies Reviewed for Deliverable 4.1

Figure A and Figure B include a timeline of the reviewed studies on the conservation and restoration

of deep-sea systems. Each study summary includes its main objective and main findings.

Timeline of studies (Conservation)
Dark blue text = also included in Restoration

. Wallmo and Edwards Objective: Estimate non-market values for MPAs while
accounting for heterogeneous public preferences. Main results: The analysis
identifies distinct preference groups, showing that average values can mask
important differences in public support.

McVittie and Moran Objective: Estimate non-use benefits of Marine
®——__|Conservation Zones in the UK for palicy appraisal. Main results: The
study finds substantial non-use values, supporting the inclusion of public
benefits in marine conservation policy evaluations.

Ressurreicdo et al. Objective: Estimate public willingness to pay to avoid
marine species loss in open-sea environments. Main results: The results
indicate positive values for preventing biodiversity loss, supporting
conservation beyond coastal settings.

Roberts et al. Objective: Test whether divers are willing to fund
terrestrial conservation actions that improve coral reef conditions. Main
results: Divers show willingness to pay when terrestrial actions deliver
marine benefits, suggesting cross-ecosystem financing potential.

2008 2010 2013
Publication year

Figure A.1 Timeline of Conservation Studies (2008-2013)

Timeline of studies (Conservation)
Dark blue text = also included in Restoration

’\Jobstvcgt et al. Objective: To estimate how much the public is willing
to pay for additional marine protected areas in the Scottish deep sea.
Main results: The study finds that Scottish households are willing to pay
for protecting deep-sea biodiversity, particularly valuing the existence

of deep-sea species and the option to use deep-sea organisms for future
medicinal purposes.

.\LaRiviere et al. Objective: Examine how knowledge and information signals

affect willingness to pay for a public good. Main results: Providing
credible knowledge signals increases willingness to pay among informed
individuals, showing that information can shape valuation outcomes

\IAanesen et al. Objective: To estimate how much people are willing to pay
to increase the protection of cold-water coral in Norway, an unfamiliar
deep-sea ecosystem. Main results: The study finds a positive and relatively
high willingness to pay for increased cold-water coral protection, even
though such protection could restrict oil, gas, and fishing activities.

Noring and Hasselstrom Objective: Estimate willingness to pay for reducing
oil spill risks in Arctic marine ecosystems. Main results: Willingness

to pay varies with perceived spill risk and ecosystem service concerns,
{highlighting the role of risk perception in valuation.

2014 2015 2016
Publication year

Figure A.2 Timeline of Conservation Studies (2014-2016)
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Timeline of studies (Conservation)
Dark blue text = also included in Restoration

®~__Sandorf et al. Objective: Examine how knowledge affects decision-making and
attribute attention in choice experiments on cold-water coral protection.

Main results: Greater knowledge reduces attribute non-attendance, meaning
informed respondents process conservation choices differently.

Stefanski and Shimshack Objective: Estimate economic values for expanding

®—_lthe Flower Garden Banks National Marine Sanctuary. Main results: The study

finds positive public values for marine biodiversity protectionArmstrong et al. Objective: Estimate public willingness to pay for

inform sanctuary boundary decisions. protecting cold-water coral ecosystems while accounting for trade-offs
with economic activities. Main results: The results show that people place
positive value on cold-water coral protection, indicating that conservation
benefits can outweigh some competing uses.

Hynes et al. Objective: Evaluate whether exposure to a major nature
documentary influences environmental preferences and willingness to pay.
Main results: Exposure to the documentary is associated with stronger
environmental preferences.

2016 2019 2021
Publication year

Figure A.3 Timeline of Conservation Studies (2016-2021)

Timeline of studies (Conservation)
Dark blue text = also included in Restoration

’\ Hynes et al. Objective: Test whether stated environmental preferences and
willingness to pay changed during the Covid-19 pandemic. Main results: The
results suggest that stated environmental values and willingness to pay
remain broadly stable despite major economic and public health shocks.

Ison et al. Objective: To assess tourists’ awareness of seamount ecosystems
’\ and their willingness to pay for increased protection of seamount
biodiversity within the Galapagos Marine Reserve. Main results: The study
finds that tourists are willing to pay, on average, an additional US$48.93

on top of existing entrance fees to support seamount conservation.

Xuan et al. Objective: Estimate willingness to pay for conserving high-seas
®——  ___lecosystems beyond national jurisdiction. Main results: The public places
positive value on high-seas conservation, with variation across countries
reflecting differences in context and distance.

Ankamah-Yeboah Objective: Assess public preferences for different deep-sea
conservation outcomes in Norway and Scotland. Main results: Respondents
show positive willingness to pay for deep-sea conservation, with

preferences differing by country and by the type of ecosystem attributes
protected.

