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Abstract

In the last 15 years, conservation has shifted increasingly towards perspectives based on the
instrumental value of nature, where what counts is what provides benefits to humans. The
ecosystem services framework embraces this vision of nature through monetary valuation of
the environment to correct market failures and government distortions that hinder efficient
allocation of public goods, including goods and services provided by biodiversity and
ecosystems. The popularity of this approach is reflected in different countries legislation; for
instance, US, EU and UK have introduced economic criteria for comparing costs and benefits

of environmental policies in protecting ecosystem services.

From an operational perspective, the ecosystem services framework requires ecologists to
estimate how the supply of services is affected by changes in the functionality and/or the

extent of ecosystems; and economists to identify how changes in the supply affect the flow of



direct and indirect benefits to people. However, this approach may be simplistic when faced
with the complexity of social-ecological systems. We investigated this for three different
marine services: assimilative capacity of waste, coastal defense and renewable energy. We
find that economic valuation could provide efficient and fair allocations in the case of
assimilative capacity, but leads to social clashes between outputs generated by cost benefit
analysis and citizens’ expectation in the case of coastal defense. In the case of renewable
energy, controversies can be generated by regulatory mechanisms that are not necessarily
aligned with the interests of industry or important social groups. We conclude that there is a
need to integrate perspectives arising from utilitarian allocation of resources with those
involving legislation and communal values in order to reconcile conflicting interests and

better sustain marine social-ecological systems.

Keywords: marine ecosystem services, economic valuation, legislation, social-ecological

systems, complexity

Highlights

1. A social-ecological framework analyses three marine ecosystem services (ES)

2. Assimilative capacity, coastal defence and renewable energy are object of study

3. The role of economics, regulation and civil society is debated for the three ES

4. Economics shows some axiomatic issues in guaranteeing the provision of these ES

5. Other institutions are required to enable social learning and conflicts resolution



1. Introduction

Ecosystem-based management principles (Garcia et al. 2003) have led to new forms of
governance and management of natural resources. In terms of coastal and marine resources,
there has been a proliferation of new paradigms, such as those for ecosystem-based fisheries
management (Garcia et al. 2003; Staples et al. 2014), Integrated Coastal Zone Management,
Marine Spatial Planning and the Ecosystem Services framework within public policy
processes (Fisher et al. 2009). From an operational perspective, the ecosystem services
framework requires ecologists to estimate how ecosystems supply services supported by
complex ecological functions and processes; economists and other social scientists to identify
how changes in ecosystem services provision affect the flow of direct and indirect benefits;
and ecologists and economists to work together to define how services are provided under the
complex interactions of social-ecological systems. For policymaking purposes, the ecosystem
services framework can be seen as a tool for integration of environmental, social and
economic knowledge (Danley and Widmark 2016). It can be used to conceptualise the social
system as the human users of the ecological system (Binder et al. 2013) and contributes to the
renaissance of the conservation paradigm “nature for people” (Mace 2014), where decisions
are derived on the basis of instrumental support (generation of wellbeing) from nature to

humans.

The broad diffusion of the ecosystem services framework was promoted by the surge of
monetary valuations that have in turn stimulated implementation of finance mechanisms
based on nature commodification (OECD 2013). This is reflective of a perceived increased
influence of economic decisions in policy mechanisms (Pearce et al. 2006; Carey 2014): in
those contexts where system uncertainty is limited, and decisions are top-down, monetization

has become the common denominator to discriminate positive and negative impacts of



decision-making on human wellbeing, and Cost Benefit Analysis (CBA) the tool of choice to
classify good and bad projects, and policies through a technocratic approach aimed at
maximising social welfare (Funtowicz and Ravetz 1993; 1994). These monetary approaches
are part of a utilitarian, efficiency-based way of thinking grounded in the moral aim to
provide the greatest volume of net benefits (expressed as a monetary measure of utility) for
the aggregate of people affected by a decision, independent of the nature or distribution of

benefits and costs.

In recent years, however, this utilitarian perspective of ecosystem service management has
been evolving into an approach that better recognizes the two-way dynamic relationship
between people and nature (Mace 2014, Carpenter et al. 2009). Nature and society can be
seen as the two interlinked components of social-ecological systems where democratic debate
and institutional regulations are recognised mechanisms to allocate environmental resources;
both directly and by providing boundaries and constraints for markets to operate (Tett and
Sandberg 2011). From this perspective, ecosystem services can be seen as socially and
institutionally structured. More broadly, the coupled nature of social and ecological systems
means they should not be seen as an independent flow from ecosystems to humans but as co-
produced and culturally co-constructed (Church et al. 2014; Fish et al. 2016; Jones et al.

2016; Fischer and Eastwood 2016; Kenter 2018) by society.

While systemic ideas of ecosystem services have started to evolve and become more
prominent in the ecosystem services literature, they have seen little penetration of the marine
ecosystem services field. Recent economic literature on marine services has focused on
scientific limitations in linking ecological functioning and services, and on the challenge of
adopting stated preference valuations where knowledge on ecosystem services generated by
unknown marine ecosystems is limited (Jobstvogt et al. 2014a; 2014b; Hanley et al. 2015).

Moreover, this literature has little analysed the role of society, and institutions, in the



production of ecosystem services (Rova and Pranovi 2017). This paper is novel in
exemplifying the role of social and legislative aspects in marine ecosystem service provision,

in contrast to addressing marine services only through a welfare-based economic valuation.

Society-nature interactions in marine systems have traditionally been addressed within
technocratic frameworks, such as DPSIR (Luiten, 1999). Since it was proposed by OECD,
the DPSIR framework has evolved. Patricio et al. (2016) evaluated more than 25 schemes
produced to analyse decision making across ecosystems, but they found that there is a limited
use in marine ecosystems; to fill this gap, Elliot et al. (2017) developed a new DPSIR-like
concept to be more effective for marine ecosystem management. The importance of local
stakeholder perspectives has been more recently recognised in the valuation (Murray et al.
2016) and quantifications of ecosystem services within broader social perspectives (Gari et
al. 2015; Orchard-Webb et al. 2016). Furthermore, international surveys show that linking
ecosystem services and human wellbeing, and integrating economics, natural and social
sciences into ecosystem services assessments, are important research issues (Rivero and
Villasante 2016; Bull et al. 2016). These contributions emphasise the need for a greater
inclusion of stakeholders positions (views) into the decision-making process, as

recommended by principle 11 of the Ecosystem Approach (CBD 2004).'

It is recognised that although the marginal approach to valuation (i.e. based on mathematical
functions to assess incremental changes of the value of an environmental good or service) can
provide a pathway towards the efficient management of some resources and ecosystem
services (Tscherning et al. 2012), broader shared, cultural and ethical values may additionally

influence the acceptability of different management decisions (Farber et al. 2006; Rehr et al.

1""The ecosystem approach should consider all forms of relevant information, including scientific and

indigenous and local knowledge, innovations and practices"



2012; Kenter et al. 2015; Raymond and Kenter 2016) and improve fair allocations of
ecosystem services amongst stakeholders (Ranger et al. 2016, Orchard-Webb et al. 2016).
Decision-makers are faced with the dilemma of how to balance ecological, economic, and
broader shared, social and cultural values. Moreover, addressing who is the recipient of
particular benefits and costs from ecosystem services and how this inter-relates with property,
legal and other rights and obligations, is an essential part of democratic governance.
Monetary aggregations of individual, self-regarding preferences within CBA does not
accommodate an impartial distribution of natural resources (Turner et al. 2014; Kenter et al.
2015; Irvine et al. 2016). Although distributional analysis of impacts and equity weighting
can be included into CBA (Pearce et al. 2006), this raises questions of how to weight
different benefits and costs and dimensions of value, generating the need for deliberation
(Kenter et al. 2014b; 2015). For example, multiple “balance sheets” (Turner, 2016) can be
generated to accommodate plural and collective views into decisional processes particularly
to address the management of natural resources at local scale. The recognition of pluralistic
ways of conceiving of and integrating plural values and non-statutory social norms through
deliberative processes (Kenter 2016a; Kenter et al. 2015) takes the valuation of ecosystem

services well beyond the utilitarian framework.

In this paper, we show some methodological and axiomatic issues in the monetary valuation
of ecosystem services and then, building on the social-ecological systems model proposed by
Tett and Sandberg (2011), we explore the limits of the choice of a pure utilitarian approach in
a marine and coastal context, with examples of three different marine ecosystem services.
Tett and Sandberg (2011) model, formulated to support Integrated Coastal Zone
Management (ICZM), proposed decisional mechanisms within the environmental governance
of natural resources as triggers of supply and demand of ecosystem services not yet described

in recent ecosystem services frameworks proposed for example in the UK NEA (2011) and



by IPBES (Diaz et al. 2015). We show how to synthetize the link between the Tett and
Sandberg (2011) model with the McGinnis and Ostrom (2014) framework for common
resource management to complement Habermas’ theory of society (1987) that deals little
with human-environmental relationships, to explicit the influence of social and institutional
aspects on the traditional allocations of resources vaguely expressed in the UK NEA (2011)

and IPBES (Diaz et al. 2015) frameworks.

2. Methodological and axiomatic issues in ecosystem services valuation

Policy-makers and regulators are placing increasing demands on economists to supply
environmental values for use in policy analysis (Hanley et al. 2015). For example, EU
Directives such as the revised Bathing Waters Directive (2006/7/EC) and the Marine Strategy
Framework Directive (MSFD- 2008/56/EC), and the 1996 amendments to the US Safe
Drinking Water Act, all depend on economic analysis to assess the costs and benefits of
improving water quality. In the UK, recent conservation legislation embedded in the Marine
and Coastal Access Act 2009 and the Marine Scotland Act 2010 requires economic impact
analysis to assess the benefits and costs of designating new marine protected areas (MPAs).
Benefits and costs of implementing such policies can be synthesized in the CBA framework
to provide a ranking of more or less efficient options. Furthermore, estimation of benefit -
cost ratios can identify cases where derogations can be sought if costs are extremely high
compared to the social benefits (Atkins et al. 2007). Examples of studies that resulted from
this policy impetus include Hanley et al. (2003) and Hynes et al. (2013), who assessed the
benefits of improving coastal water quality, while Ostberg et al. (2012) and Norton and
Hynes (2014) assessed the monetary benefits of achieving good environmental status (GES)
in EU marine waters. Research within the UK addressed the economic benefits for

designation of a network of MPAs, showing figures of nearly £17 billion in present value



(Mc Vittie and Moran, 2010). Estimates of cultural and recreational values of MPAs were
undertaken as part of the UK National Ecosystem Assessment by Jobstvogt et al. (2014a) and
Kenter et al. (2013). The latter estimated the present value of additional non-use benefits of
marine protection between £0.7 and £1.3 billion and a benefit-cost ratio of between 1.1 and
5.8 for designating a comprehensive network of 127 new MPAs in England (depending on
what implementation measures would be put in place). The importance of valuation is
recognized also in those aspects of coastal management that have not yet received formal
legislative support. For example, the implementation of “blue carbon” markets (Hejnowicz et
al. 2015) can be facilitated by showing monetary tradeoffs between different ecosystem

services and associated beneficiaries (Beaumont et al. 2014).

Two main issues are emerging in the environmental economics of resource management. The
first is the reliability with which ecology and economics can calculate a utility change from a
change in ecosystem services provided by the environment. The second concerns the need to
understand the limits of neo-classical economic approaches in relation to their ability to

inform decisions around natural resource management, and what other kinds of valuation can

or should be used to complement economic information.

Concerning the first issue, we note that what is required is a quantitative understanding of
linkages between ecosystem function, ecosystem services, and human well-being. In many
marine cases, we do not know enough about these links. For example, we have limited and
uncertain knowledge about the role of the deep-sea in terms of supporting and regulating
services, and there may be significant unknown potential in terms of genetic and chemical
resources (Jobstvogt et al. 2014b). In the case of energy production from marine renewables,
the valuation of the resulting externalities on provisioning (fisheries), and regulating (climate
change, nutrient regulation) services remains uncertain (Papathanasopoulou et al. 2015). In

other cases the linkages are known to be non-linear, as for example shown for mangrove



ecosystems by Barbier et al. (2008) and in some cases involving tipping points with abrupt
changes in species abundance, community composition and trophic organization in the
marine food web (Collie et al. 2004). Furthermore, economic valuation techniques also have
significant limitations. For example, the use of stated preferences methods for valuing
biodiversity, where participants are asked for their willingness to pay for a gain or
willingness to accept for a loss of ecosystem services, is limited by stakeholders' lack of
knowledge and experience of ecosystem functions and services (e.g. those of the deep sea),
although researchers have nonetheless attempted to assess values for these unfamiliar
ecosystem services in recent years (Glenn et al. 2010; Armstrong et al. 2012; Jobstvogt et al.
2014b). There have been only very limited changes in environmental economic valuation
methods during the last 40 years (Hanley and Barbier 2009) to address such issues; primarily
the introduction of choice experiments for natural resource valuation and the more recent
development of deliberated preferences techniques (Alvarez-Farizo et al. 2007; Kenter et al.

2011; Kenter 2016b; Kenter 2017).

