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Abstract

The aspirations for natural capital and ecosystem service approaches to support environmental
decision-making have not been fully realised in terms of their actual application in policy and
management contexts. Application of the natural capital approach requires a range of methods, which
as yet have not been fully tested in the context of decision making for the marine environment. It is
unlikely that existing methodologies, which were developed for terrestrial systems and are based on
land cover assessment approaches, will ever be feasible in the marine context at the national scale.
Land cover approaches are also fundamentally insufficient for the marine environment because they
do not take account of the water column, the significant interconnections between spatially disparate
components, or the highly dynamic nature of the marine ecosystem, for example the high spatial
mobility of many species. Data gaps have been a significant impediment to progress, so alternative
methods that use proxies for quality information as well as the opportunities for remote sensing should
be explored further. Greater effort to develop methodologies specifically for the marine environment is
required, which should be interdisciplinary and cross-sectoral, coherent across policy areas, and
applicable across a range of contexts.

1. Introduction

The potential of ecosystem services and natural capital approaches to support decision making for
improved environmental outcomes is much vaunted. However, it is well documented that there remains
a disconnect between academic research and actual integration into policy frameworks and subsequent

decision making (Laurans et al., 2013; Primmer et al., 2018; Barton et al., 2018).

The UK has a receptive policy landscape for the adoption of natural capital approaches. It was the first

country globally to attempt a national-scale assessment of the benefits provided by nature to society
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and the economy, an endeavour part-funded by the UK Government and devolved administrations (UK
National Ecosystem Assessment, 2011; 2014). An Environment White Paper (HM Government, 2011)
further enshrined natural capital thinking within UK environmental policy, with commitments to include
natural capital within the UK Environmental Accounts and to establish a Natural Capital Committee to
advise government. Most recently, the 25 Year Environment Plan (HM Government, 2018) reaffirmed
the government’s position that the environment underpins well-being and prosperity and provides
guantifiable economic benefits, and explicitly stated that “over the coming years the UK intends to use
a ‘natural capital’ approach as a tool to help us make key choices and long-term decisions”. The Plan
further outlined the intention to reframe financial incentives for land and fisheries management in the
context of improving ecosystem service delivery, aspirations which have the potential to be reinforced

by upcoming agricultural and fisheries legislation (Agriculture Bill, 2018; Fisheries Bill, 2018).

Such unequivocal language sends a clear signal of high-level policy intent, but this must be underpinned
by guidance, methods and tools that allow the approach to be implemented in practice. Application of
the natural capital approach to the marine environment presents particular challenges, not least in that
it suffers knowledge and governance deficits, perhaps more than any other ecosystem (Beaudoin &
Pendleton, 2012). Also, coasts and seas cross borders and jurisdictions not coincident with the scale
of the ecological processes, which includes interaction with terrestrial systems (Turner et al., 2014),
bringing challenges for management and governance. Furthermore, most effort in developing the
natural capital approach has focused on terrestrial systems (Liquete et al., 2013). The complexity of the
marine environment (and the challenges of collecting data on it) often requires modification of methods

and strategies.

In this paper, we examine the extent to which the natural capital approach is sufficiently operationalised
to support decision making for the marine environment, focusing mainly on the context of UK policy.
The UK has been chosen for its conducive policy environment, but we also bring in international
examples, particularly from the European Union. We describe the frameworks (Section 2) and
mechanisms (Section 3) needed to apply the approach, bringing together examples of where these
have been used in marine and coastal contexts. We then discuss whether they are fit for purpose for
the marine environment (Section 4), including highlighting key challenges and suggesting where
alternative approaches are required. We make extensive use of grey literature, as this is often
commissioned by, or otherwise prepared in collaboration with, government departments, statutory
nature conservation bodies, local authorities, non-governmental organisations and businesses, and

thus provides direct links to natural capital practice, which academic literature often lacks.

2. Natural capital frameworks
2.1 Conceptual framework
In the UK policy context, the Natural Capital Committee (2014) sought to formalise a conceptual

approach to natural capital assessment (Figure 1), which recognises that: (i) there is a set of natural



capital stocks (the assets); (ii) each natural capital stock may provide one or more services; these are
outputs or features of each stock; (iii) services, often combined with ‘other capital inputs’, can be used
to produce goods [which] are what people receive and use from natural capital stocks; and (iv) ‘Goods’
are consumed / used and provide benefits (to people) which can be valued (often in monetary terms).

Major land-use categories are proposed as accounting units for natural capital.
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Figure 1. The natural capital conceptual framework (Natural Capital Committee, 2014)

The concept of ecosystem services, and attempts to operationalise it, was the focus of early attention
through standalone approaches, and remains a key element of the broader natural capital structure.
The importance of conceptual frameworks such as the Millennium Ecosystem Assessment (MA; 2003),
The Economics of Ecosystems and Biodiversity (TEEB; 2010) and the UK National Ecosystem
Assessment (UK NEA, 2011) in developing the ecosystem services component of the natural capital
approach (as well as the wider academic research that underpinned and evaluated them) cannot be
overstated. They have led to a broad convergence around (i) high-level classification of services within
the provisioning, regulating and cultural categories, and (ii) propounding the fundamental principles that
only ecosystem endpoints should be valued and that value comprises much more than the monetary
component.

This latter point is reiterated within guidance for practitioners, which recognises that it is not always
possible to monetise natural capital, and that natural capital accounts using non-monetary metrics also
have considerable power (HM Government, 2018; HM Treasury, 2018; Vardon et al., 2017). The
depiction in conceptual frameworks of linear chains or cascades from ecological processes through
services to economic value (as in, for example, Figure 1) perhaps compounded the notion that the
overall objective of the natural capital approach was to derive monetary values. However, it is
increasingly being emphasised that all components of the approach should be considered holistically:
the measurement of the status of natural capital stocks (not just the marginal valuation of current flows
of services and benefits) is vital to ensure that these are maintained and can continue to provide

services into the future (HM Treasury, 2018).