2021 2022
Publication year

Figure A.4 Timeline of Conservation Studies (2021-2022)
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Timeline of studies (Restoration)

'\ McVittie & Moran Objective: To value the non-use benefits of establishing
Marine Conservation Zones in the UK. Main results: The estimated

willingness to pay demonstrates that non-use values are substantial

and relevant for evaluating marine conservation policies alongside

implementation costs.

3 Ojea & Loureiro Objective: To estimate the non-use benefits of recovering

\overexploited fish stocks in Spain. Main results: Rebuilding stocks such as
hake and Norway lobster generates welfare gains, even for individuals who
do not directly consume or harvest these species.

Wattage et al. Objective: To assess the economic value of conserving
deep-sea corals in Irish waters through marine protected areas. Main
results: Results indicate that the public values protection of deep-sea
coral ecosystems under alternative MPA designs.

Norton & Hynes Objective: To value the non-market benefits associated

with achieving Good Environmental Status under the EU Marine Strategy
Framework Directive. Main results: Marine environmental degradation entails
measurable welfare losses, demonstrating that the benefits of achieving
environmental targets under the MSFD can be quantified and compared with
policy costs.

2010 2011 2014
Publication year

Figure B.1 Timeline of Restoration Studies (2010-2015)

Timeline of studies (Restoration)

Shen et al. Objective: To estimate Japanese residents’ willingness to
pay for open-ocean ecosystem services. Main results: Results show that
preferences differ across service attributes, illustrating how choice-based
conjoint analysis can identify which ecosystem services the public
prioritizes most.

Borger et al. Objective: To value conservation benefits of an offshore
marine protected area in the UK Dogger Bank. Main results: The study
demonstrates that support for marine protection exists even when prior
knowledge of offshore planning is limited.

Borger et al. Objective: To examine whether stated-preference methods
can support offshore marine planning decisions in the UK. Main results:
Stated-preference valuation can quantify benefits of offshore ecosystem
changes that are otherwise difficult to capture in marine planning.

O’'Connor et al. Objective: To estimate the societal benefit value of

restoring the Dohrn Canyon deep-sea ecosystem in the Bay of Naples. Main
results: Italian respondents expressed a positive willingness to pay for
deep-sea restoration despite the ecosystem being remote and unfamiliar.

2015 2020
Publication year

Figure B.2 Timeline of Restoration Studies (2015-2020)
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Timeline of studies (Restoration)

Hynes et al. Objective: To evaluate whether exposure to nature
\documentaries influences environmental preferences and willingness to pay.
Main results: Exposure to nature documentaries increases preferences for

ambitious marine management outcomes, however, shifts in preferences may
not always translate into shifts in payment behavior.

. Hynes et al. Objective: To test whether environmental preferences and

\_willingness to pay changed during the COVID-19 pandemic. Main results:
The results suggest that major economic and public health shocks do not
substantially disrupt stated environmental values.

Xuan et al. Objective: To estimate public willingness to pay for conserving
high-seas ecosystems beyond national jurisdiction. Main results: Results

b indicate that improved governance of the high seas can generate welfare
gains by protecting valued ecosystem services.
Ankamah-Yeboah et al. Objective: To assess public preferences for deep-sea
ecosystem conservation in Norway and Scotland. Main results: The study
finds positive willingness to pay for deep-sea conservation, with notable
heterogeneity across respondents.
2021 2022

Publication year

Figure B.3 Timeline of Restoration Studies (2021-2022)

Timeline of studies (Restoration)

b Chen et al. Objective: To assess the ecosystem service benefits and costs
of deep-sea ecosystem restoration. Main results: The study shows that
deep-sea restoration can generate net social benefits even when restoration
costs are high.

Burton et al. Objective: To document public knowledge, perceptions, and
values regarding the South-east Commonwealth Marine Reserves Network in
Australia. Main results: Variation in public awareness and support for

marine reserves and demonstrates that information provision influences
perceived value and support for conservation.

Czajkowski et al. Objective: To examine how assumptions about
willingness-to-pay distributions affect inference in contingent valuation
studies. Main results: The paper shows that estimated willingness to pay is
sensitive to distributional assumptions.

Pereira et al. Objective: To assess how people in Costa Rica value and
connect with deep-sea methane seep conservation. Main results: Willingness
to pay increases with knowledge, awareness, and emotional connection to
the deep sea, indicating that deep-sea literacy plays a key role in shaping
conservation values.

2022 2024
Publication year

Figure B.4 Timeline of Restoration Studies (2022-2024)
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