Concerning the second issue, even when ecological and economic uncertainty can be
minimized and a robust economic valuation carried out, policy and management justified by
efficiency-based economic tools can suffer from challenges to decisions when they do not
address equity issues and reflect broader shared and cultural values (Irvine et al. 2016).
Moreover, where national policies increasingly require technocratic tools such as CBA, at
local and regional scales decision makers are more likely to benefit from evidence that is
generated in a more participatory way, and which engages key stakeholder interests (Reed
2008; Ravenscroft 2010; Kenter et al. 2014a,b; Ranger et al. 2016). In some cases, the
adoption of CBA on its own limits the pluralism required to address multifunctional systems
with many stakeholders (Seppelt et al. 2011), and, furthermore, addresses only

anthropocentric and single users’ preferences when valuing ecosystem services benefits



(Burkhard et al 2014; Queiroz et al 2015). Science has a role to play in this deliberation, but
new tools addressing the issues of a post normal science are required (Funtowicz and Ravetz,
1994, Ravetz 1996, Waltner-Toews et al. 2008; Ainscough et al. 2018). There is a need for an
integrated natural and social science approach as part of an ongoing adaptive assessment
process to understand how public and stakeholder values and preferences respond to new
information and deal with more decisional power to reduce uncertainty (Funtowicz and
Ravetz 1994; Milon and Scrogin 2006). Thus, a broader vision encompassing a range of tools
and approaches is needed, to allow differences in stakeholders’ interests to be deliberated in
public and diverse views and values to interact with ecosystem governance (Fisher et al.
2015; Hattam et al. 2015). A possible way to bring in alternative institutional and social
approaches is offered by the concept of social-ecological systems (Berkes and Folke, 1998).
In some social-ecological models describing ecological functions to humans, integration
between ecological functioning (natural component of the ecosystem) and human activities
(the economic component of the anthropogenic system) has been facilitated by the
implementation of the DPSIR approach (de Jong et al., 2012; Nassl and Loffler, 2015;
Patricio et al., 2017). Other approaches to socio-ecological models more applicable to our
study emphasize the importance of governance as the element balancing the two-way
interactions between human wellbeing and ES provided by natural capital (stocks of natural
assets which include geology, soil, air, water and all living things) (UK NEA 2014; Diaz et
al., 2015). Governance is also seen as one of the four elements determining the action-
situation of common pool resources in Ostrom (2007) and McGinnis and Ostrom( 2014)

(Figure 1).

Figure 1 here



Rova and Pranovi (2017) have linked Ostrom’s approach explicitly to an ecosystem services
conceptualization. Under this framework, the services may be either what Rova and Pranovi
(2017) distinguish as ‘mediated flows’ (in which the resource units are themselves consumed
and mediated by the need of human and built capital, for example by a fishery) or what they

call “‘direct flows’ (in which the units are used for their ecological functions).

Our approach uses the social-ecological framework proposed by Tett and Sandberg (2011)
and Tett et al. (2013), which distinguishes three ways in which society manages ecosystem

services.

Figure 2 here

Figure 2 is a conceptual model that is both an ontological representation of key processes in
society in relation to ecosystem services, and an epistemological claim that the analysis of
such a system requires the joint efforts of economics, sociology and ecology to determine
solutions that must have the property to be economically efficient, socially equitable and
ecologically sustainable. The diagram shows three mechanisms that distribute services
provided by natural capital: the market, top-down regulation, and collective arrangements.
The market is the domain of individual interacting choices by consumers and firms. Top-
down regulation seeks to harmonise societal life at a central level. Collective arrangements
are the agreements and rules that groups harness to inform bottom-up collective actions.
These three mechanisms correspond to three components of Habermas’ model of society
(Habermas 1987, figure 39). The first two mechanisms involve the institutions of media-
steered subsystems, where the media are money (in the case of the market) and power

(legitimately exercised by elected governments). The third set of mechanisms are those of the



public and private spheres that in the Habermas’ model are called lifeworld, i.e. the
environment where ideas of social importance are mediated through cooperative action
undertaken by individuals based upon mutual deliberation and argumentation. Because there
is little in Habermas’ theory that deals with human-environment relationships (Skollerhorn
1998; Cameron 2009), we combine the concept of the three mechanisms with Ostrom’s
categorization of the factors needing to be evaluated in understanding ‘action situations’ that
involve the use of natural resources (Figure 3). The primary factors to be described are those
specifying the type and functionalities of the resource system, the resource units, the
(resource) users, renamed as actors by McGinniss and Ostrom (2014), and the governance
system of the local social ecological system (Ostrom 2007, 2009). We equate resource
systems with ecosystems including any human modifications thereof, and the resource units
with what is providing the ecosystem service required by the users. Ostrom's users can be co-
located within the two spheres of the lifeworld, while Ostrom's governance system (Figure 1)
whose component are the Economic System, the Administrative System, and Civil Society,
corresponds to the main mechanisms of our three routes for societal management of the
benefits of ecosystem services (Figure 2), and to the Economic System, the Administrative
system, and the Private & Public Spheres proposed by Habermas’ model of society (1987)

(Figure 3).

Figure 3 here

Finally, almost all social ecological systems (excepting that of the planet Earth as a whole)
are embedded in larger scale social ecological systems, and it is thus necessary to take

account of related ecosystems and social, economic and political settings (Ostrom 2007). Our



three mechanisms tend to operate on different scales: the life world mechanisms are largely
local, whereas the economic settings correspond to the scales of national economies which
are in turn strongly influenced by globalised flows of commodities and capital, and the
political (and legal) settings are in the UK’s case ostensibly national, but in fact strongly
influenced by trans-national agreements including, for the time being, those associated with
membership of the EU. Thus, it will be necessary to take account of tiers of governance

(Ostrom 2007).

3. Implementation of the methodological approach in three examples from the UK

Taking the classification of services provided by the UK National Ecosystem Assessment
(UK NEA 2011; 2014) and CICES (2017)2, we consider two regulating services (assimilative
capacity from a sea-loch and coastal defense provided by managed realignment), and one
provisioning service (generation of renewable energy from offshore winds and marine
physical processes), whose location is shown in Figure 4. The aim is to understand and
describe how utilitarian (money-steered) solutions may run up against complex social issues,
and suggest how the traditional allocation of resources might be better integrated within
social and institutional processes to help achieve sustainable use of marine ecosystem

services.

Figure 4 here

? The UK NEA (2011) does not consider energy production an ecosystem services like CICES (2017), but

provides the definition of assimilative capacity used in section 3.1



3.1 Assimilative capacity

The assimilative capacity is the ability of a water body to absorb a certain amount of the
unintentional by-products of a human activity and to convert them in non-damaging and even
beneficial products (Tett et al. 2011a). The UK National Ecosystem Assessment (UK NEA,
2014) views assimilative capacity as an indicator for the intermediate ecosystem service
contributing to the removal of waste which falls into the category of regulating services.
Although it is important for accounting reasons to avoid the monetary quantification of
intermediate services (Turner et al. 2014), it is worthwhile to explain the indirect benefits
accruing to society from assimilative capacity and in what terms economics can play a

pivotal role in protecting it.

To exemplify the importance of this service, we refer to the specific case of Loch Creran (a
resource system )3 , a sea-loch (fjord) in western Scotland (Tett and Wallis 1978; Tett 2008)

(Figure 5).
Figure 5 here

This is a site where farms for salmon and bivalves, moorings and yacht anchorages, and a
Special Area of Conservation (an EU protected area designation) co-exist (Buchan and
McConnel 2006; Tett 2008). Therefore, amongst the obvious goods/benefits (outcomes)
accruing to people and society from this loch are those categorized by the UK NEA (2014) as
“farmed food” and “tourism and nature-watching”. The benefits from the farming of fish and
from services to tourism and recreation depend on two key ecosystem processes underlying

assimilative capacity: the circulation of water and the burial and breakdown of organic matter

* In the sections 3.1, 3.2 and 3.3, the terms in the bracket and in italics refer to element of the governance for

common resources as described by McGinniss and Ostrom (2014)



(Figure 6), which neutralize or export nutrients, brought into the system from the catchment
and fish farms, that might give rise to eutrophication. However, if the nutrient emissions
exceed a threshold, not only will there be contamination of the watercourses, but the buffers’
assimilative capacity will be impaired (Fromm 2000). Under the latter circumstance, the
assimilative capacity can be treated as a normal economic good showing a decreasing benefit

as a function of the level of service provided.

Figure 6 here

If there were no such capacity, fish farmers would need to collect and process waste as city-
dwellers are required to do. This suggests a simple method for pricing the assimilative
capacity based on replacement cost of installing waste treatment at a fish farm to achieve
degradation of, for a typical farm with a consented maximum of 1500 tonnes of fish, 104
tonnes of nitrogen and 25 tonnes of phosphorus per year (Tett et al. 2011b), a waste
production equivalent to a city of about 10,000 people (Tett et al. 2008). Other approaches
valuing welfare at the aggregate level could price this service based on stated or revealed
preferences for marginal changes of recreational activities in the loch determined by water
quality modifications (Hanley et al. 2003, Hynes et al. 2013), or changes in productivity in
capture fisheries or shellfish aquaculture by the production function approach (Oczkowski

and Nixon 2008).

The possibility to get benefits from this service depends on the regulatory and economic tools
arranged by the governance system to reduce free riders. Although fish farms pay rent to the
Crown Estate (an independent commercial business managing a real estate portfolio owned
by the UK Government) for their use of the seabed as an anchorage, this rental does not
explicitly include any element of paying for ecosystem services. The Scottish portfolio of the

Crown Estate, including almost all fish farm leases, has recently been transferred to the



oversight of the devolved Government of Scotland (Anonymous, 2017). A recent review
(GVA Grimley Ltd, 2016) states rents to be 0.025 GBP per kg annual fish production and
justifies these in relation to industry profits rather than use of marine resources. Because the
cost of pollution is not internalized, water pollution represents an aspect of the tragedy of the
commons (Hardin 1968) and it is rational to make use of “free” assimilative capacity rather
than sharing the cost of farm waste treatments. The limited progress so far made with the
solution of this problem is addressed by regulation, without necessarily achieving efficiency.
Scottish local governments give development consent to farms subject inter alia to the
Scottish Environment Protection Agency (SEPA) issuing a license to discharge waste under
the Scottish 'Controlled Activities regulations' (Tett et al. 2015), and set an upper limit to a
loch's farming capacity, based partly on the “Equilibrium Concentration Enhancement”
model of Gillibrand & Turrell (1997). In other words, the estimate of capacity depends on a
socially-agreed limit to the use of the watershed, by reducing the intensity of aquacultural
production and of agricultural inputs (i.e. organic production, tuning timing of fertilization
and ploughing, etc. - Schoumans et al. 2014), or by promoting integrated multi-trophic
aquaculture where shellfish or seaweed absorb some of the salmon nutrients (Tett et al.

2011b).

In the case of Loch Creran, limits imposed by SEPA have been respected and no
environmental externalities have been emerged so far. However, if these regulations failed,
assimilative capacity would be reduced (i.e. become, in economic terms, a scarce good) and
then perceived as a valuable resource (price higher than zero). Economics could intervene in
this case allowing for users of this service to bargain the reduction of the harmful activities
against monetary compensation so as to achieve the solution that provides the highest net
social benefits to the parties overall, including the public (Coase 1960). Market approaches to

environmental protection such as water quality trading have been adopted in the U.S.,



Canada, Australia and New Zealand (Selman et al. 2009). However, efficacy may be reduced
by the likely high number of stakeholders involved and consequent transaction costs (Coase
1960). This makes the case for an alternative approach, where the state intervenes when
pollution becomes a social concern, based on charges to remove the market failure of
unaddressed pollution in economic transaction of marketed goods (Pigou 1932), as adopted
with success in the Netherlands (Elkins 1999). Both approaches are meant to achieve
environmental goals at a lower cost to society than a regulatory solution (UNEP 2010),
reaching the point that makes the polluter indifferent between further treatment and discharge
of pollutants. In other words, each polluter will be reducing pollution up to the point that the

marginal cost of pollution to the society will equalize his private benefits from polluting.

Such economic mechanisms can succeed only under well-established institutions that set who
has the right to use the service (fish farm polluter, agriculturist, etc.) and who has the right to
be compensated. In the example of Loch Creran, an alternative approach to regulation is not
needed because none of the three types of signals (economic, social, institutional) described
in Figure 2 have emerged so far. Economic valuation of assimilative capacity requires
perception of the scarcity of this ecosystem service; social analysis of assimilative capacity
requires the emergence of a sense of health danger amongst stakeholders; and institutional
intervention requires the definition of property rights between actors before discussing the

optimal level of externalities and marginal rate of economic exchange between the parties.

3.2 Coastal defences

To counteract the effects of coastal flooding, stronger hard defences are often demanded by
citizens, whereas public bodies are concerned with the high construction and maintenance

costs of adequate sea-walls. Furthermore, such defences may also impact on the integrity of



coastal habitats (French 2001) that if kept in place can provide ecosystem services, including
natural hazard protection (absorbing flood and storm energy), and can generate economic
benefits in terms of avoided damages to coastal capital assets as well as satisfying well-being

needs arising from broader social and cultural values (Figure 7).

Figure 7 here

Natural defences, if trapped between a sea-wall and the rising sea, are subject to accelerate
erosive processes and in turn unprotected sea-walls become increasingly exposed to high
energy waves. An alternative to hard defences is managed re-alignment of coastal habitats
(resource system). The sea is allowed to flood low value land and convert it to natural coastal
habitats, which slowly adjust to rising sea level: beaches maintain natural profiles and salt
marshes dampen wave energy and trap silt, protecting from storm and wave actions (Defra
and EA 2005; Feagin et al. 2008; Koch et al. 2009). In addition, coastal saltmarshes provide
other benefits in terms of regulating services (outcome) such as carbon sequestration (Cannell
et al. 1999, Choi & Wang 2004, Beaumont et al. 2014), functioning services such as nutrient
cycling (Howard et al. 2014), sheltered nursery sites for fish (Laffaille et al. 2000), and high
tide refuges for birds, contributing to fulfil nature conservation objectives such as those
associated with the creation of the EU Natura 2000 network (Doody 2008). Multiple
ecosystem services such as healthy climate (via carbon sequestration and storage), food
provision (via fisheries production in nursery grounds), and nature recreation (nature
watching and enjoyment) specifically provided by managed realignment schemes are

assessed by Luisetti et al (2011; 2014).