2.2 Classification Frameworks

2.2.1 Ecosystem Services



There have been a number of attempts to undertake marine ecosystem service assessments (including,
with reference to the UK, Atkins et al., 2011; Beaumont et al., 2007, 2008; Bohnke-Henrichs et al., 2013;
Dickie et al., 2014; Everard et al., 2010; Hattam et al., 2015; Hooper et al., 2014; Hussain et al., 2010;
Jones et al., 2011; Liquete et al., 2013; Norton et al., 2018; Saunders et al, 2010; Turner et al., 2014,
2015). In these, researchers have rarely used overarching frameworks such as the MA, TEEB or UK
NEA without first modifying them to suit the specific circumstances. This suggests that the overarching
frameworks provide a strong conceptual basis for ecosystem service assessment, but do not provide a
standard operational classification that can be universally applied in practice. It has been argued that
the development of a standard classification framework is essential, to prevent confusion, maximise
accessibility and increase the comparability and transferability of assessments between different
locations, issues and scales (Beaumont et al., 2007; Haines-Young & Potschin, 2010; Saunders et al.,
2010; Wallace, 2007). However, the difficulties of successfully developing a universally accepted,
operationally effective classification system are also well documented, with some authors questioning
whether this could ever be achieved (Costanza, 2008; de Groot et al., 2002; Fisher et al., 2009).

The Common International Classification of Ecosystem Services (CICES; Haines-Young & Potschin,
2013; 2018) is one of the most commonly used classification systems globally (and particularly in
Europe) and has been used by government agencies as well as academics (La Notte et al., 2017). It
has also been endorsed as a classification framework for the development of natural capital accounts
in the Dutch North Sea (Graveland et al., 2017). The most recent comprehensive revision (for CICES
v5.1, released in 2018) took more explicit account of its relevance for marine and coastal ecosystems,
based on a review of the previous version (v4.3) and its use in developing an operational assessment
framework to support EU policy needs (Haines-Young & Potschin, 2018). Full details of this process
and its conclusions are not in the public domain, although Culhane et al. (2018) provide a list of 33

marine-relevant ecosystem services as derived from CICES v4.3.

2.2.2 Habitat classifications

The foundation for natural capital assessment is the definition of the underlying ecological components
for which the assessment is taking place. The term Service Providing Unit (SPU) was coined, initially,
to describe the group of individuals that provides one or more ecosystem services, while recognising
that the definition of any SPU would vary according to context, particularly in terms of spatial and

temporal scales (Luck et al. 2003).

In their conceptual framework for the UK (Figure 1), the Natural Capital Committee (2014) proposed
that the broad habitat types defined within the UK NEA (2011) are used as the basic SPUs for
assessment, as these form the basis of existing monitoring schemes, are mutually exclusive, and cover
the entire country. This includes the categories of coastal margins and marine habitats (Table 1). An
alternative typology of coastal and marine habitats has been proposed by the European Union’s
Mapping and Assessment of Ecosystem Services (MAES) initiative, which links to the European Nature

Information System (EUNIS) and Marine Strategy Framework Directive (MSFD) classifications (Maes



et al., 2013) and also explicitly includes pelagic systems, which are largely absent from the UK NEA

classification.

Table 1. Mapping coastal and marine habitats typologies as proposed for the UK by National Ecosystem
Assessment (UK NEA, 2011) and in the European Union context by the Mapping and Assessment of Ecosystem
Services (MAES) initiative (Maes et al., 2013)

UKNEA MAES
Habitat
Zone Category Habitat class Habitat Habitat class(es)
& E Land Sand dunes
55 cover Machair
A= Shingle
Sea cliffs
= Pelagic Coastal lagoons Coastal Low/reduced salinity water (of lagoons)
5 margin Variable salinity water (coastal wetlands,
-‘:: estuaries, other transitional waters)
Marine salinity water (of other inlets)
Coastal waters
Benthic Saltmarsh Marine inlets and
Intertidal rock Littoral rock & biogenic reef transitional waters;
Intertidal sediments Littoral sediment Coastal
I g Pelagic Coastal waters
] = .
% T  Benthic Subtidal rock Shallow sublittoral rock & biogenic reef
= @ Shallow subtidal sediment Shallow sublittoral sediment
« Pelagic Marine Shelf waters
2 TBenthic Shelf subtidal sediment Shelf sublittoral rock & biogenic reef Shelf
n . )
Shelf sublittoral sediment
< _Pelagic Oceanic waters
9 Benthic Deep sea habitats Bathyal rock & biogenic reef
o Bathyal sediment Open ocean
2 Abyssal rock & biogenic reef
Abyssal sediment

3. Assessment and Appraisal Mechanisms

There is no single, universal methodology through which the natural capital approach is applied, but the

core requirement is to measure the extent, status and value of natural capital assets and the services

and benefits derived from them (Natural Capital Coalition, 2016; Natural Capital Committee, 2017). This

information then provides the baseline against which the impacts of management and development

options can be evaluated in the context of defined objectives for environmental exploitation, protection,

maintenance and restoration. There are a number of opportunities for implementing the natural capital

approach in the context of UK policy (Figure 2), through distinct mechanisms that are based on

assessment of either the condition (in ecological terms) of assets and services or the value of goods

and benefits (or services that serve as a proxy for these).
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Figure 2. Mechanisms for implementation of the natural capital approach within the UK policy framework

3.1 Asset register

An asset register has been defined simply as “an inventory of the natural assets in an area and their
condition”, for which assets could be defined according to their type, area and quality, using maps and
Geographical Information System (GIS) layers where possible (Natural Capital Committee, 2017). The
location of an asset and how it is configured (for example the extent of fragmentation) is also important,
as this can have a significant effect on ecological functions and on benefits (Mace et al., 2015; Bateman
et al.,, 2011). The Natural Capital Committee (2017) provides guidance on (although not a formal
methodology for) developing an asset register. MAES has developed a framework (Erhard et al., 2016),
which illustrates how data and maps on habitat extent, condition, ecosystem services and the drivers
and pressures by which they are affected can be brought together in the mapping and assessment of

ecosystem condition.

Other initiatives for assessing the condition of natural capital have proposed and applied methods that
are more quantified and systematic. The Scottish Government first published its Natural Capital Asset
Index (NCAI) in 2011, in what was reportedly the first example of a detailed attempt to measure annual
changes in natural capital at the national level (Albon et al., 2014). The NCAI (which is reported as a
single figure) uses habitats as service providing units (SPUs) and considers their area, their potential
to deliver ecosystem services and the relative national importance of these services (assigned primarily
through expert judgement), together with indicators of asset condition, in order to model their
contribution to human well-being, which is monitored annually relative to the year 2000 (Scottish Natural
Heritage, 2018a, 2018b). Pilots and frameworks for natural capital asset indices were also developed
for the Netherlands (ten Brink et al., 2003) and Costa Rica (Barton et al. 2014), although these do not

appear to have been replicated. Examples of natural capital asset registers can also be found for
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smaller scales, such as that for the Exmoor national park (Deane and Walker, 2018) and the North

Devon Marine Pioneer (Rees et al., 2018).