Several federal and national administrations provide public support to local projects if they
prove to generate benefits to the public and cover capital and operating costs. This is the case

in the USA (NOAA 2006) that in deciding how to allocate federal money to single states for



beach nourishment programmes requires the adoption of CBA for projects that receive public
funding. Similar considerations apply to the UK where CBA is required to assess the benefits
of policies (HM Treasury, 2003). Spending on flood defences has to be justified by benefits
such as the protection of property of a certain total value; when the value preserved is too
little, houses and farms may be abandoned to the rising waters. When the case for adopting
alternative strategies to hard defence of coastal capital assets is strong according to an
environmental CBA (taking into account externalities), managed realignment can be
considered a viable solution. The UK Natural Capital Committee (NCC 2015) action plan for
saltmarsh protection estimates a benefit-cost ratio of 2 - 3:1 in flood reduction and habitat
gain from managed realignment, even without taking into account possible additional and
long term gains provided by carbon sequestration or other unpriced regulating services

beyond flood protection.

In these cases, the coastal defence service is valued at what it would have cost to build or
maintain sea-walls, less the value of sacrificed land, plus the value of services provided by
the new natural habitats. Shepherd et al. (2007) and Andrews et al. (2006) estimated that
managed realignment projects would pay off after 25 years for schemes applied to the
Humber estuary (northeast England) and after 50-100 years for the Blackwater estuary
(southeast England), due in part to the value of the additional ecosystem services created by
the re-alignment. Examples of CBA where net present values (NPV) of managed schemes are
compared to NPV of keeping the defence (status quo) are provided by Turner et al. (2007)
and Luisetti et al. (2011) for the Humber and Blackwater estuaries, respectively, under
different policy scenarios, discount rates and lifespan of the schemes. For the Blackwater,
NPVs were between -£24m and £37m, casting doubt on the viability of a realignment. The
Humber case, however, showed only positive NPVs, between £70m and £300m. The results

for the two examples highlight that the values are sensitive to the scale of the realignment



scheme and the local topography, and thus a general conclusion cannot be provided (Luisetti

etal. 2011; 2014).

The Steart case (southwest England) is more complex. The low-lying land of the Somerset
Levels is at risk of flooding from both the sea and rivers. A managed realignment, to better
protect against the risk of marine incursions and at the same time to compensate for habitat
losses to hard defences elsewhere in the region, had been planned since 2002 and had been
evaluated as showing a net benefit to ecosystem services (da Silva et al. 2014). However, a
few months before the scheme was completed in September 2014, river-derived flooding
inundated large parts of the Levels. The causes of this flooding were disputed, ranging from
unusually heavy rainfall on already-saturated catchments (Anonymous 2014) to failure to
dredge the river channels, and the flood events led substantial popular doubt and opposition
in relation to the re-alignment works, backed up by hostile reporting in some newspapers and
issues raised in debate in the UK Parliament®. Although the Steart scheme was intensively
researched before it was executed, there remain at the time of writing competing expert and
popular narratives about flood prevention in the Levels that CBA has been unable to

reconcile.

This illustrates that environmental CBA is challenged where managed realignment policies
encounter political difficulties: in many cases, there is distrust among local communities
about government intervention and plans for coastal adaptation measures (Luisetti et al.
2011). Abandoning land and property to the sea is considered as dereliction of a state’s core
duty to protect its citizens. In the case of the Steart, opponents claimed that birds were put

before people and that the £20m spent on the re-alignment should have gone to hard flood

* HANSARD Commons 22 Jan 2014 vol 574 columns 124WH — 134 WQH, speech by Mr Ian Liddell-Grainger
MP in debate on flooding



defences instead of a “bird sanctuary”s. This opinion, steered by a sense of insecurity
following widespread river-basin flooding, expresses different value priorities than reflected
in the CBA, but also there is uncertainty of evidence that managed realignment will deliver
comparable ecosystem functionality to natural sites at different points in time (Morris 2013).
Luisetti et al. (2011) conclude that managed realignment, when there are potential flood risks
to a significant number of people and assets, provides a context for complex decision-making

in which CBA does not necessarily provide decisive information on trade-offs.

5> www.theguardian.com/ environment/2014/sep/08/20m-pound-salt-marsh-somerset-wildlife-habitat-ghts-sea-

erosion.



3.3 Marine renewables

The marine environment (resource system) can represent a source of energy potentially
meeting higher energetic demand (Astariz and Iglesias 2015). Offshore renewables are likely
to play an important role in a suite of technologies (Pelc and Fujita 2002), with wind, tidal
and wave energies (resource) a viable part of energy supply (Voke et al. 2013). The
governance system for offshore developments is not yet well framed in many countries
(Wright 2015), but it is commonly accepted that it requires (i) environmental impact
assessment (EIA) for reducing damages, (ii) conflicts minimisation between uses and users
(Scott et al. 2016; Graziano et al. 2017) to provide social and economic net benefits, and (iii)
a flexible regulatory framework (Wright 2015) that neither impairs the needs of developers
nor the wishes of civil society for an healthy environment. Considering the relatively young
age of marine renewable energy technologies, a gap in the knowledge of the information-
chain between the final service (energy) and effects on human wellbeing is evident in the
literature. An overview of environmental impacts on marine habitats and changes in
ecosystem services are provided by Papathanasopoulou et al. (2015) for nuclear, oil and gas
and offshore wind farm (OWF) industries. Some studies that focussed on OWF impacts and
marine renewables are categorised according to the ecosystem services framework in Table 1.
Overall, they show contradicting results on the likely impacts on provisioning and cultural

services, and thus far little evidence in terms of potential impacts on regulating services.

Table 1 here

In terms of the latter, the observed increase in mussel abundance at OWF is likely to increase
the capacity of the system to remediate waste as well as increasing food availability for other
species (supporting service) (Wilhelmsson and Malm 2008). As regards provisioning
services, there is a general lack of studies which investigate impacts of OWF on commercial

fishery species. OWFs may have positive effects on commercial fish and shellfish stocks



through artificial reef effects (Wilhelmsson et al. 2006). It is found that the temporary closure
of European lobster fishing ground due to OWF construction can benefit the increase in
abundance and size (Roach et al, 2018). Mussels, brown crab, cod, pouting, eel and sole have
been found to be more abundant near offshore turbines (Hooper and Austen 2014), but
increase in abundance or biomass of fish and benthic species is not universal across all sites
(Ashley et al. 2014) and does not automatically lead to an increase in catch rates within the

fishery (Hooper et al. 2015).

Studies on the perceived impacts of marine renewables on cultural ecosystem services are
also emerging. Ladenburgh (2009), reviewing some studies on the preferences for OWF in
relation to onshore development, showed that these preferences seem to be dependent on the
specific place of location offshore. However, aesthetic impacts can be significantly reduced
by locating wind farms at large distances from the coast (out of sight), a popular solution
evidenced by a positive willingness to pay by the public (Ladenburgh and Lutzeyer 2012).
Similar results are found by Voke et al. (2013) who assessed by using contingent valuation
and travel cost methods that the potential impact of renewable energy generation on tourist
visiting Pembrokeshire (UK), would put off visiting a limited number (3.5% of the sample)
due to a visible marine energy development. This suggests that the potential impacts on the
recreational activities in coastal zones affected by the development of newer forms of marine
renewable energy (tidal currents and waves) could be less adverse than those shown for OWF

by Ladenburgh (2009).

This classification of benefits and costs arising from marine renewables helps identify
impacts and may facilitate a more transparent adoption of environmental CBA and EIA
procedures (Wright 2015). However, ecological knowledge gaps about changes in marine
functioning following marine renewables deployment weaken the possibility to value

services by the production function approach and stated preference methods. For example, in



a choice experiment for the establishment of an MPA on the Dogger Bank (North Sea), while
people showed willingness to pay for environmental improvement, about 25% of the sample
stated that they did not have enough knowledge about the issues to make a choice (Borger et
al. 2014). The difficulty and uncertainty in quantifying intangible costs and benefits that do
not have a market (for example changes in conservation values of bird and marine mammals
wildlife from the implementation of renewables) cause limitations in the use of CBA as a
decision support tool, providing a lower confidence in the usability of the indicators of the
economic acceptability of the project (Wright 2014). In addition, we must mention that the
difficulties of addressing in a single monetary indicator the pluralities of views on renewables
and the aversion of regulators for projects they perceive as risky (Neumann 2009) can lead to

conflicts between stakeholders.

A case study exemplifying these complexities is that of marine wind-farm developments to
the east of Scotland. Four large interrelated developments totalling 0.5GW supposed to
generate between £314m and £1.2bn for the Scottish economy and to create more than 500
jobs during construction and more than 100 permanent jobs once operational were at stake®.
Licences granted by the Scottish Government to allow these developments were overturned
in 2016 by a judgement in the Scottish Court of Session.” Publicly available documents from

one of these studies, that of the Inch Cape Wind farm,8 show that there was no explicit CBA

® 'Judgement threatens multi-billion pound Tay and Forth wind arrays'. Graham Huband: Dundee Courier July
19 2016. The Courier.co.uk. Three development companies were involved: Inch Cape Offshore Limited, owned
by Repsol Nuevas Energias UK (51 per cent) and EDP Renewables UK (49 per cent); Seagreen Wind Energy
Limited, a 50/50 joint venture partnership between SSE (Scottish and Southern Energy plc) and Fluor Limited,
the UK operating arm of Fluor Corporation; Geart na Gaoithe Offshore Wind Limited, owned by Mainstream

Renewable Power.

" Scotland Court of Session, Outer House: [2016] CSOH 103. Petition of The Royal Society for the Protection

of Birds for Judicial review

¥ EIA and other documents can be found at: www.inchcapewind.com



for wind farm and impacts (externalities) to support the Government decision. However, the
farm’s Environmental Impact Assessment, required by law, considered these impacts and
how to ameliorate them. It included an account of the benefits in jobs and extra income in the
‘Economic Study Area’ in eastern Scotland, and more widely in terms of reduced emissions

of greenhouse gases.’

Development consents were granted by the Scottish Government in 2014, and were
challenged by the (UK) Royal Society for the Protection of Birds (RSPB). The 2016 judge
summarised the RSPB concerns for Atlantic puffin (Fratercula arctica), northern gannet
(Morus bassanus) and black-legged kittiwake (Rissa tridactyla) as risk of collision with
turbines, displacement from foraging areas and barrier effects such as foraging flights to and
from breeding colonies. The latter two risks may entail extra energy costs and consequences

for body mass, adult survival, nest attendance and chick provisioning (Scotland Court of
Session, Outer House: [2016] CSOH 103. Petition of The Royal Society for the Protection of

Birds for Judicial review)-

The judgement is particularly interesting because it was decided in part by scientific
evidence. In particular, the judge accepted RSPB arguments that the present state of scientific
knowledge and art (in population modelling) was insufficient to show that the farm would not
impact adversely on protected populations of seabirds. Under the European Union Birds
Directive (72/49/EEC replaced by 2009/147/EC), which protects the birds, and the Habitats
Directive (92/43/EEC), which protects their habitats insofar as they are designated, the
precautionary principle applies, guaranteeing protection excepting imperative reasons of
overriding public interest (e.g. human health or public safety). The consequence is that

potential damage to bird populations cannot be traded off against benefits in reductions of

? Chapters 8 and 22 of the EIA of 2013.



greenhouse gas emissions. The judgement also found that there had been procedural flaws in

the way the licencing process had consulted stakeholders.

The Scottish Government appealed this decision, and it was overturned in 2017 by the most
senior judge of the Supreme Courts of Scotland.'® He concluded that the Government
followed the law in giving consent and that the 2016 judge should not have tried to evaluate
the scientific evidence. Clearly, the senior judge was trying to keep the law out of science and
of decision-making based on scientific evidence. Yet this simply moves the locus of decision
from one hierarchy (the law) to another (the government and its scientific advisors). Of the
two alternative methods shown in Figure 2 for regulating the use of marine ecosystem
services, economic valuation of ecosystem services and environmental CBA of the project
seems not to have been used in any explicit fashion, and deliberative processes were largely
restricted to those between Government and Statutory Consultees, of which those relevant
here were the public bodies Scottish Natural Heritage and the UK Joint Nature Conservation
Committee." It is possible that more ex-ante stakeholder deliberation, as recommended by
Scott et al. (2016), might have led to a different wind-farm configuration allowing better
recognition of non-utilitarian values and reduced the risk of lengthy and costly legal

proceedings.

10 Scotland Court of Session, Inner House: [2017] CSIH 31. Reclaiming Motions in the Petitions of The Royal

Society for the Protection of Birds against the Scottish Ministers etc.

' Paragraphs 25, 38 of the 2016 judgement.



4 Discussion

Although there is no doubt that human wellbeing depends on natural capital and ecosystem
services (MEA 2005), there has been legitimate debate as to whether utilitarian or other types
of ethical orientations might best sustain these services (Fisher et al. 2015). Large-scale
initiatives have been implemented to explore relationships between ecosystem functioning,
services and wellbeing and to develop mechanisms to recognise, demonstrate and capture
values in decision making (MEA 2005; TEEB 2010; UK NEA 2011; 2014; IPBES -Diaz et
al., 2015). While the approaches taken have so far largely reflected the notion of nature for
people (Mace et al., 2014), there is a clear shift towards more integrated perspectives that
consider nature and people (Mace et al. 2014) as a more inclusive relationship, and
emphasise the importance of local inputs (views) to increase subsidiarity in the governance
and to empower actions at the scale where they can weave a canvas of resilient interactions
between human society and natural environment (Carpenter et al. 2009; Mace et al. 2014;
Kenter, 2016a; Jacobs et al. 2016).

In this discussion, we will (i) appraise the extent to which mainstream economic theory and
methods could be practically useful in managing human-environment interactions in our case
studies, (i1) provide an interpretation of the ecosystem services framework within an
institutional economic context, and (ii1) reflect on the opportunities for expanding the horizon
of economic valuation of marine ecosystem services by using pluralistic deliberation to

democratise decision making.

4.1 The role of economics

Mainstream economics emphasizes the importance of valuing via stated or revealed

preferences those ecosystem services that are typically undervalued in economic decision-



making because they are provided free of charge as typical public goods (Turner and Daily
2008) and because markets fail to adequately signal their true value (Ribaudo et al. 2010).
This ‘undervaluing’ is often considered a key factor in the decline, degradation, and in some
cases irreversible loss of biodiversity (Ribaudo et al. 2010). For these reasons, recent studies
have called for methods for the valuation of ecosystem services and biodiversity, and for
better understanding of their reciprocal relationships (Bennet et al. 2009) that might
ultimately result in commodification of nature. Although the trend to commodification has
led to protest from scientists, conservationists and political ecologists (Gomez-Baggethun and
Ruiz-Perez 2011; McCauley 2006; Turnhout et al. 2013; Matulis 2014; Spash 2015), others
have argued that a degree of commodification is necessary to embed protection of services in
a market context (TEEB 2010; UK NEA 2011) and to facilitate long-term behavioural
changes towards nature conservation (Burton and Schwartz 2013). Outside the market
context, the monetary valuation of nature benefits can be used to inform trade-offs amongst
development and conservation policies, although only a few successful instances of this have
been documented so far, and in practice, policy makers rarely commission these for

improving planning (Ruckelshaus et al. 2015; Laurans et al. 2013).

Of our three examples, the economic valuation of ecosystem services and CBA were used
only in one (Steart); it would seem to have potential in another (AC), and was explicitly

disallowed by one interpretation of the law in the third (wind-farm).

In relation to our first example, it seems possible that economic valuation could work in
harmony with social norms and institutional rules when assessing social benefits of
assimilative capacity. Currently assimilative capacity is an unacknowledged common good
that generates free riders because of the false view that it is less costly to share the
consequence of pollution rather than to internalise (e.g. privatise) the costs of treating a

discharge. When assimilative capacity is not perceived as scarce, it does not generate



conflicts between users, as in our example. If it becomes scarce, or is perceived as scarce,
regulatory or economic mechanisms can be arranged to reduce pollution by levying charges
underpinned by the monetary valuation of the externality (Selman and Greenhalgh, 2009).
Different considerations apply to the benefits provided by natural coastal defence, our second
example. In the case of the Steart re-alignment, CBA allowed a net positive value to be
identified for the scheme. Although there were gaps in scientific knowledge (da Silva et al.
2014) and negative public reactions from the perceptions of the causes of severe inland
flooding as well as agitation by the members of parliament representing the area, these did
not prevent the top-down implementation of the scheme.'* In this example, there were no
overwhelming technical difficulties, for example in eliciting stakeholders' preferences, that
might compromise economic valuation. Nevertheless, even when the CBA is technically
feasible, as in this case, it did not provide a “heuristic aid” in the decision making process
(Turner 2007) because of limitations in engaging or hearing third parties (local and lesser
voices). Moreover, the difficulties to take account of a plurality of views can generate
distortions in the distribution of benefits between social classes and a consequent misleading

interpretation on the welfare assessed by CBA for society as a whole (Turner et al. 2007).

Finally, in the wind farm example, the decision by Government to licence development
seems to have been based on policy grounds (helping to reduce greenhouse gas emissions)
and perceived economic benefits, without an explicit CBA and without full monetization of
ecosystem services. Although in the view of the 2016 judge, societal benefits could not be
traded off against potential loss of seabirds, the 2017 judge concluded that Government
simply needed to have followed the procedure laid down by the law, and that it had done this.

Societal concerns emerged in the legal challenge from the RSPB, in this respect representing

12 Hansard Commons , 22 Jan 2014, vol 574, cols 124WH-134WH



a part of society lying mostly outside the parts of Scotland that might benefit from wind-
farm-generated employment. At the least, this imperfect representation of societal concerns,
and the argument within the legal hearing of the scientific knowledge gaps, has delayed the
wind-farm development by three years or more. However, a greater role for economics would
unlikely have helped to resolve the conundrum more effectively; rather, earlier stakeholder
participation and enhanced deliberation may have allowed different interests and values to

have been weighed and balanced sooner without resolving to a complex legal route.

4.2 Ecosystem services and institutional analysis

Ostrom’s social ecological systems (Ostrom 2009; McGinnis and Ostrom

2014) describes how ‘‘inputs are transformed by the actions of multiple actors into
outcomes’’ (McGinnis and Ostrom 2014, p. 34), while Rova and Pranovi (2017) and Nassl
and Loffler (2015) focus more explicitly on analyzing the causal linkages between the system
variables, explaining how ecosystem services (‘resource units’) emerge from ecosystem
structures and processes (‘resource system’). In this study, we broaden the previous
considerations on the governance of ecosystem services looking at how the institutional
analysis (explaining the functions of a wide range of institutions such as government, the law,
markets, etc.) would describe resource management based on choices at citizens’ level
(public and private spheres), to complement decisions undertaken by markets (Slavikova
2013) and government, and to individuate weaknesses in natural resource governance
(Ostrom 2007; Ostrom 2009). Looking at the assimilative capacity example, the pure market
approach can be used to obtain efficient solutions, if conflicts from the perceived scarcity of
the resources arise, by designing arrangements including regulations, economic tools (taxes,

subsidies) and creations of new markets. These rules can be figured out as hierarchical



arrangements, involving a chain downwards from rulers to ruled that is underpinned by law
and power, and a chain upwards from ruled to rulers (Habermas 1996) that depends on the
perceived legitimacy in the allocation of rights to polluters or polluted in “consuming” the
assimilative capacity. In the example of coastal defense, the CBA and market level was
supported by the downwards chain from government but opposed by the upwards chain
originating in citizens’ wish to protect land and property from flooding. In the example of
wind farms, the disagreements centered on conflicts between government agencies,
developers and civil society owing to limited scientific information on offshore wind farms
impacts. This distrust reveals the limited inclusivity of voices from the bottom (Young 2002;
Ostrom 1990; Ostrom 2007), usually associated with decisions debated in local fora. This is
evidenced by the difficulties of EIA in assisting local decision making in context of scientific
uncertainties (Huertas-Oliveras and Norris 2008), and in supporting a broader democratic
perspective to balance and reduce tension between opposing strategies such as the
precautionary (reject any plan) and the risky approach (accept the plan even at high

environmental costs) (Renewable UK 2011).

Looking at these three ecosystem services under the lens of the framework proposed in
Figure 3, it is evident how the governance represented by the Economic System, the
Administrative system, and the Private & Public Spheres, external to the institutional order
of the lifeworld where communication frames the collective actions, is a limiting factor for
the ability of stakeholders to engage in collective arrangements. Resource systems as
indicated in Figure 1, or Environment in Figure 3, in the three examples require a number of
relevant actors to influence the costs of cooperative actions (transaction costs). Moreover, a
major factor affecting users (stakeholders of lifeworld in Figure 3) consists in the limited

predictability of the dynamics of the environment, which led to failure in resource



governance as uncertainty in the consenting process for deploying marine renewables
(Administrative system in Figure 3); and, flaws in social capital construction, including lack
of trust in public protection of private property in the Private & Public Spheres, which

appeared to result in community aversion towards soft sea-defence schemes.

4.3 Implications of results for economic valuation, use of CBA and democratic decision

making

When valuation is not severely restricted by the difficulties of using monetary metrics, CBA
can play an important role as a “decision rule”, operating as one of multiple components of
policy analysis (Turner 2007). However, the acceptability of the net present value of a project
as a decisive element for decision making is not obvious. Although it is possible to find cases
in the literature where economic valuation and CBA proved useful for management (e.g.
Turner et al. 2007; Luisetti et al. 2011; 2014; Martino and Amos 2015; McDonald et al
2017), there are many others where social concerns were stronger, undermining CBA
applicability (e.g. da Silva et al 2014; Roca and Villares 2012; Myatt et al 2003; Myatt-Bell

et al 2002; Irvine et al. 2016).

Overall, CBA seems to have been more useful in coastal defence strategies than in managing
the development of offshore renewable energy. This may have been because of the better
scientific knowledge of the ecosystem functions-ES interface in coastal and intertidal
habitats, and the possibility of using stated preference methods to value services provided by
relatively familiar environments (Hanley et al. 2015). Conversely, complexities are emerging

when people are asked to state preferences for goods or services provided by unknown



environments as the deep sea (Glen et al., 2010; Armstrong et al., 2012; Jobstvogt et al.,

2014b), making difficult to trade-off marketed and non-marketed goods.

Our examples show some key constraints to application of neoclassical valuation and CBA
due to a lack of knowledge, about links between ecosystem functions, ecosystem services,
and human well-being, among: 1) scientists working at the interface between ecology and
economics to provide reliable economic valuation; and 2) users who do not receive sufficient,
clear and balanced information of the services provided by ecosystems. Issues of limited
information occur especially when science is not able to communicate clearly benefits arising
from those services that appear as a mental construct rather than tangible goods (Barbier
2007; Turner et al. 2007; Luisetti et al. 2011). Furthermore, at least three problematic
assumptions of neoclassical valuation arise (Kenter et al. 2015): 1) the idea of the “rational
agent” with preferences characterised as independent and exogenous (Bowles and Gintis,
2000); 2) that all values can be expressed as preferences; and 3) that social welfare is a
cardinal measure of the sum of the preferences of independent individuals (Parks and Gowdy,
2013). As regards the first and second point, behavioral literature recognises that values need
not be preformed (i.e. existing as a priori ideas) but constructed through formal or informal
deliberation (Shapansky et al. 2003; Kenter et al. 2016b,d) to shape decisions under societal
perspectives rather than that of individual consumers (Lienhoop et al. 2015; Martinez-
Espineira 2007; Orchard-Webb et al. 2016). As regards the third point, Arrow (1950) showed
that there is “no logically infallible way to aggregate the preferences of diverse individuals”
(cited by Feldman 1987: 894), therefore CBA cannot provide a consistent ranking of policy

alternatives (Parks and Gowdy 2013).

It is important to recognise that these limitations are not necessarily problematic; rather, they
become so in cases that are complex, contested and with many stakeholders that harbour

conflicting interests (Kenter 2016a). In these cases, there is increased likelihood that peoples’



values and behaviour will depart from the rational actor model and that commensuration of
pluralistic values and aggregation through typical (Bergon-Samuelson) social welfare
functions will raise moral and justice concerns. Thus, limits to the feasibility and legitimacy
of pricing services and ranking projects by CBA are empirical (uncertainty about ES-welfare
linkages), theoretical (assumptions of welfare economics are not always tenable) and political
(perceived legitimacy is questioned). As summarized in Table 2 for the three examples,
signals coming from civil society (shared perspectives and values, and institutional norms)
may reduce the scope for economic valuation and CBA application, raising uncertainties on
its applicability because of difficulties in addressing distributional equity (Pearce et al. 2006;

Turner 2007; Turner et al. 2016).

Table 2 here

The efficient use of natural resources as a mechanism for improving human wellbeing
according to a utilitarian view of nature can drive narrowly rational economic decisions into
the realm of wicked problems where these apparently rational solutions run into complex
social issues revolving around pluralistic values related to both process and outcomes. In
turn, this can make the existing social-ecological system unstable (Folke 2006). Laws and
customary norms may clash as exemplified by the conflicts between decisions on flood
defences strategies, based on technocratic CBA, and citizens’ demands to receive protection
for their properties from the state; and by the judicial review of offshore wind farm consent,
which was overruled by the application of the precautionary approach applied to European
protected areas. These two examples make evident the policy challenges of reconciling
contested value realms and achieving consensus to create more inclusiveness that
encompasses a greater social diversity and power (Fabinyi et al. 2014). Thus, there is the

need to move from what might be called algorithmic allocation of preferences by market or



law, to a broader political debate amongst citizens by which their conflicting interests are

reconciled (Sabatier 1998; Kenter et al. 2015; 2016b).

This suggests using CBA differently in the political economy domain: 1) by reducing the
scope of CBA as a tool addressing rational solutions (Randall 2002) especially in those
contexts where broader ethical/moral imperatives and social justice issues are of central
importance; and 2) by switching to a different perspective that considers CBA as an element
supporting, but not steering, decisions (Turner 2007; 2016; Turner et al. 2014). This may also
involve addressing the way economics weights benefits and costs, for example by including
deliberation on how they should be aggregated (Kenter et al. 2016¢), and complementing
economics with other forms of valuation to depict a more comprehensive vision of what is
needed to ensure sustainability in contexts such as energy developments and flood protection.
For example, Orchard-Webb et al. (2016) exemplify a novel approach, Deliberative
Democratic Monetary Valuation (DDMV; also see Kenter 2017), where a group of local
stakeholders expressed values through several interpretive and deliberative tools, then
evaluated different policy options using conceptual systems modelling, visioning and multi-
criteria analysis, before directly negotiating values for policies related to the marine
environment. Ranger et al. (2016) demonstrated an approach where qualitative video
interviews with a wide range of stakeholders were used to elicit plural values, which then fed
into deliberative multi-criteria workshops where policy options were voted on. Reed and
Kenter (2014) and Reed et al (2017) highlighted a study where DDMV was used to negotiate
conflicts between stakeholders and directly establish fair prices for payments for ecosystem
services in a peatland management context. These examples illustrate the need for
deliberative processes to help form shared values between different interests and reduce
conflict. A range of key factors needs to be considered that influence this process of value

formation (Kenter et al. 2016d), including for example education and prior experience to



process design and facilitation that can help manage power dynamics and actively support
and enable participants in the translation of transcendental values, our overarching principles
and life goals (Raymond and Kenter 2016), into more specific contextual values and value

indicators.