The MAES initiative included a pilot assessment for marine ecosystems (as one broad category) at the
EU level (Erhard et al., 2016). Marine habitats do not form part of the NCAI, although it does cover
coastal habitats above the spring high tide limit which are normally only affected by spray or splash
(coastal dunes and sandy shores (incorporating machair); coastal shingle; and rock cliffs, ledges and
shores). A scoping study on the feasibility of a marine NCAI for Scotland has very recently been
published (Tillin et al., 2019). It has also been reported that the initial structure for a marine natural

capital asset register for UK offshore waters is in development (JNCC, 2018).

3.2 Risk register

The Natural Capital Committee (2013) suggests that the assets at greatest risk from unsustainable use
and poor management should be identified in order to prioritise natural capital investment decisions. A
regularly updated risk register that systematically documents the threats to assets and benefits is
proposed as an important tool for this process. A risk register should document the likelihood of changes
in the delivery of benefits and the scale of impact of such changes (Natural Capital Committee, 2017).
A methodology for developing a risk register, and a preliminary high level assessment at the national
scale, was developed by Mace et al. (2015) as part of the Natural Capital Committee’s work. Mace et
al. (2015) defined their natural asset classes by following the UK NEA (2011) broad habitat types, which

include two marine categories: coastal margins and marine (Table 1).

As yet, the development of risk registers for natural capital does not appear to be common practice,
although one further example was identified. Lovett et al. (2018) broadly replicated the approach taken
by Mace et al. (2015) in developing a risk register for the Anglian Water Combined Services Area, again

reporting only for the same broad-scale, aggregated coastal and marine habitats.

3.3 Natural Capital Accounts

The accounting element of the natural capital approach has been the focus of significant effort in
response to national and international policy drivers. Broadly, the accounting framework includes
assessment of both stocks and flows, in monetary and non-monetary terms. Physical accounts consider
the extent and quality of stocks, and quantities (rather than values) of ecosystem services and thus
overlap with concepts of a natural capital asset registers and condition assessment. There is a
distinction in that the expectation with accounts is that these parameters would be quantified and

recorded at regular intervals (usually annually).

The United Nations has led efforts to meet commitments for integrated accounts through the System of

Environmental-Economic Accounting (SEEA) and the complementary Experimental Ecosystem



Accounting (EEA), which broadens the perspective to consider ecosystem services and the relationship
between stocks and flows (United Nations, 1993; United Nations et al., 2014a,b). The World Bank-led
Wealth Accounting and Valuation of Ecosystem Services (WAVES) (Vardon et al., 2017) is a global
partnership that aims to mainstream natural resources into development planning and national
accounts. However, it contrasts with the SEEA in seeking a shift in emphasis from ‘supply side’
generation of accounts (technical focus) to ‘demand side’ support for decision makers in improving
natural capital policy (decision-centred focus). At the EU level, the Knowledge Implementation Project
on the Integrated system for Natural Capital and ecosystem services Accounting (KIP-INCA) is an
ongoing programme that seeks to produce physical and monetary accounts for the EU, and has close
links to the MAES initiative and CICES (European Commission & European Environment Agency,
2016). In the UK, the Office for National Statistics (ONS) recently published experimental ecosystem
service accounts for the period 1997 to 2015 (ONS, 2018).

In addition to national-level accounts, the Natural Capital Committee (2013) also advocates corporate
natural capital accounting to support understanding amongst businesses, land owners and land
managers of the risks to their supply chains and future growth opportunities from the deterioration of
natural capital. This has similarities with the Natural Capital Protocol, a framework for decision making
at the organisation level that has been developed through an international collaboration (Natural Capital
Coalition, 2016).

In the EEA, proposed assessment of stocks is spatial and based on land cover types as defined in the
Food and Agriculture Organisation Land Cover Classification System (FAO, 2009) within which there is
the single category of coastal water bodies. An early case study involved developing the approach for
fisheries (United Nations & Food and Agriculture Organization of the United Nations, 2004), in an
attempt to address the limitation within the existing international System of National Accounts that fish
stocks were recorded only in terms of income and did not record stock depletion (and hence potential
over-exploitation). The UK’s ecosystem service accounts included marine examples through wild
caught fish and recreation, although marine and coastal habitats were excluded from the carbon
accounts (ONS, 2018). This is in contrast to SEEA carbon accounts for the Netherlands, which did
include coastal dunes and saltmarsh (Statistics Netherlands and Wageningen University, 2017).
Beyond Europe, the Australian Bureau of Statistics (ABS, 2017) has produced experimental accounts
for the Great Barrier Reef area, again based on SEEA-EEA. Accounts for marine and coastal resources
are notably lacking from the examples provided in WAVES reporting, which gives only brief reference
to those for fisheries and aquaculture in Guatemala (Castaneda et al., 2017) and pilots and scoping
studies in the UK and Sweden (Barter, 2017; Steinbach, 2017), although the expectation for these to

be included in the future was noted, at least for Costa Rica (Gutiérrez-Espeleta, 2017).

Scoping for marine (eftec, 2015) and coastal margin (ONS, 2016) accounts for the UK provided initial
exploratory monetary accounts for carbon sequestration and recreation, fish (marine study only), and

sea defence and air quality regulation (coastal margin study only). The set of specified habitats was



also limited and again used the UK NEA (2011) habitat classification for coastal margin habitats.
Saltmarsh also featured in the marine scoping study, together with offshore sediments in two depth
ranges, maerl beds, and a general marine category. The marine study also considered the role of the
water column in terms of calculating the value of the North Sea carbon pump (an interaction between
the North Sea and deeper North Atlantic waters) to carbon sequestration. In exploring ecosystem
accounts for UK protected areas, White et al. (2015a,b) excluded marine habitats but did include limited
coastal margin habitats (supralittoral rock and sediment, and saltmarsh) with monetary values reported
for assets and services related to livestock (through grazing), air quality, climate regulation and

recreation.

At the European level, a horizon scanning exercise has been carried out to establish priorities for marine
natural capital accounts (Weatherdon, 2018). This was undertaken primarily from the perspective of
integrating ecological information collected as part of EU policy obligations into extent and condition
accounts rather than from the perspective of reporting economic values. Related work within the KIP-
INCA project has developed an experimental seagrass account which aligns with existing habitat
classification systems as well as the CICES classification for ecosystem services (Weatherdon et al.,
2017). This focused on the extent and condition components, while also noting the contribution of
seagrass to certain ecosystem services, namely carbon sequestration, food provisioning, water flow
stabilisation, nurseries for commercial fish, and mass stabilisation and erosion control. Marine natural
capital accounts for the Dutch North Sea area have also been scoped but not trialled (Graveland et al.,
2017).

Examples of pilot corporate natural capital accounts are also emerging. Again, these are largely
terrestrial and tend to concern forests or urban green space (e.g. Forest Enterprise England, 2017;
eftec & Jon Sheaff and Associates, 2017; Vivid Economics, 2017). However, one example focussed on
a utility company and its maintenance of four designated bathing waters (eftec et al., 2015), while the
account compiled for the RSPB (2017) included extent and population trend data for marine and coastal

habitats and species, although not explicit monetary values.

3.4 Policy, Programme and Project Appraisal

Asset registers, risk registers and accounts are designed as systematic records of status and for
reporting changes and trends over time. The natural capital approach also has the potential to support
the evaluation of discrete policies, programmes and projects through the adaptation of existing appraisal
mechanisms. Policy appraisal and environmental impact assessment are not frameworks specific to
natural capital, but do provide key mechanisms through which natural capital information can be

incorporated into the wider decision-making process.

3.4.1 Regulatory Impact Assessment
The primary appraisal processes for UK national policy is regulatory Impact Assessment (IA), which

should not be confused with Environmental Impact Assessment (EIA, discussed in Section 3.4.2). 1A is



used to evaluate the economic, social and environmental implications of new legislation or other policy
changes. IAs are also a requirement at the EU level. It has been proposed that the ecosystem service
approach fits well with IA because the purpose of the ecosystem service approach is to link the
environment to the wellbeing of beneficiaries and so it has the potential to better integrate the three

components of IA (Helming et al., 2013).

The EU guidelines make no reference to natural capital and ecosystem services (European
Commission, undated). In the UK, the Green Book (HM Treasury, 2018) provides comprehensive,
approved guidance, methods and tools for the appraisal process, and makes specific reference to the
natural capital framework as a means of enabling “all options to be assessed more accurately for
potential improvements and/or damage to the environment.” Monetary valuation is central to IA, and
the Green Book provides further, brief guidance (and in some cases indicative value estimates) related
to valuing specific elements of natural capital, some of which are relevant to in the marine context.
There is also a substantial pool of wider resources available to support the monetary valuation that is
required in IA, including practitioner guidance on valuation methods (e.g. eftec, 2009, 2010), reviews of
monetary valuations (e.g. Torres and Hanley, 2017, specifically for marine and coastal) and value
databases (e.g. those held by the Marine Ecosystem Services Partnership,
http://map.marineecosystemservices.org/ and the Environmental Valuation Reference Inventory,

http://www.evri.ca/).

There is some evidence that at least certain elements of the natural capital approach are applied in
practice in 1A for the marine environment. The recent IA for designation of the next phase of marine
conservation zones in the UK (Defra, 2017) used an ecosystem services framework (from the UK NEA,
2014) to assess the benefits of designation over the baseline option for non-use values, research and
education, fish and shellfish for human consumption, natural hazard protection, environmental
resilience, gas and climate regulation, and regulation of pollution, and included some monetary values

of the benefits arising.

The second main assessment mechanism for national policy is the development of business cases to
justify spending proposals. Where explicit reference to natural capital is made within the Green Book
(HM Treasury, 2018), this is primarily in the context of determining how policy decisions will impact
upon it and not in terms of developing business cases (although this latter mechanism is part of the
wider Green Book guidance). The Natural Capital Committee (2013) provided a more specific focus on
the use of the natural capital approach in justifying investment decisions, which included a generic
framework with the steps required to develop a natural capital investment programme, as well as
specific case studies for marine and coastal natural capital. These demonstrated that a strong economic
case exists for creating saltmarsh to meet coastal defence objectives, and for restoring commercial fish

stocks.

3.4.2 Environmental impact assessment and sustainability appraisal
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Beyond the development of national policy, there are statutory requirements on specific programmes,
plans and projects to consider and address their potential impacts on the environment (and in some
cases more widely on society and the economy). In the UK, this is through three primary mechanisms:
Environmental Impact Assessment (EIA, at the project level), Strategic Environmental Assessment
(SEA, for larger-scale programmes or specific industrial sectors) and Sustainability Appraisal (SA, for
development plans such as Local Plans and also Marine Plans). These are required under UK law
(including the Environmental Assessment of Plans and Programmes Regulations 2004, Planning and
Compulsory Purchase Act 2004, and Environmental Assessment (Scotland) Act 2005), which often
developed in response to wider EU legislation (particularly the Strategic Environmental Assessment
Directive 2001/42/EC and the Environmental Impact Assessment Directive 2014/52/EU).

There is a substantial academic literature on using the ecosystem service approach in assessing
environmental impacts with reference to both EIA and SEA (e.g. Geneletti, 2016; Karjalainen et al.,
2013; Rozas-Vasquez et al., 2017), which is advocated not least because there is substantial implicit
consideration of ecosystem services in the way that EIAs are already carried out (Honrado et al., 2013).
Some high level guidance on how practitioners could incorporate ecosystem services into EIA and SEA
was also developed through the UK NEA (Scott et al., 2014), and more detailed guidance has been
produced by the Scottish Government (2016) for SEA and, outside the UK, the World Resource Institute
(2013) for EIA. Guidance developed within the EIA industry in the UK is beginning to use natural capital
language, although not yet to provide specific methodological detail (CIEEM, 2016).

Examples do exist of explicit attempts to integrate, to at least some degree, ecosystem services into
environmental assessment in coastal and marine contexts. The SEA for offshore energy in the UK
(DECC, 2016) makes passing reference to ecosystem services, while Portugal’s Integrated Coastal
Zone Management Plan went further and identified and compared policy options in terms of their risk
or benefit to certain ecosystem services (Partidario, 2010), However, there is no evidence of any
significant or systematic use of natural capital and ecosystem services approaches in practice for

coastal and marine EIA and SEA.