Deliberation is not just an important mechanism for value elicitation and formation, but also
for value aggregation. When pluralistic values are recognised to be incommensurable, it can
be left to formal political and legal processes to aggregate information, but this is challenged
by significant institutional barriers (Turnpenny et al. 2014), and also does not account for
people’s meta-values in relation to value aggregation (Kenter et al. 2016a; 2016b). To
reconcile the different approaches at valuing and overcome the restrictions on applicability of
CBA, Turner (2016) proposes that a modified form of CBA could be part of a triple balance
sheet approach, a societal decision support system (Figure 8) that goes beyond the framework
of economic efficiency to take account of shared values, equity, justice, and plurality of
views. The framework suggests that in simple and non-contested contexts, a single balance
sheet consisting of a modified version of CBA is adequate. When there is increased
complexity and contestation, two further sheets can be added which address social impact
assessment and broader shared and cultural values. Values are aggregated and value conflicts
negotiated through deliberation. This provides a basis for collective arrangements for
overcoming barriers, addressing social challenges and seizing opportunities in a “pragmatic”
perspective where individuals and groups work towards agreement from initially contesting
positions (Bromley 2004). This approach through its greater potential for Communicative
Action (Habermas 1984; 1987), may be more fruitful for the understanding, improvement
and implementation of environmental policies than the rational choice theory that holds that
“correct” positions can be formulated by pre-determined (innate) preferences rather than

being constructed by a deliberated process (Scott, 2000).



Figure 8 here

5 Conclusions

We have discussed the complexities of societal management of three ecosystem services. In
the case of assimilative capacity for nutrients and waste in a sea-loch, there is scope for
improving efficiency by imposing a charge for the use of this public good, in a way that
harmonises with existing governance. In the case of coastal defence, the expert monetisation
of the service and prioritisation of decisions under the CBA framework has conflicted with
the way many local people think the state should protect life and property. In the case of
offshore wind farms, the conflict represents two different perspectives on value, which were
not reconciled in the planning process, leading to its ultimate breakdown through legal
action; a more bottom-up, participatory approach that focused on reconciling different
interests and values from the outset (rather than maximising net benefits) could conceivably

have led to a different outcome.

Provision of ecosystem services requires sustainable management of the natural capital
underpinning these services, but equally the role of human, social and built capitals needs to
be considered when assessing how these services and their benefits to human wellbeing are
generated (Haines-Young and Potschin 2010; Costanza et al. 2014; 2017). Study of the
complex interaction of these forms of capital can build on the foundation of institutional
analysis (McGinnis and Ostrom 2014). Under the consideration that many ecosystem services
(mainly the regulating services) are public goods, poorly recognised within the market
domain, institutional analysis is a necessary complement to economic analysis to individuate
weaknesses in natural resource governance (Ostrom 2007; Ostrom 2009). The complexities
in decision-making shows that the strategies relying exclusively on removing market failure

do not produce satisfying results in resource management unless they also promote



participation in decision making by local stakeholders (Dietz et al. 2003). As we have
illustrated, the requirements for managing ecosystem services are multiple and need not only
economic information, but also capacity to deal with social conflicts, and flexibility to allow
governance to better adapt via broader participation. Therefore, a mix of institutional types
promoted by well-designed deliberation involving scientists, resource users and citizens is
needed to integrate evidence and values, to bridge inevitable conflicts, to enable social
learning and to implement a diversity of adaptive governance strategies that can effectively

and sustainably oversee natural resources.

Acknowledgements and funding

This work has been supported by the MERIKA (merikafp7.eu) project under the European
Union Seventh Framework Programme (FP7/2007-2013), grant agreement N. 315925, the
AquaSpace project (www.aquaspace-h2020.eu), funded by the EU H2020 Programme
through grant agreement N. 633476, and the Marine Ecosystems Research Programme
funded by the UK Natural Environment Research Council ((grant agreement N.

NE/L003279/1).

This paper is dedicated to Prof. Laurence Mee with the hope that his memory inspire the
future work of the Laurence Mee Centre for Society and Sea and of its associates and

members.



References

Ainscough, J., Wilson, M., Kenter, J.O. 2018. Ecosystem services as a post-normal field of

science. Ecosystem Services 31, 93—101. doi:10.1016/j.ecoser.2018.03.021

Alvarez Farizo, B., N. Hanley, R. Barberdn, and A. Lizaro 2007. Choice modeling at the
market stall: Individual versus collective interest in environmental valuation. Ecological

Economics 60: 743-751.

Andersson, M. and M. Ohman 2010. Fish and sessile assemblages associated with wind-

turbine constructions in the Baltic Sea. Marine and Freshwater Research 61(6): 642-650.

Andrews, J. E., D. Burgess, R. Cave, E.G. Coombes, T. D. Jickells, D.J. Parkes, and R. K.
Turner 2006. Biogeochemical value of managed realignment, Humber estuary, UK. Science

of the Total Environment 371: 19-30.

Anonymous 2014. Floods and Dredging - a reality check. 24 pp. London, CIWEM (Chartered
Insitute of Water and Environmental Management). Obtainable from URL:

http://blueprintforwater.org.uk/publications.
Anonymous 2017. Crown Estate Scotland Corporate Plan 2017-2010. Edinburgh: 36pp

Armstrong, C.W., N.S. Foley, R. Tinch, and S. van de Hove 2012. Services from the deep:

Steps towards valuation of deep sea goods and services. Ecosystem Services 2: 2-13.

Ashley M.C., S.C. Mangi, and L.D. Rodwell 2014. The potential of offshore windfarms to act
as marine protected areas — A systematic review of current evidence. Marine Policy 45: 301-

309.

Astariz, S., and G. Iglesias 2015. The economics of wave energy: a review. Renewable and

sustainable reviews 45: 397-408.



Atkins, J.P., D. Burdon, and J.H. Allen 2007. An application of contingent valuation and
decision tree analysis to water quality improvements. Marine Pollution Bullettin 55: 591—

602. doi:10.1016/j.marpolbul.2007.09.018

Barbier, E.B 2007. Valuing ecosystem services as productive inputs. Economic Policy 22

(49): 177-229.

Barbier, E.B., E-W. Koch, B. Silliman, S.D. Hacker, E. Wolanski, J. Primavera, E.F., Granek,
S. Polasky, S. Aswani, L.A. Cramer, D.M. Stoms, C.J. Kennedy, D. Bael, C.V. Kappel,
G.M.E. Perillo, and D.J. Reed 2008. Coastal Ecosystem-Based Management with Nonlinear

Ecological Functions and Values. Science 319: 321.

Beaumont, N.J., L. Jones, A. Garbutt, J.D. Hansom, and M. Toberman 2014. The value of
carbon sequestration and storage in coastal habitats. Estuarine, Coastal and Shelf Science

137: 32-40.

Bell, D., T. Gray, C. Haggett, and J. Swaffield 2013. Re-visiting the ‘Social Gap’: Public
opinion and relations of power in the local politics of wind energy, Environmental Politics 22

(1): 115-135.

Bennet, E.M., G.D. Peterson, and L.J. Gordon 2009. Understanding the relationships among

multiple ecosystem services. Ecology Letters 12: 13994-1404.

Berkes, F., and C Folke 1998. Linking social and ecological systems. Cambridge University

Press.

Binder, C.R., J. Hinckel, G.W. Bots Peter, and C. Pahl-Wostl 2013. Comparison of

framework for analysing social-ecological systems. Ecology and Society 18(4): 26.

Borger T., C. Hattam, D. Burdon, J. P. Atkins, and M.C. Austen 2014. Valuing conservation

benefits of an offshore marine protected area. Ecological Economics 108: 229-241.



Bowles, S., and H. Gintis 2000. Walrasian economics in retrospect. Quarterly Journal of

Economics 115: 1411-1439.

Brandt, M.J., A. Diederichs, K. Betke, and G. Nehls 2011. Responses of harbour porpoises to
pile driving at the Horns RevlII offshore wind farm in the Danish North Sea. Marine Ecology

Progress Series 421: 205-16.

Bromley, D.W. 2004. Reconsidering environmental policy: prescriptive consequentialism

and volitional pragmatism, Environmental Resource Economics, 28: 73-99.

Buchan, K., and S. McConnell 2006. Firth of Lorn and Loch Creran Marine Special Areas of
Conservation Management Plans. Oban, Marine and Coastal Development Unit, Argyll and

Bute Council. Loch Creran Plan is at: www.argyllmarinesac.org/pdfs/ Icfulldocument.pdf.

Bull, J.W., N. Jobstvogt, A. Bohnke-Henrichs, A. Mascarenhas, N. Sitas, C. Baulcomb, C.K.
Lambini, M. Rawlins, H. Baral, J. Zihringer, E. Carter-Silk, M.V. Balzan, J.O. Kenter, T.
Héyhi, K. Petz, and R. Koss 2016. Strengths, Weaknesses, Opportunities and Threats: A

SWOT analysis of the ecosystem services framework. Ecosystem Services 17: 99-111.

Burkhard, B., Kandziora, M., Hou, Y., Miiller, F. 2014. Ecosystem service potentials, flows
and demands concepts for spatial localisation, indication and quantification. Landscape

Online, 34: 1-32.

Burton, R.J.F., and G. Schwartz 2013. Result oriented agri-environmental scheme and their

potential for promoting behavioural changes. Land Use Policy 30(1): 628—641.

Cameron, W. S. K. 2009. Tapping Habermas’s Discourse Theory for Environmental Ethics.

Environmental Ethics 31(4): 339-357.

Cannell, M.G.R., Milne, R. Hargreaves, K.J., Brown, T.A.W., Cruickshank, M.M., Bradley,

R.IL, Spencer, T., Hope, D., Billett, M.F., Adger, W.N., and S. Subak 1999. National



Inventories of Terrestrial Carbon Sources and Sinks: The U.K. Experience. Climatic Change

42(3):505-530.

Carey, M.P. 2014. Cost-Benefit and Other Analysis Requirements in the Rulemaking

Process. Congressional Research Service, Washington, DC.

Carpenter, SR., H.A. Mooney, J. Agard, D. Capistrano, R.S. DeFries, S. Diaz, T. Dietz, A.K.
Duraiappah, A. Oteng-Yeboah, H.M. Pereira, C. Perrings, W.V. Reid, J. Sarukhan, R.J.
Scholes, and A. Whyte 2009. Science for managing ecosystem services: Beyond the

Millennium Ecosystem Assessment. PNAS 106 (5): 1305-1312.

Choi, Y., and Y. Wang 2004. Dynamics of carbon sequestration in a coastal wetland using

radiocarbon measurements. Global Biogeochemical Cycles 18: 1- 12.

Church, A., R. Fish, R. Haines-Young, S. Mourato, J. Tratalos, L. Stapleton, C. Willis, P.
Coates, S. Gibbons, C. Leyshon, C., M. Potschin, N. Ravenscroft, R. Sanchis-Guarner, M.
Winter, and J.O. Kenter 2014. UK National Ecosystem Assessment Follow-on. Work

package report 5: Cultural ecosystem services and indicators. UNEP-WCMC, Cambridge.

Coase, R.H. 1960. The Problem of Social Cost. Journal of Law and Economics 3 (1): 1-44.

doi:10.1086/466560.

Costanza, R., R. de Groot R., P. Sutton, S. van der Ploeg, S.J. Anderson, 1. Kubiszewski, 1.,
S. Farber, and R.K. Turner 2014. Changes in the global value of ecosystem services. Global

Environmental Change 26: 152—158.

Costanza R., de Groot R., Braat L., Kibiszewski I., Fioramonti L., Sutton P., Farber S.,
Grasso M., 2017. Twenty years of ecosystem services: how far have we come and how far do

we still need to go? Ecosystem Services 28, 1-16.



Collie, J. S., Richardson, K. & J.H. Steele 2004. Regime shifts: can ecological theory

illuminate the mechanisms? Progress in Oceanography 60: 281-302.

Danley, B., and C. Widmark 2016. Evaluating conceptual definitions of ecosystem services

and their implications. Ecological Economics 126:132—-138.

da Silva, L. V., M. Everard, and R. G. Shore 2014. Ecosystem services assessment at Steart

Peninsula, Somerset, UK. Ecosystem Services 10: 19-34.

Defra, EA, 2005. Flood and Coastal Erosion Risk Management R & D Programme.

Saltmarsh Management Manual. Environment Agency, UK

Diaz et al. 2015. The IPBES conceptual framework. Connecting nature and people. Current

Opinion in Environmental Sustainability 14:1-16

Dietz, T., E. Ostrom, and P.C. Stern 2003. The struggle of the commons. Science 302: 1907-

1912.

Doody, J.P., 2008. Saltmarsh Conservation, Management and Restoration. Springer

Elkins, P. 1999. European environmental taxes and charges: recent experience, issues and

trends. Ecological Economics 31(1): 39-62.

Elliot, M. D. Burton, J. Atkins, A. Borja, R. Cormier, V. de Jong, and R.K. Turner. 2017.
“And DPSIR began DAPSI(W)R(M)!” - A unifying framework for marine environmental

management. Marine Pollution Bulletin 118(1-2):27-40

Fabinyi, M., L. Evans, and S.J. Foale 2014. Social-ecological systems, social diversity, and

power: insights from anthropology and political ecology. Ecology & Society 12(4): 28.



Farber, S., R. Costanza, R., D.L. Childers, J. Erickson J, K. Gross, M. Grove, C.S. Hopkins,
J. Kahn, S. Pincetl, A. Troy, P. Warren and M. Wilson 2006. Linking ecology and economics

for ecosystem management. Bioscience 56: 121-133.

Feagin, R., E.B. Barbier, E.W. Koch, B. Silliman, S.D. Hacker, E. Wolanski, J. Primavera,
E.F., Granek, S. Polasky, S. Aswani, L.A. Cramer, D.M. Stoms, C.J. Kennedy, D. Bael, C.V.
Kappel, G.M.E. Perillo, and D.J. Reed 2008. Vegetation’s role in coastal protection. Science

320:176-177.