Sustainability Appraisal (SA) is a formal decision support mechanism with a specific function in land
use planning (including coastal and marine) in the UK. This restriction to the UK context perhaps
explains the limited academic literature on integrating natural capital. However, sustainability
assessment more broadly is considered particularly suitable for the integration of ecosystem service
approaches as both inherently consider the interaction between biophysical and socio-economic issues
(Geneletti et al., 2015). Published examples of attempts to apply a natural capital approach to SA in
practice in local and marine planning are broadly lacking, beyond occasional passing use of the
terminology. However, the North Devon and Torridge Local Plan (2014) is one example of a more
definite aspiration to embed ecosystem services concepts into the local planning framework, and the
SA for the Marine Plan for Northern Ireland (AECOM and ABPmer, 2018) contains a high-level

gualitative assessment (based on expert judgment) of changes in ecosystem services.
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4. Discussion

Comparative studies often demonstrate the high relative value of the marine and coastal environment
both globally (Costanza et al., 1997; de Groot et al. 2012) and at more local levels. In developing
protected area accounts, White et al. (2015a,b) showed that the monetary value per unit area of coastal
margins was almost three times that of the next most highly valued habitat type. However, most of the
available research, guidance, scoping and pilot studies have a clear bias towards the terrestrial
environment. The difficulties in developing natural capital asset registers or condition assessments
applicable across all ecosystems are exemplified by Scotland’s Natural Capital Asset Index (NCAI).
This does not include marine habitats at all, and those considered coastal are found above the spring
high tide level. During the scoping phase for the NCAI the possibilities of incorporating Scottish territorial
waters including estuaries were explored (Hambrey & Armstrong, 2010). However, marine habitats
were excluded from the published index, with the recommendation that a separate marine index should
be produced (Blaney & Fairley, 2012). A detailed feasibility study for a marine NCAI only took place in
2018 (Tillin et al., 2019) even though the wider NCAI has been published since 2011.

Boundaries for assessments and management

One issue for applying the natural capital approach in the marine environment is where the boundaries
of any assessment should be placed. On the seaward side, the limit of territorial waters (and thus of
national jurisdictions) has been proposed in both the UK and the Netherlands (eftec, 2015; Graveland
et al., 2017). However, these governance boundaries do not coincide with the ecosystem boundary
(eftec, 2015). UK waters, for example, include parts of, but do not encompass entirely, both the North
Sea and Celtic-Biscay large marine ecosystems. Thus effective management based on natural capital
and ecosystem services will require international cooperation and unified approaches. The aspiration
to “maintain and restore ecosystems and their services” is one of the six targets of the European Union’s
2020 Biodiversity Strategy (European Commission, 2011), which has been supported by significant
attempts to operationalise assessment and accounting frameworks (e.g. Maes et al., 2013, 2018;
Erhard et al., 2016; Weatherdon et al., 2017; Weatherdon, 2018). Although the UK is poised for exit
from the European Union, it is expected to maintain connection to regional approaches and
programmes through other agreements such as the Convention for the Protection of the Marine
Environment of the North-East Atlantic (OSPAR).

The location of any landward boundary between marine and coastal areas is also a point of contention.
eftec (2015) chose the mean high water mark as the point of differentiation between marine and coastal,
while ONS (2016) took a more ecologically-based approach and defined ‘coastal’ as the six coastal
margin habitats listed in the UK NEA (Jones et al., 2011; see Table 1). However, the UK NEA
classification is a hybrid of supralittoral (splash zone) and littoral (intertidal) habitats. Also, it includes
only two littoral habitats (coastal lagoons and saltmarsh), and the justification for why these were chosen
as the “main” coastal habitats (while most littoral habitats such as mudflats, other intertidal sediments
and rocky shores were excluded) is not clear. Basing natural capital assessment on a classification that

more closely follows a recognised hierarchy such as the European Nature Information System (EUNIS),
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would provide a more robust and systematic basis for the categorisation of what constitutes ‘marine’

and ‘coastal’.

In the UK context, a pragmatic approach would be to designate all supralittoral and littoral habitats as
‘coastal’, and to include these with terrestrial assessments. The Land Cover Map (CEH, 2017) and
Countryside Survey (Maskell et al., 2008) both include supralittoral and littoral rock, sediment and
vegetated habitats and so these are already mapped and assessed in the same way as terrestrial
habitats. Fully submerged habitats lack this systematic, repeated assessment at the national level.
However, littoral habitats are also an integral component of the marine environment. Therefore, the
extent and condition of intertidal assets would have to take account of the tidal state (to ensure the full
extent of the intertidal was appropriately mapped) and be expanded to reflect the role of the intertidal
zone in supporting marine services (such as how saltmarsh serves as a nursery habitat for commercial

fish species).

Habitats as Service Providing Units

The classifications of coastal and marine habitats that have been developed across different natural
capital applications to date are generally very coarse, but such broad habitat types are an inadequate
representation of natural capital (Mace et al., 2015). One limitation is that broad classifications do not
consider different sediment types, and key functional groups of organisms are not represented. For
example, mud and sand habitats support different ecosystem services, and subtidal sediments with
biogenic habitats such as oyster, worm or mussel reefs function very differently to those without (Potts
et al., 2014). The disaggregation of vegetated habitats from broader sedimentary habitats is a step
forward (although often only saltmarsh is differentiated, as in, for example, the UK NEA, 2011).

There is a limit to the number of distinct habitats that can be feasibly and cost-effectively considered
within natural capital assessments and reporting, although this will vary with the scale and purpose of
the assessment. However, vegetated habitats and biogenic reefs (intertidal and subtidal) are essential
habitats that should be included as distinct categories given the elevated ecosystem services they tend
to provide (Potts et al., 2014). In the development of frameworks, efforts by EU agencies have tended
to be focused towards the more ecological components of natural capital, while the UK has had a
stronger focus on the monetary component. The habitat classification in the EU MAES programme
(Maes et al., 2013) is the most systematic in its selection of the broad habitat categories, and it does
include biogenic reefs, although it lacks explicit disaggregation of vegetated habitats. MAES is also
unique in considering pelagic habitats alongside benthic, with different salinities differentiated, as well
as different marine zones (e.g. coastal, shelf and oceanic). This is fundamental to an adequate habitat
classification framework; it begins to acknowledge the role of the water column in the supply and

distribution of services.
The use of defined, discrete, spatially-bound habitats as SPUs illustrates the way in which the natural

capital approach has developed primarily from land cover assessment in the terrestrial environment

and it does not recognise certain key aspects of marine systems. In particular, large numbers of species
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(from plankton to whales) move horizontally and vertically through the water column on different spatial
and temporal scales and may use different habitats (benthic and pelagic) for different phases of their
lifecycle. Also, not all environmental change manifests in relation to changes in spatial extent, not least
because the spatial area of many marine habitats (aside from biogenic or vegetated habitat types)
generally does not vary greatly. Temporal factors are also important. Phytoplankton, for example, have
a seasonal succession of blooms, which historically have been matched to seasonal succession of
higher species that could consume them, including larval fish of commercial importance and small fish
important for seabirds. Climate change is affecting the timing of blooms, which is reducing the
productivity and survival of some fish and bird species in UK waters (Edwards and Richardson, 2004).
These issues may be particularly apparent as challenges for the marine environment, but they are
relevant to terrestrial systems, which also support migratory species (particularly birds) and face issues

of how phenology might be affected by climate change.

As yet, however, the natural capital approach does not adequately account for these factors, and
determining mechanisms by which it can do so is an important area for further research. At its simplest,
this would require that extent and condition assessment is extended to populations of key species
(including plankton, fish, marine megafauna and seabirds). Recent definitions are explicit in their
inclusion of “natural functions and processes” as a fundamental component of natural capital (Natural
Capital Committee, 2017). This needs to be put into practice to ensure that the natural capital approach
to habitat assessment takes account of the roles played in supporting mobile species, particularly at
key life cycle stages. Future research should therefore consider what is already known about
populations of mobile species (fisheries management, for example, already includes the regular
monitoring, mapping and modelling of mobile stocks) and also how ecosystem approaches such as
essential fish habitat (e.g. Rosenberg et al., 2000) can be brought into the natural capital approach.
Culhane et al. (2018) have recently begun to address the issue of the interaction of mobile species and
the benthos by proposing SPUs that consider how biotic groups and habitats combine in the provision
of ecosystem services. Wider approaches to three dimensional mapping of marine ecosystems,
although not in the specific context of natural capital, are also being explored such as the ecological

marine units approach of Sayre et al. (2017).

Moving from aspirations to widespread adoption

At present, the natural capital approach is supported by aspirations contained within policy documents
but its use is rarely mandated in any decision-making process. This lack of obligation is likely to affect
uptake of the approach in practice. The most significant progress has been made in creating natural
capital accounts, reflecting, in the UK, the specific commitment made in the Natural Environment White
Paper (HM Government, 2011) and the subsequent focussed efforts by UK government agencies
(through the Office for National Statistics and the Department for the Environment Food and Rural
Affairs) to develop practical methodologies. The Scottish Government has similarly adopted “Increase

natural capital” as one of 55 National Indicators which document progress towards achieving the
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Scottish Government’s ambition and priority outcomes (Scottish Government, 2018), thus enshrining

their Natural Capital Asset Index (in at least some form) as an assessment mechanism.

Such explicit commitments have not been made in regard to other mechanisms through which the
natural capital approach could be implemented, perhaps explaining why these options for the approach
have not been taken up. The procedures for Environmental Impact Assessment (EIA) are heavily
regulated, but these regulations do not make reference to natural capital despite recent attempts to
begin to include the language. During revision of the European Union’s EIA Directive 2011/92/EU, the
text for proposed amendments explicitly included the requirement that the effects of a project on
ecosystem services were assessed (European Commission, 2012), but this was not taken forward in
the final amendments adopted for the revised Directive 2014/52/EU. In other sectors, attempts have
been made to ensure that a natural capital approach becomes mandatory. Since 2012, recipients of
funding from the International Finance Corporation (part of the World Bank Group and focussing
exclusively on the private sector in developing countries) have been required to “preserve the benefits
from ecosystem services” and thus integrate ecosystem services into project impact assessments
(World Resources Institute, 2013).

Data gaps and limitations on using existing approaches in the marine environment

The lack of marine examples does not mean that frameworks and proposed methods are not fit for
purpose. However, it does mean that it is not possible to evaluate them comprehensively in the marine
context. The development of monetary natural capital accounts has provided the greatest number of
marine and coastal examples. Certain habitats and services (fisheries, carbon sequestration,
recreation, saltmarsh, sea defence, and, in the global context, seagrass and coral reefs) have featured
most frequently in scoping studies and pilot accounts to date (e.g. eftec, 2015; ONS, 2016; White et al.,
2015a,b; Weatherdon et al., 2017; ABS, 2017). This is presumably because they are the most
straightforward (due to the greater availability of supporting research), potentially of particular policy
significance, and most amenable to the direct transfer of terrestrial approaches, as well as because
condition indicators are already available that can be re-purposed easily for natural capital assessment.
There is a pressing need to explore how other services (including regulating services such as
bioremediation of waste and the less tangible elements of cultural services including heritage and
indirect interactions) as well as marine, rather than coastal, components could be incorporated for
different policy contexts and scales. Using methods not related to habitat extent are likely to be required
for this, and it could be misleading solely to estimate the value of relatively trivial services simply
because they have the best data and ignore more important services where valuation is more
challenging (eftec, 2015). The availability of empirical valuation data is often driven by existing markets
and powerful economic interests, and so a better understanding of the links between ecosystem
services and human wellbeing (including through the expansion of social assessments) is required to
ensure that sufficient valuation data is available to support management recommendations (Hicks,
2011).
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The availability of data is a key challenge, particularly in the marine environment, as was highlighted
across studies that have scoped different elements of the natural capital approach. The lack of annual
data was highlighted as the main weakness for marine indicators in Scotland’s NCAIl (Hambrey &
Armstrong, 2010). Inconsistent data collection across most marine species groups was a similar issue
for the development of a risk register (Mace et al., 2015), and carbon sequestration from marine
ecosystems including intertidal areas was not included in the UK national carbon accounts due to data
constraints (ONS, 2016). Four marine ecosystem types were proposed in the MAES typology (namely
marine inlets and transitional waters, coastal, shelf, and open ocean) but, during pilot studies to test the
approach, these were aggregated into a single, high-level ‘marine’ assessment due to a lack of data
(Erhard et al., 2016). Only two (of seven) terrestrial categories were similarly combined. At a more local
level, the issue of data availability was raised repeatedly within pilot marine natural capital accounts
and scoping studies. Flood protection and erosion control were considered difficult to account for due
to context specificity (eftec, 2015; RSPB, 2017; White et al., 2015b). More generally for the marine
environment, the absence of spatial and/or time series data, as well as the lack of understanding of the
links between extent, condition and the value of benefits was noted (eftec, 2015; ONS, 2016;
Weatherdon, 2018; Weatherdon et al., 2017).