Feldman, A. 1987. Welfare economics. In The New Palgrave Dictionary of Economics.

Eatwell, J., Milgate, M., Newman, P. (Ed.), Macmillan, London, pp. 889—895.

Fish, A. Church, and M. Winter 2016. Conceptualizing cultural ecosystem services: A novel
framework for research and critical engagement, 2016. Conceptualising cultural ecosystem
services: A novel framework for research and critical engagement. Ecosystem Services 21:

208-217.

Fischer, A., Eastwood, A. 2016. Coproduction of ecosystem services as human—nature
interactions—An analytical framework. Land Use Policy 52: 41-50.

doi:10.1016/j.1andusepol.2015.12.004

Fisher, B., Turner, K., and P. Morling 2009. Defining and classifying ecosystem services for

decision making, Ecological economics 68 (3): 643-653.

Fisher, J, T.A. Gardner, E.M. Bennett, P. Balvanera, R. Bigs, S. Carpenter, T. Daw, C.
Folke, R. Hill, T.P. Hughes, T. Luthe, M. Maass, M. Meacham, A.V. Mostrom, G. Peterson,
C. Queiroz, R. Seppelt, M. Sperenburg, and J. Tenhunen 2015. Advancing sustainability
through mainstreaming a social-ecological systems perspective. Current Opinion in

Environmental Sustainability 14: 144-149.



Folke, C. 2006. Resilience: The emergence of a perspective for social-ecological system

analyses. Global Environmental Change 16: 253-267.

French, P. 2001. Coastal Defence: processes, problems and solutions. Routledge, 388 pp.

Fromm, O. 2000. Ecological structure and functions of biodiversity as element of its total

economic value. Environmental and Resource Economics 16: 303-328.

Funtowicz, S., and J. R. Ravetz 1993. Science for the post normal age. Futures. Available at

http://www.uu.nl/wetfilos/wetfil10/sprekers/Funtowicz_Ravetz_Futures_1993.pdf.

Funtowicz, S., and J.R. Ravetz 1994. The Worth of a Songbird: Ecological Economics as a

Post-normal Science, Ecological Economics 10 (3): 197-207.

Garcia, S.M., A. Zerbi, C. Aliaume, T. Do Chi, and G. Lasserre 2003 The ecosystem
approach to fisheries. Issues, terminology, principles, institutional foundations,
implementation and outlook. FAO Fisheries Technical Paper 443. Rome, FAO. 71 pp. Annex
I lists the "Malawi principles', also available online at URL:

www.fao.org/docrep/006/y4773e/ y4773e0e.htm.

Gari, S.R., Newton, A., and J.D. Icely 2015. A review of the application and evolution of the
DPSIR framework with an emphasis on coastal social-ecological systems. Ocean & Coastal

Management 103: 63-77.

Gee, K., and B. Burkhard 2010. Cultural ecosystem services in the context of offshore wind
farming: A example from the west coast of Schleswig-Holstein. Ecological Complexity 7:

349-358.

Gill A.B., I. Gloyne-Phillips, K.J. Neal, and J.A. Kimber 2005. The potential effects of

electromagnetic fields generated by sub-sea power cables associated with offshore wind farm



developments on electrically and magnetically sensitive marine organisms — a review.

COWRIE 1.5 Electromagnetic Fields Review. COWRIE-EM FIELD 2-06-2004. July 2005.

Gill, A. B., M. Bartlett, M. and F. Thomsen 2012. Potential interactions between diadromous
fishes of UK conservation importance and the electromagnetic fields and subsea noise from

marine renewable energy developments. Journal of Fish Biology, 81(2): 664-695.

Gillibrand, P. A., and W. R. Turrell 1997. The use of simple models in the regulation of the

impact of fish farms on water quality in Scottish sea lochs. Aquaculture 159: 33-46.

Glenn, H., P. Wattage, S. Mardle, T. Rensburg, A. Grehan, A., and N. Foley 2010. Marine

protected area-substantiating their worth. Marine Policy 34: 421-430.

Gomez-Baggethun, E., and M. Ruiz-Pérez, M 2011. Economic valuation and the
commodification of ecosystem services. Progress in Physical Geography 35, 613—-628.

doi:10.1177/0309133311421708

Graziano, M., S.L. Billing, L. Greenhill, L., and J.O. Kenter 2017. Transformational
paradigm for marine renewable energy development, Energy Research and Social Science

23:136-147.

Gunawardena, M., and J.S. Rowan 2005. Economic valuation of a mangrove ecosystem

threatened by shrimp aquaculture in Sri Lanka. Environmental Management 36: 535-550.

GVA Grimley Ltd 2016. The Crown Estate Fin Fish Farm Lease rent review at 1 January

2017: report with recommendations. Edinburgh, Crown Estate Scotland: 16pp + app.

Habermas, J. 1984. The Theory of Communicative Action. Volume 1: Reason and the

Rationalization of Society. Boston, MA/Cambridge, England, Beacon Press/Polity Press.



Habermas, J. 1987. The Theory of Communicative Action. Volume 2: Lifeworld and System:
a Critique of Fundamentalist Reason. Boston, MA/Cambridge, England, Beacon Press/Polity

Press.

Habermas, J. 1996. Between Facts and Norms: Contributions to a Discourse Theory of Law

and Democracy. Cambridge, Mass., The MIT Press

Hanley, N., D. Bell, and B. Alvarez-Farizo 2003. Valuing the benefits of coastal water

quality improvements using contingent and real behaviour. Environmental and Resource

Economics 24(3): 273-285.

Hanley, N., and E. Barbier 2009. Pricing nature: cost benefit analysis and environmental

policy. EE.

Hanley, N., S. Hynes, D. Patterson, D., and N. Jobstvogt, N 2015. Economic Valuation of
Marine and Coastal Ecosystems: Is it currently fit for purpose? Journal of Ocean and Coastal

Economics 2 (1): 1-24.

Hattam, C., T. Hooper, and E. Papathanasopoulou 2015. Understanding the Impacts of
Offshore Wind Farms on Well-Being, The Crown Estate, 77 pages, ISBN: 978-1-906410-65-

0.

Hattam, C, A. Bohnke-Henrichs, T. Borger, D. Burdon, M. Hadjimichael, A. Delaney, JP.
Atkins, S. Garrard, & MC Austen 2015. Integrating methods for ecosystem service
assessment and valuation: Mixed methods or mixed messages? Ecological Economics 20,

126-138

Hardin, G. 1968. The tragedy of the commons. Science 162: 1243-1248.



Haines-Young, R.H., and M.P. Potschin 2010. The links between biodiversity, ecosystem
services and human well-being. In: Reaffaelli D, Frid C (eds) Ecosystem Ecology: A New

Synthesis. Cambridge, UK: Cambridge University Press. 110-139.

Hejnowicz, A.P., H. Kennedy, M.A. Rudd, and M.R. Huxham 2015. Harnessing the climate
mitigation, conservation and poverty alleviation potential of seagrasses: prospects for
developing blue carbon initiatives and payment for ecosystem service programmes. Frontiers

in Marine Science 2: 32.

HM Treasury 2003. The Green Book. Appraisal and evaluation in central government.

London TSO.

Hynes, S., N. Hanley, and D. Tinch 2013. Valuing improvements to coastal waters using
choice experiment: an application to revision of the EU Bathing Waters Directive. Marine

Policy 40:137-144.

Hooper T. and M. Austen 2014. The co-location of offshore wind farms and decapod

fisheries in the UK: Constraints and opportunities. Marine Policy 43: 295-300.

Hooper, T., M. Ashley, and M. Austen 2015. Perceptions of fishers and developers on the co-
location of offshore wind farms and decapod fisheries in the UK. Marine Policy 61:16-22

do1:10.1016/j.marpol.2015.06.031

Howard, J., S. Hoyt, K. Isensee, M. Telszewski, and E. Pidgeon 2014. Coastal Blue Carbon:
Methods for assessing carbon stocks and emissions factors in mangroves, tidal salt marshes,
and seagrasses. Conservation International, Intergovernmental Oceanographic Commission

of UNESCO, International Union for Conservation of Nature. Arlington, Virginia, USA.



Huertas-Olivares, C., Norris, J. 2008. Environmental impact assessment, in: Cruz, J. (Ed.)
Ocean wave energy: current status and future perspectives. Green Energy and Technology:

pp- 397-423.

Inger, R., MLJ. Attrill, S. Bearhop, A.C. Broderick, W.J. Grecian, D.J. Hodgson, C. Mills, E.
Sheehan, S.C. Votier, M.J. Witt, and B.J. Godley 2009. Marine renewable energy: potential
benefits to biodiversity? An urgent call for research. Journal of Applied Ecology 46: 1145—

1153.

Irvine, K.N., O'Brien, L., Ravenscroft, N., Cooper, N., Everard, M., Fazey, 1., Reed, M.S.,
Kenter, J.O. 2016. Ecosystem services and the idea of shared values. Ecosystem Services 21:

184-193. do1:10.1016/j.ecoser.2016.07.001

Jacobs, S., Dendoncker, N., Martin-L6pez, B., Barton, D.N., Gémez-Baggethun, E.,
Boeraeve, F., McGrath, F.L., Vierikko, K., Geneletti, D., Sevecke, K.J., Pipart, N., Primmer,
E., Mederly, P., Schmidt, S., Aragdo, A., Baral, H., Bark, R.H., Briceno, T., Brogna, D.,
Cabral, P., De Vreese, R., Liquete, C., Mueller, H., Peh Kelvin, S.H., Phelan, A., Rincén,
A.R., Rogers, S.H., Turkelboom, F., Van Reeth, W., van Zanten, B.T., Wam, H.K.,
Washbourne, C.-L. 2016. A new valuation school: Integrating diverse values of nature in
resource and land use decisions. Ecosystem Services 22: 213-220.

doi:10.1016/j.ecoser.2016.11.007

Jentoft, S. and R. Chuenpagdee 2009. Fisheries and coastal governance as a wicked problem.

Marine Policy, 33, 553-560.

Jobstvogt, N., V. Watson, and J.O. Kenter 2014a. Looking below the surface: the cultural

ecosystem service values of UK marine protected areas (MPAs). Ecosystem Services 10: 97-

110.



Jobstvogt, N., N. Hanley, N., S. Hynes, J.O. Kenter, and U. Witte 2014b. Twenty thousand
sterling under the sea: estimating the economic value of protecting deep sea biodiversity.

Ecological Economics 97: 10-19.

Jones, L., L. Norton, Z. Austin, A.L. Browne, D. Donovan, B.A. Emmett, Z.J. Grabowski,
D.C. Howard, J.P.G. Jones, J.O. Kenter, W. Manley, W., C. Morris, D.A. Robinson, C. Short,
G.M. Siriwardena, C.J. Stevens, J. Storkey, R.D. Waters, and G.F. Willis 2016. Stocks and
flows of natural and human-derived capital in ecosystem services. Land Use Policy 52: 151—

162.

De Jonge, V.N., PintoR., and R.K. Turner. 2012. Integrating ecological, economic and social
aspects to generate useful management information under the EU Directives’ “ecosystem

approach”. Ocean and Coastal Management 68, 169-188.

Kenter, J.O., T. Hyde, M. Christie, and 1. Fazey 2011. The importance of deliberation in
valuing ecosystem services in developing countries-Evidence from the Solomon Islands.
Global Environmental Change 21: 505-521. Kenter, J.O., R. Bryce, A. Davies, N. Jobstvogt,
V. Watson, S. Ranger, J.L. Solandt, C. Duncan, M. Christie, H. Crump, K.N. Irvine, M.
Pinard and M.S. Reed. 2013. The value of potential marine protected areas in the UK to
divers and sea anglers. UK National Ecosystem Assessment interim report. UNEP-WCMC,

Cambridge.

Kenter, J. O., M. S. Reed, K. N. Irvine, E. O'Brien, E. Brady, R. Bryce, M. Christie, A.
Church, N. Cooper, A. Davies, N. Hockley, I. Fazey, N. Jobstvogt, C. Molloy, J. Orchard-
Webb, N. Ravenscroft, M. Ryan and V. Watson. 2014a. UK National Ecosystem Assessment
Follow-on. Work Package Report 6: Shared, Plural and Cultural Values of Ecosystems.

Cambridge, UNEP-WCMC, LWEC.



Kenter, J.O., M.S. Reed, M. Everard, N, LK., E.A. O'brien, C. Molloy, R. Bryce, R., E.
Brady, M. Christie, A. Church, T. Collins, N. Cooper, A. Davies, D. Edwards, A. Evely, |
Fazey, R. Goto, N. Hockley, N. Jobstvogt, J. Orchard-Webb, N. Ravenscroft, M. Ryan, and
V. Watson, 2014b. Shared, Plural and Cultural Values: A Handbook for Decision-Makers.

UNEP-WCMC, Cambridge.

Kenter, J.O., L. O'Brien, N. Hockley, N. Ravenscroft, 1. Fazey, K. Irvine, M.S. Reed, M.
Christie, E. Brady, R. Bryce, A. Church, N. Cooper, A. Davies, A. Evely, Everard, M., R.
Fish, J.A. Fisher, N. Jobstvogt, C. Molloy, J. Orchard-Webb, S. Ranger, M. Ryan, V.
Watson, and S. Williams 2015. What are shared and social values of ecosystems? Ecological

Economics 111: 86-99.

Kenter, J.O. 2016a. Editorial: Shared, plural and cultural values. Ecosystem Services 21:

175-183.

Kenter, J.O., R. Bryce, M. Christie, N. Cooper, N. Hockley, K.N. Irvine, 1. Fazey, L. O'Brien,
J. Orchard-Webb, N. Ravenscroft, C.M. Raymond, M.S. Reed, P. Tett, and V. Watson 2016b.

Shared values and deliberative valuation: Future directions. Ecosystem Services 21: 358-371.

Kenter, J.O. 2016c¢. Integrating deliberative monetary valuation, systems modelling and
participatory mapping to assess shared values of ecosystem services. Ecosystem Services 21:

291-307.

Kenter, J.O., M.S. Reed, M.S., and I. Fazey 2016d. The Deliberative Value Formation model

Ecosystem Services 21B: 194-207. doi:10.1016/j.ecoser.2016.09.015

Kenter, J.O. 2017. Deliberative Monetary Valuation, in: Spash, C.L. (Ed.), Routledge

Handbook of Ecological Economics: Nature and Society. Routledge, Abingdon.



Kenter, J.O. 2018. IPBES: don’t throw out the baby whilst keeping the bathwater. Put

people’s values central, not nature’s contributions. Ecosystem Services. In Press.

Koch, E.W., E. Barbier, B.R. Silliman, D.J. Reed, GME Perillo, S.D. Hacker, E.F. Granek,
J.H. Primavera, N. Muthiga, S. Polasky, B.S. Halpern, C.J. Kennedy, C.V. Kappel, and E.
Wolanski 2009. Non-linearity in ecosystem services: temporal and spatial variability in

coastal protection. Frontiers in Ecology and the Environment 7(1): 29-37.

Laffaille, P., J.C. Lefeuvre, and E Feunteun. 2000. Impact of sheep grazing on juvenile sea

bass, Dicentrarchus labrax L., in tidal salt marshes. Biological Conservation 96(3): 271-277.

Ladenburgh, J. 2009. Stated Public Preferences for On-land and Offshore Wind Power

Generation—A Review. Wind Energy 12: 171-181

Ladenburgh J. and S. Lutzeyer 2012. The economics of visual disamenity reductions of
offshore wind farms. Review and suggestions from an emerging field. Renewable and

Sustainable Energy Reviews 16(9): 6793-6802.

Laurans Y., A. Rankovic, R. Bille’, R. Pirrard, and L. Mermet 2013. Use of ecosystem
services economic valuation for decision making: questioning a literature blindspot. Journal

of Environmental Management 119: 208-219.

Lienhoop, N., Bartkowski, B., and B. Hansju rgens 2015. Informing biodiversity policy: the
role of economic valuation, deliberative institutions and deliberative monetary valuation.

Environmental Science Policy 54: 522-532.

Luisetti, T., R. K. Turner, 1.J. Bateman, S. Morse-Jones, C. Adams, and L. Fonseca 2011.
Coastal and marine ecosystem services valuation for policy and management: Managed

realignment examples in England. Ocean & Coastal Management 54: 212-224.



Luisetti, T., R.K. Turner, T. Jickells, J. Andrews, M. Elliot, M. Schaafsma, N. Beaumont, S.
Malcom, D. Burdon, C. Adams, and W. Watts 2014. Coastal zone ecosystem services: from
science to values and decision making: a example. Science of the Total Environment 493:

682-693.

Luiten, H. 1999. A legislative view on science and predictive models. Environmental

Pollution 100: 5-11.Mace, G. 2014. Whose conservation? Science 345: 1558.

Martinez-Espineira, R 2007. 'Adopt a hypothetical pup": A count data approach to the

valuation of wildlife. Environmental Resource Economics 37(2): 335-360.

Martino S., and C.L. Amos 2015. Valuation of the ecosystem services of beach nourishment
in decision-making: The example of Tarquinia Lido, Italy. Ocean & Coastal Management

111: 82-91.

Matulis, B.S., 2014. The economic valuation of nature: A question of justice? Ecological

Economics 104, 155-157. doi:10.1016/j.ecolecon.2014.04.010

McCauley, D.J. 2006. Selling out on nature. Nature 443: 27-28.

MacDonald M.A., de Ruyck C., Field .H., Bedford A., Bradbury R.B., 2017. Benefits of
coastal managed realignment for society: Evidence from ecosystem service assessments in
two UK regions. Estuarine Coastal and Shelf Science xxx, 1-11.

https://doi.org/10.1016/j.ecss.2017.09.007

McGinnis, M. D., and E. Ostrom. 2014. Social-ecological system framework: initial changes

and continuing challenges. Ecology and Society 19(2): 30.

Mc Vittie, A., and D. Moran 2010. Valuing the non-use benefits of marine conservation

zones. Ecological Economics 70: 413-424.



MEA - Millennium Ecosystem Assessment, 2005. Ecosystem and Human Wellbeing:

Synthesis. Island Press.

Milon, J.W., and D. Scrogin 2006. Latent preferences and valuation of wetland ecosystem

restoration. Ecological Economics 56: 162—175. doi:10.1016/j.ecolecon.2005.01.009.

Morris, R.K.A. 2013. Managed realignment as a tool for compensatory habitat creation. A re-

appraisal. Ocean & Coastal Management 73: 82-91.

Murray, G., D’Anna, L., and P. MacDonald 2016. Measuring what we value: the utility of
mixed methods approaches for incorporating values into social-ecological system

management. Marine Policy 73: 61-68.

Myatt, L.B., Scrimshaw M.D., and J.N Lester. 2003. Public perceptions and attitudes towards
an established managed realignment scheme: Orplands, Essex, UK. Journal of Environmental

Management 68(2):173-181.

Myatt-Bell, L.B., Scrimshaw M.D., Lester, J.N., and J.S. Potts, 2002. Public perception of
managed realignment: Brancaster west marsh, North Norfolk, UK. Marine Policy 26(1): 45-

57.

NCC. 2015. The State of Natural Capital Protecting and Improving Natural Capital for
Prosperity and Wellbeing. Third report to the Economic Affairs Committee. Natural Capital

Committee.

Nassl M., and J., Loffler. 2015. Ecosystem services in coupled social —ecological systems:

closing the cycle of service provision and societal feedback. Ambio 44(8), 737-749.

Neumann, F. 2009. Non-technological barriers to wave energy implementation. Waveplam.
Available at http://www.waveplam.eu/files/downloads/Waveplam_Del_2- 2_Non-

technological-barriers.pdf



Norton, D., and S. Hynes, 2014. Valuing the non-market benefits arising from the
implementation of the EU Marine Strategy Framework Directive. Ecosystem Services 10:

84-96.

NOAA, 2006. Beach Nourishment. Available at: web site.

http://www3.csc.noaa.gov/beachnourishment/. consulted in 2013.

OECD 2013. Scaling up finance mechanisms for biodiversity. OECD Publishing, Paris. DOI:

http://dx.doi.org/10.1787/9789264193833-en

Orchard-Webb, J., J.O. Kenter, R. Bryce, and A. Church 2016. Deliberative Democratic
Monetary Valuation to implement the Ecosystem Approach. Ecosystem Services 21: 308—

318.

Ostberg, K., L. Hasselstrom, and C. Hakansson 2012. Non-market valuation of the coastal
environment - Uniting political aims, ecological and economic knowledge. Journal of

Environmental Management 110: 166—178. doi:10.1016/j.jenvman.2012.06.012.

Ostrom, E. 1990. Governing the commons. The evolution of institutions for collective

actions. Cambridge University Press.

Ostrom, E. 2007. A diagnostic approach for going beyond panaceas. PNAS 104(39): 15181-

15187

Ostrom, E. 2009. A general framework for analysing sustainability of social-ecological

systems. Science 325: 419-422.

Oczkowski, A., and S. Nixon 2008. Increasing nutrient concentrations and the rise and fall of
a coastal fishery; a review of data from the Nile Delta, Egypt. Estuarine, Coastal and Shelf

Science 77: 309-319.



Papathanasopoulou, E., N. Beaumont, T. Hooper, J. Nunes, and A.M. Queiros 2015. Energy
systems and their impacts on marine ecosystem services. Renewable and Sustainable Energy

Reviews 52: 917-926.

Parks, S., and J. Gowdy 2013. What have economists learned about valuing nature? A

Review essay. Ecosystem Services 3: el-el0.

Pasqualetti, M. 2011. Social barriers to renewable energy landscapes, Geographical Review

2:201-223.

Patricio, J., M. Elliot, K. Mazik, N. Papadopoulou, and C. Smith. 2016. DPSIR - Two
decades of trying to develop a unifying framework for marine environmental management.

Frontiers in Marine Science 3(177):177

Pearce, D.W., G. Atkinson, and S. Mourato 2006. Cost-benefit analysis and the environment.

OECD, Paris.

Pelc, R. and R.M. Fujita 2002. Renewable energy from the ocean. Marine Policy 26: 471—

479.

Pigou, A.C. 1932. The Economics of Welfare, 4th edition. London: Macmillan and Co.

Queiroz, C., Meacham, M., Richter, K., Norstrom, A.V., Andersson, E., Norberg, J., and G.
Peterson 2015. Mapping bundles of ecosystem services reveals distinct types of

multifunctionality within a Swedish landscape. Ambio 44: 89-101.

Randall, A. 2002. Considerations should be decisive when there is nothing more important at
stake, in Bromley, D and Paavola, J. (eds.) Economies, Ethics and Environmental Policy,

Oxford: Blackwell.



Ranger, S., Kenter, J.O., Bryce, R., Cumming, G., Dapling, T., Lawes, E., and P.B.
Richardson 2016. Forming shared values in conservation management: An interpretive-
deliberative-democratic approach to including community voices. Ecosystem Services 21:

344-357.

Ravenscroft, N. 2010. The mythologies of environmental economics. Journal of Policy

Research in Tourism, Leisure and Events 2: 129-143.

Ravetz. J.R. 1996. Scientific Knowledge and its Social Problems. Transaction, New
Brunswick, N.J.-London. Raymond, C.M., and J.O. Kenter 2016. Transcendental values and

the valuation and management of ecosystem services. Ecosystem Services 21, 241-257.

Rehr, A., M. Small P. Bradley, W. Fisher, A. Vega, K. Black, and T. Stockton 2012. A
Decision Support Framework for Science-Based, Multi-Stakeholder Deliberation: A Coral

Reef Example. Environmental Management 50(6): 1204—1218.

Reed, M.S. 2008. Stakeholder participation for environmental management: A literature
review. Biological Conservation 141: 2417-2431. Renewable UK 2011. Consenting lessons
learned: an offshore wind industry review of past concerns. Lessons learned and future

challenges. London

Ribaudo, M., Greene, C., Hansen, L., and D. Hellerstein 2010. Ecosystem services from

agriculture: steps for expanding markets. Ecological Economics 69: 2085-2092.

Rivero, S., and S. Villasante 2016. What are the research priorities for marine ecosystem

services? Marine Policy 66: 104-113.

Roach, M., M. Cohen, R. Forster, A. S. Revill, M. Johnson, 2018. The effect of temporary
exclusion of activity due to wind farm construction on a lobster (Homarus gammarus) fishery

suggests a potential management approach. ICES 75(4), 1416-1426.



Roca, E., and M. Villares 2012. Public perceptions of managed realignment strategies: the
case study of the Ebro Delta in the Mediterranean basin. Ocean & Coastal Management 60:

38-47.

Rova, S., and F. Pranovi 2017. Analysis and management of multiple ecosystem services

within a social-ecological context. Ecological Indicator 72: 436-443.

Ruckelshaus, M., E. McKenzie, H. Tallis, A. Guerry, G. Daily, P. Kareiva, S. Polasky, T.
Ricketts, N. Bhagabati, A.S. Wood, and J. Berhardt 2015. Notes from the field: lessons
learned from using ecosystem services approaches to inform real world decisions. Ecological

Economics 115: 11-21.

Sabatier, P.A. 1998. The Advocacy Coalition Framework: Revisions and Relevance for

Europe, Journal of Public Policy 83: 201-220.

Schoumans, O.F., W.J. Chardon, M.E. Bechmann, C. Gascuel-Odoux , G. Hofmand, B.
Kronvange, G.H. Rubakf, B. Uléng, and J.M. Doriozh 2014. Mitigation options to reduce

phosphorus losses from the agricultural sector and improve surface water quality: A review.

Science of The Total Environment 468-469: 1255-1266.

Scott, J. 2000. Rational Choice Theory. In Browing, G., Halcli, A., Webster, F. (eds.) From
Understanding Contemporary Society: Theories of the Present. Available at

http://www.soc.iastate.edu/SAPP/soc401rationalchoice.pdf.

Scott, B.E., K.N. Irvine, A. Byg, M. Gubbins, A. Kafas, J.O. Kenter, J.O., A. Macdonald, R.
Ohara Murray, T. Potts, A.M. Slater, J.F. Tweddle, K. Wright, and .M. Davies, 2016. The

Cooperative Participatory Evaluation of Renewable Technologies on Ecosystem Services

(CORPORATES). Scottish Marine and Freshwater Science 7, 1-88. doi:10.7489/1681-1



Scottish Government, Decision on Lewis Wind Farm 21/04/2008, 2008. Retrieved on

(01.10.14) http://www.scotland.gov.uk/News/Releases/2008/04/21102611.

Secretariat of the Convention on Biological Diversity 2004. The Ecosystem Approach, (CBD

Guidelines). Montreal, Secretariat of the Convention on Biological Diversity.

Selman, M., S. Greenhalgh, E. Branosky, C. Jones, and J. Guiling 2009. Water Quality
Trading Programs: An International Overview. World Resources Institute Issue Brief.

Available at www.trading_quality_programs_international_overview.pdf

Selman M., and S. Greenhalg. 2009. Eutrophication: policies, actions, and strategies to

address nutrient pollution. World Resource Institute. Policy Note N.3.

Seppelt, R., C.F. Dormann, F.V. Eppink, S. Lautenbach, and S. Schmidt 2011. A
quantitative review of ecosystem services studies approaches, shortcomings and the road

ahead. Journal of Applied Ecology 48: 630-636.