Even more fundamentally, there is a lack of confidence in the baseline data that can inform on the
extent of natural capital assets; outside of designated sites the only available data are often modelled
predictions, or stock assessment surveys designed to provide data on commercial fish (Rees et al.,
2018). In the UK marine area, for example, high quality habitat maps from surveys are only available
for 6% of the seabed (McBreen et al., 2010), illustrating the heavy reliance on modelled maps. The
modelled habitat maps across European seas use physical and oceanographic parameters to predict
likely habitat types (Populus et al., 2017) and are thus particularly limited for condition assessment.
Furthermore, the condition of many marine ecosystems is unknown, and where information does exist
it may not be sufficiently geo-referenced to allow mapping (Erhard et al., 2016). This considerable
information gap between spatial assessments of marine and terrestrial ecosystem services is widely
acknowledged (Liquete et al., 2013). The situation is better within marine protected areas where
detailed data are more likely to be available as the extent of features has previously been surveyed and
condition assessments are undertaken periodically (but rarely annually) for designated habitats and
species features (Rees et al., 2018).

It is impractical to suggest significant new research programmes to map and monitor changes in natural
capital and ecosystem services at the national level, much as these would be desirable, as the

investment that would be required to do so with adequate confidence and regularity is likely to be
prohibitive. Alternative approaches are therefore needed, including understanding how the data
collected under existing programmes can be used to support natural capital assessment. The possibility
of integrating key indicators used for existing policy purposes, such as the Habitats, Birds, Water
Framework and Marine Strategy Framework Directives, into ecosystem service monitoring has been
piloted (Erhard et al., 2016; Maes et al., 2018). The MSFD ‘Good Environmental Status’ requirements
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were also suggested as a starting point for the development of extent and condition indicators in natural

capital accounts (Graveland et al., 2017; Weatherdon, 2018).

In the absence of direct extent and condition data, the use of proxies, particularly pressure indicators
such as abrasion caused by fishing, is a possible alternative solution (eftec, 2015; Weatherdon, 2018),
which has considerable potential when combined with sensitivity information. Levels of protection or
vulnerability (e.g. European Red List designation) have also been suggested as possible proxies
(Weatherdon et al., 2017; Weatherdon, 2018). Models have been proposed as a means to fill certain
evidence gaps (eftec, 2015; European Commission & European Environment Agency, 2016;
Weatherdon et al., 2017), although the accuracy of process-based models has been questioned (eftec,
2015). Modelling was not considered a fully adequate replacement for in situ data and hence of limited
application in long-term accounts (Weatherdon et al., 2017). The role of remote sensing was also
identified (European Commission & European Environment Agency, 2016). Remote sensing has the
potential to provide cost effective information on key pelagic indicators such as primary productivity,
sea surface temperature, and occurrence of harmful algal blooms, and also to monitor the quality and
quantity of coastal and intertidal habitats. Its use in monitoring sublittoral benthic habitats remains

limited.

In addition to the evidence gaps related to ecological data, the lack of monetary values for many marine
goods and services has been highlighted as a challenge that inhibits the use of ecosystem service
values to support policy decisions, for example in the context of marine planning (Borger et al. 2014).
The Impact Assessment for Marine Conservation Zones (MCZs; Defra, 2017) included monetary values
of certain benefits for “illustrative purposes” but for reasons of uncertainty, values for the benefits were
not presented in the overarching summary and were not compared with costs of designation. Thus, in

the headline figure of the Impact Assessment, MCZ designation has a negative value overall.

The level of evidence required depends on the decision context: simply raising awareness may be
sufficient without needing monetary valuation, and high level information can be enough for developing
national policy. However, evidence requirements become more stringent when specific decisions are
made (such as in restricting certain activities) as these may be open to legal challenges. Scenarios of
different risks and model outputs have a role as tools to support decision making but policy makers and

managers need to be clear about what evidence is required and how much uncertainty is acceptable.

Institutional inertia and poor practice

An advantage of the natural capital approach is that it provides a holistic process that can employ broad
information in making the case for a policy intervention. However, its application in practice may face
obstacles, not all of which stem from the approach itself. The UK NEA Follow-On phase noted the
critical role of policy appraisal in incorporating ecosystem knowledge in the policy process (Russel et
al., 2014). It also highlighted that there are significant barriers to embedding an ecosystem services

framework within appraisal at all scales from practitioner behaviour, institutional culture and practice, to
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the wider social and political context (Russel et al., 2014). There is also often a disconnect between
those managing and using ecosystem services and those managing the underlying natural capital that
ensures their delivery. The partitioning of fisheries from wider marine environmental management is a

prime example of this.

Regardless of whether it is applied in a natural capital context, regulatory Impact Assessment should
incorporate economic, environmental and social information, and guidance exists on how to take
appropriate account of non-monetary factors (e.g. HM Treasury, 2018). Thus, the lack of robust
guantified evidence for marine natural capital, and particularly the absence of a full suite of monetary
values, should have only limited implications. However, half of 249 Impact Assessments fitting
sustainable development criteria ignored or undertook inadequate treatment of social and
environmental impacts, while only 16% were judged to have treated economic information with similarly
low rigour (Tinch et al., 2014). Practitioners themselves agreed that environmental and social impacts
that are not monetised are underweighted or overlooked in appraisal (Tinch et al., 2014). A cultural shift
is therefore required to ensure that non-monetary values and qualitative information is appropriately
incorporated, which could be supported by stronger guidance, as has already been recommended by
the National Audit Office (2011). Appraisal is often led by economists, and improved interdisciplinary
working also has the potential to allow for better integration of non-monetary information (Spackman,
2013).

Application in the global context

This review has focused on the UK, as the current policy landscape makes for a particularly timely case
study. However, progress (directly and indirectly) on developing the natural capital approach for marine
ecosystems is taking place globally, including through efforts to classify and map seabed habitats and
to increase the availability of this data, such as in Australia (CBIiCS, 2019; Lucieer et al., 2017), South
Africa (South African National Biodiversity Institute, 2011), and the United States (NOAA, undated). The
National Classification Systems for Ecosystem Services (NCSES) has also been developed in the
United States, which incorporates the demand side and links more closely to national classifications of
industrial activity, and is intended particularly to support policy impact analyses including cost-benefit
analysis of environmental regulations, and accounting systems (United States Environmental Protection
Agency, 2015).

In addition to the examples of specific developments in natural capital accounts already described in
Section 3.3, a workshop on developing an accounting system for marine ecosystems at the EU level
concluded that the SEEA-EEA process, with some modification, could be applied to marine systems,
and that pilot accounts and case studies should be developed to move forward with the approach
(Petersen, 2017). The workshop further highlighted the challenges presented by the three dimensional

nature of the marine environment and the mobility of species, as well as the need for investment in data
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collection to allow more detailed and convincing marine ecosystem accounts to be developed
(Petersen, 2017).

A workshop on developing ocean accounts for Asia and the Pacific region was also held in late 2018,
which was convened in the context of implementation of the UN Sustainable Development Goal (SDG)
14 on the conservation and sustainable use of the oceans and marine resources. The role of natural
capital accounts in strategies for SDG14 has been proposed elsewhere (Ruijs et al., 2018), with
possibilities for the approach in underpinning actions on SDGs more widely also proposed (Costanza
et al., 2016; Wood et al., 2018). The intersection of the natural capital and sustainable development
concepts is further explored within the first World Ocean Assessment (or Global Integrated Marine
Assessment; United Nations Division for Ocean Affairs and the Law of the Sea, 2016). The framing of
this assessment shares much with the natural capital approach, including the desire to (a) Demonstrate
the importance of oceans to human life and as a component of the planet; and (b) Integrate, analyse
and assess environmental, social and economic aspects of all oceans components and interactions
among all sectors of human activity affecting them; as well as to promote well-designed assessment

processes, and support better decision-making in policy and management.

The World Ocean Assessment (from 2016) advocates an ecosystem services approach, but considers
biodiversity and habitats, and also human activities separately from this. Future revisions would perhaps
benefit from integrated application of the wider natural capital approach, to provide a more holistic
framework for the complete assessment. The outline for the second assessment calls for descriptions
of changes related to concepts of natural capital, in the context of social and economic implications, to
be included within each chapter of the assessment (United Nations, 2018). However, there is greater
scope for other elements of the natural capital approach to be applied, using, for example, asset and

risk registers in reporting the status and trends of marine assets.

Other international programmes dedicated to natural capital and ecosystem service assessment have
also increased activity in developing frameworks and protocols specifically for the marine environment.
The Economics of Ecosystems and Biodiversity (TEEB) has had an ongoing Oceans and Coasts study
for some years (TEEB, 2013), although this does not appear to have produced recent outputs.
Information on coastal and marine areas is included within regional assessments prepared by the
Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (e.g. IPBES, 2018),
which has also stated its intention to conduct an assessment of the Open Ocean areas beyond national
jurisdictions (IPBES, 2015). At a smaller scale, the Natural Capital Coalition has also begun work on a
Natural Capital Protocol for the Oceans to help businesses improve economic opportunities, mitigate

risks and reduce negative impacts (Natural Capital Coalition, 2018).
These initiatives all have their own objectives, methods, and audiences, and there remains scope to

improve linkages between different international programmes, and the individual projects occurring at

regional, national and local scales. This would provide the opportunity to better understand how these
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different programmes connect to each other and to develop a framework and best practice that can be

applied universally to facilitate nested approaches and compare individual studies.

5. Conclusions

Application of the natural capital approach requires a range of methods and procedures, which as yet
have not been fully tested in the context of decision making for the marine environment, even for natural
capital accounts on which most attention has been focused. Greater effort to develop methodologies is
therefore required, which should be interdisciplinary and cross-sectoral, coherent across policy areas,

and applicable in a range of contexts.

There are substantial challenges in applying the natural capital approach: data for the marine
environment are inconsistent, there are significant gaps in understanding how habitats and species
support the delivery of ecosystem services, and knowledge of the location and extent of habitats across
most of the marine area is highly uncertain. A system of natural capital assessment based on the quality
and quantity of marine benthic habitats (i.e. following terrestrial land cover strategies) is therefore
unworkable in practice at the national level. Alternative methods that use proxies for quality information
(based on, for example, known pressures and habitat sensitivity) as well as the opportunities for remote
sensing should be explored further. A natural capital approach that more closely follows existing
terrestrial strategies in making more direct assessment of the extent and condition of marine benthic

habitats has greater potential at smaller spatial scales, such as for an individual protected area.

More generally, it is essential that the service providing units that constitute the foundation of natural
capital assessment are selected appropriately. Here again, the terrestrial land cover approach as
currently adapted for the marine environment is inadequate. Benthic habitat classifications should be
further disaggregated to ensure vegetated habitats and biogenic reefs are adequately assessed. Most
importantly, natural capital classifications must include the pelagic environment and must also
encompass the interconnections between spatially disparate components, and the dynamic nature of
the system, for example the spatial mobility of many species as well as temporal factors. This is a major
omission from, and also a real challenge for, frameworks for marine natural capital. Future research
should therefore evaluate the mechanisms for monitoring, mapping and modelling populations of
pelagic species as well as how existing whole system approaches (including concepts such as essential

fish habitat) can be recognised explicitly within the natural capital approach.

Finally, when the adoption of a natural capital approach has been promoted, there has been a tendency
to focus on the aspect of monetisation. For the approach to be applied effectively, impacts on the quality
and quantity of natural capital assets and on non-monetary values need to be given the same level of
attention as impacts on monetary value. The real strength of the natural capital approach is in its
potential for implementation as a coherent whole, not through the isolated application of individual

elements of it. There is, therefore, a need for convergence around frameworks and methods for applying
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the natural capital approach in practice that ensures coherence between different assessments and
across different scales. This could include, for example, adopting asset and risk registers as the
baseline for environmental impact assessment at strategic and project scales, and choosing ecological

indicators that can be applied in accounting contexts.
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