Shapansky, B., Adamowicz, W., and P. Boxall 2003. Measuring Forest Resource Values: An
Assessment of Choice Experiments and Preferences Construction Methods as public
Involvement Tools. Rural Economy, Project Report 02—-03. University of Alberta, Edmonton,

Canada.

Shepherd, D., D. Burgess, T. Jickells, J. Andrews, R. Cave, R. K. Turner, J. Aldridge, E.R.
Parker & E Young 2007. Modelling the effects and economics of managed realignment on

the cycling and storage of nutrients, carbon and sediments in the Blackwater estuary UK.

Estuarine, Coastal and Shelf Science, 73: 355- 367.

Skeate, E.R., M.R. Perrow , and J. Gilroy 2012. Likely effects of construction of Scroby
Sands offshore wind farm on a mixed population of harbour Phoca vitulina and grey

Halichoerus grypus seals. Marine Pollution Bullettin 64(4): 872-81.



Skollerhorn, E. 1998. Habermas and Nature: The Theory of Communicative Action for
Studying Environmental Policy. Journal of Environmental Planning and Management 41(5):

555-573.

Slavikova, L. 2013. From cost benefit to institutional analysis in the economics of the

environment. Contemporary economics 7(2): 67-75.

Spash, C.L., 2015. Bulldozing biodiversity: The economics of offsets and trading-in Nature.

Biol Conserv 192, 541-551. doi:10.1016/j.biocon.2015.07.037

Staples, D., R. Brainard, S. Capezzuoli, S. Funge-Smith, C. Grose, A. Heenan, R. Hermes,
P. Maurin, M. Moews, C. OBrien, and R. Pomeroy 2014. Essential EAFM. Ecosystem
Approach to Fisheries Management Training Course. Volume 1 For Trainees. FAO Regional

course for Asia and the Pacific, Bangkok, Thailand, RAP Publication 2014/13, 318pp.

TEEB, 2010. The economics of ecosystem services and biodiversity. Mainstreaming the

economics of nature: a synthesis of the approach, conclusion and recommendations.

Tett, P. and A. Wallis 1978. The general annual cycle of chlorophyll standing crop in Loch

Creran. Journal of Ecology 66: 227-239.

Tett, P. 2008. Fishfarm wastes in the ecosystem. In M. Holmer, K. Black, C. M. Duarte, N.
Marba & I. Karakassis (eds). Aquaculture in the Ecosystem, paegs 1-46. Netherlands,

Springer.

Tett, P., and A. Sandberg 2011. Introduction. Sustaining Coastal Zone Systems. In P.Tett, A,

Sandber and A. Matte (eds.). Edinburgh, Dunedin Academic Press.

Tett, P., E. Portilla, P. A. Gillibrand and M. Inall 2011a. Carrying and assimilative capacities:

the ACExXR-LESV model for sea-loch aquaculture. Aquaculture Research 42: 51-67.



Tett, P., M. Inall, P. Gillibrand, T. Hawkins, E. Portilla and M. Gubbins 2011b. Development
of Assimilative Capacity and Carrying Capacity Models for Water Bodies utilized for Marine
Bivalve and Caged Fish Farming (Final Report on SARF 012A). 83 pp. Oban, Scottish

Association for Marine Science.

Tett, P., Sandberg, A., Mette, A., Bailly, D., Estrada, M., Hopkins, T.S., Rideba d’Alcala’,
M., and L. McFadden 2013. Perspective of social and ecological systems. In Moksness, E.,
Dahl, E., Stottrup, J., (eds). Global Challenges in Integrated Coastal Zone Management,

pages 229-243. John Wiley &Sons.

Tett, P., K. Black, R. Brennan, E. Cook and K. Davidson 2015. Sustainable Mariculture at
high Latitudes (chapter 6). In Century. J. Baztan, O. Chouinard, B. Jorgensen, P. Tett, J.-P.
Vanderlinden and L. Vasseur, (eds).Coastal Zones: Solutions for the 21st Century. Elsevier.

Vol.: 73-81

Tscherning, K., K. Helming, B. Krippner, S. Sieber, and S. Gomez y Paloma 2012. Does
research applying the DPSIR framework support decision making? Land Use Policy 29: 102—

110.

Turner, R.K., D. Burgess, D. Hadley, E.G. Coombes, and N. Jackson 2007. A cost-benefit

appraisal of coastal managed realignment policy. Global Environmental Change 17: 397-407.

Turner, R. K. 2007. Limits to CBA in UK and European environmental policy: retrospect and

future prospects. CSERGE Working Paper EDM 06-17. ISSN 0967-8875.

Turner, R.K., and G.C. Daily 2008. The ecosystem services framework and natural capital

conservation. Environmental Resource Economics 39: 25-35.

Turner, K., M. Schaafsma, M. Elliott, D. Burdon, J. Atkins, T. Jickells, P. Tett, L. Mee, van

Leeuwen, S., S. Barnard, Luisetti, T., L. Paltriguera, G. Palmieri, and J. Andrews 2014. UK



National Ecosystem Assessment Follow-on. Work Package Report 4: Coastal and marine

ecosystem services: principles and practice. UNEP-WCMC, LWEC, UK.

Turner, R.K. 2016. The “Balance Sheet” approach within adaptive management for
ecosystem services, in: Potschin, M., Haines-Young, R., Fish, R., Turner, R.K. (Eds.),

Handbook of Ecosystem Services. Routledge, London, pp. 289-303.

Turnhout, E., C. Waterton, K Neves, , and M. Buizer 2013. Rethinking biodiversity: from

goods and services to “living with”. Conservation Letter 6: 154-161.

Turnpenny, J., D. Russel, and A. Jordan, A 2014. The challenge of embedding an ecosystem
services approach: Patterns of knowledge utilisation in public policy appraisal.

Environmental Planning C 32, 247-262. doi:10.1068/c1317]

UK NEA 2011. The UK National Ecosystem Assessment. Cambridge, CUP.

UK NEA (National Ecosystem Assessment Follow-on) 2014. The UK National Ecosystem

Assessment Follow-on: Synthesis of the Key Findings. UNEP-WCMC, LWEC, UK.

UNEP, 2010. Clearing the waters. A focus on water quality solution. Available at

http://www.unep.org/PDF/Clearing_the_Waters.pdf

Voke, M., L. Fairley, M. Willis, and 1. Masters 2013. Economic evaluation of the recreational
value of the coastal environment in a marine renewables deployment area. Ocean & Coastal

Management 78: 77-87.

Young. O. 2002. The Institutional Dimensions of Environmental Change, MIT Press,

Cambridge, MA.

Waltner-Toews, D., N.M.E.Lister, and S. Bocking 2008. Preface, in: Waltner-Toews, D.,
Kay, J.J., Lister, N.M.E. (Eds.), The Ecosystems Approach. Columbia University Press, New

York / Chichester, West Sussex, pp. iX—XxV.



Wilhelmsson, D., T. Malm, and M.C. Ohman 2006. The influence of offshore wind power on

demersal fish. ICES Journal of Marine Science 63: 775-784.

Wilhelmsson, D. and T. Malm 2008. Fouling Assemblages on Offshore Wind Power Plants

and Adjacent Substrata. Estuarine, Coastal and Shelf Science: 79(3): 459-466.

Wright, G. 2014. Regulating marine renewable energy development: a preliminary

assessment of the UK permitting processes. Underwater Technology 32(1):1-12.

Wright, G. 2015. Marine governance in an industrialised ocean: a example of the emerging

marine renewable energy industry. Marine Policy 52: 77-84.



Figure 1: A multi-tier framework for analyzing a Social-Ecological System’, redrawn with

slight modifications from Ostrom (2007)

Figure 2: A social-ecological system (Tett & Sandberg, 2011) showing the three routes by
which ecosystem services can be allocated within human societies. A feedback loop from
society to ecosystem considered is not shown, but we recognize that natural events and
human activities are the drivers of pressures on the state of the ecosystem; changes in
ecosystem services impact on society and bring about a management response. Some of the
allocation mechanisms include feed-back loops (e.g. the response of price changes on
demand for a particular service; see UK NEA, 2014 and Diaz et al., 2015 for a specific

description of a circular pattern between ES provision and institutional response).

Figure 3. A social ecological system linking the Habermas view of model of society (1987)
with the social-ecological system provided by Ostrom (2007) and shown in Figure 1.
Ostrom's users are to be found in within the two spheres of the lifeworld, constrained there
by societal norms, and within the two media-steered major subsystems of organised society,

where they are constrained by the relevant medium.

Figure 4: map of the case studies. On the left a map of the UK. On the right a zoom in the
sites where example are borrowed. Loch Creran (figure 4.1) is a fjord in the Argyll region of
Scotland and is considered for the social-economic analysis of assimilative capacity; the
Somerset Levels (figure 4.2) are a coastal plain and wetland area in south west England and
are considered here to discuss the case of coastal managed realignment; the Firth of Forth
(figure 4.3) is the estuary of the River Forth and several other Scottish rivers and is

considered for the analysis of the offshore wind farm case.

Figure 5: Assimilative Capacity of a water body for an anthropogenic waste
Seawater circulates through the example water body, loch Creran. The concentration of
anthropogenic waste added to the loch (for example by a fish-farm) depends on the rate of

loading with the waste, the rate of its loss to local removal processes, and the rate of loss to



the water circulation. Other things being equal, the concentration increases with load.
Regulators set a maximum allowable concentration (an Environmental Quality Standard,
EQS) of the waste. Assimilative capacity is the excess of this EQS over the background
concentration of the waste substance in the seawater that is flushing the loch. For further

details of loch Creran's circulation see Tett (2008) and Tett et al. (2011a).

Figure 6: Assimilative Capacity (AC) is a bio-physical measure of the ability of an ecosystem
to absorb anthropogenic inputs of substances without damaging the health of the ecosystem
or its ability to provide goods and services (Tett et al., 2011). In the present case, the
substances are organic waste, plant nutrients, and fish-treatment medicines. AC relies on the
proper functioning of ecosystem processes including, in the case study, dilution of loch
contents by external sea-water, cycling of nutrients, and decomposition of organic matter. AC
is not infinite and is bounded by the intrinsic limits of the environment. If overcome, this
function is lost and provides a reduction of water quality, which generates disutility to the

end users.

Figure 7: Linear cascade between functioning ecosystem services and benefits for the coastal
defence case study where the production of new coastal habitat provide control of waves
regime and facilitate the protection of the inwards capital assets and uses of land such as

agriculture or urban/industrial expansion. Source: adapted from Luisetti et al., 2011

Figure 8: The Triple Balance Sheet approach (simplified from Turner et al., 2016). “"Tame'
problems relating to the use of ecosystem services should be soluble by straightforward
economic analysis as in the left-hand column. More complex and “wicked' problems (Jentoft

& Chuenpagdee, 2009) require the additional columns of analysis



Table 1: Summary of some recent studies on environmental impacts of renewables on the marine environment arranged under the logic of the

ecosystem service terminology (according to UK NEA (2011) and CICES (2016)

Ecosystem Issues Comments Authors
service
Provisioning = Commercial fishery Higher abundance of commercial fish and shellfish through artificial Wilhelmsson et al. (2006);
services reef effects, but not recognised universally;
Species richness and diversity reduced around the turbines; Hooper and Austen (2014);
No direct effects on catch rates within the fishery; Hooper et al. (2015);
Sensitivity of rays, eels, cod, plaice to electromagnetic field of OWF Andersson and Ohman (2010);
Hooper and Austin (2015)
Gill et al. (2005); Gill et al.,
2012
Regulating Nutrient decomposition, Very limited studies and no relevant results
services gas regulation, etc.
Abundance at OWF foundations is likely to increase the capacity of Wilhelmsson and Malm (2008)
the system to remediate waste
Mainly studies on community structure and diversity of habitats, Brandt et al. (2011); Skeate et
behavioural changes of species and changes in abundance of species al. (2012);
associated with construction and operation
Cultural Seascape and cultural Valuation of gain and loss changes for local residents in cultural Gee and Burckard (2010)
services services services provided by seascape of the west coast of Schleswig-

Holstein (Germany) in a context of OWF development. Offshore
location of development limits the loss of amenity/aesthetic values,




but not the threat to nature and the symbolic value of the sea

Values of preferences

Change in preferences for OWF in relation to onshore/offshore
location of the development. Offshore location of development
limits the loss of cultural values measured as WTP

Ladenburgh (2009),
Ladenburgh and Lutzeyer
(2012); Voke et al. (2013)

Biodiversity

Scientific impacts to
biodiversity

Contradictory results on animal impacts show both detrimental
effects and limited direct impacts to avian population

Inger et al. (2009); Hattam et
al. (2015)




Table 2: Different signals (defined using Habermassian categories in bracket) from the civil
society for the three ecosystem services considered in the proposed examples addressing
changes at local scales under the imperfect possibility to use only an economic approach to

deal with the complexities of ecosystem services provision.

Type of Signal =

Ecosystem Services

Economic
[money-
steered/markets]

Social
[lifeworld/deliberativ
e]

Institutional
[power-steered]

Assimilative capacity

Reduced damages
by pricing
pollution, but in
case of overtaking
AC threshold.

Sense of danger for
pollution amongst
stakeholders.

Clear definition of
property/user rights
in negotiating how to
reduce pollution.

Coastal defence

Valuation for
assessing avoided
damages and
social-economic
impacts of
protection
provided by
natural dynamics

Sense of non-
protection (insecurity
felt by communities)
provided by natural
habitats

Use of
environmental CBA
of coastal defence,
including
externalities and
benefits from ES

Energy from
renewables

Mobilising
capitals into the
industry/valuation
via EIA, financial
discounted cash
flow and CBA

Failure in science in
providing the right
information on MRE
impacts on habitats
and species

Precautionary
principle applied in
EU environmental
policies
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