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Abstract

Ecosystem markets are proliferating around the world in response to increasing demand for
climate change mitigation and provision of other public goods. However, this may lead to
perverse outcomes, for example where public funding crowds out private investment or dif-
ferent schemes create trade-offs between the ecosystem services they each target. The
integration of ecosystem markets could address some of these issues but to date there
have been few attempts to do this, and there is limited understanding of either the opportuni-
ties or barriers to such integration. This paper reports on a comparative analysis of eleven
ecosystem markets in operation or close to market in Europe, based on qualitative analysis
of 25 interviews, scheme documentation and two focus groups. Our results indicate three
distinct types of markets operating from the regional to national scale, with different modes
of operation, funding and outcomes: regional ecosystem markets, national carbon markets
and green finance. The typology provides new insights into the operation of ecosystem mar-
kets in practice, which may challenge traditionally held notions of Payment for Ecosystem
Services. Regional ecosystem markets, in particular, represent a departure from traditional
models, by using a risk-based funding model and aggregating both supply and demand to
overcome issues of free-riding, ecosystem service trade-offs and land manager engage-
ment. Central to all types of market were trusted intermediaries, brokers and platforms to
aggregate supply and demand, build trust and lower transaction costs. The paper outlines
six options for blending public and private funding for the provision of ecosystem services
and proposes a framework for integrating national carbon markets and green finance with
regional ecosystem markets. Such integration may significantly increase funding for
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regenerative agriculture and conservation across multiple habitats and services, whilst
addressing issues of additionality and ecosystem service trade-offs between multiple
schemes.

1 Introduction

Worldwide, benefits from nature to society have been estimated to be worth more than the
global gross domestic product [1]. When ecosystems become degraded, the cost of restoration
can be prohibitive, and businesses and communities who rely most directly on these services
are typically the first to suffer the consequences [2]. Neoclassical economics suggests that if
property rights are clear and well defined (and if transaction costs are not too high), a social
optimum can be attained via bargaining amongst ecosystem service providers and beneficia-
ries [3]. This sets the basis for the market to theoretically protect and sustain those services [4,
5]. While this may work for some provisioning services over short time-horizons (e.g. food
and fibre), markets often fail to reward those responsible for providing service (e.g. upstream
farmers or forest managers whose work benefits those downstream) when benefits are hard to
attribute a financial value to (e.g. mental health or spiritual benefits from nature) or when ben-
efits mainly accrue to others in society (e.g. downstream flood protection) over longer time-
horizons (e.g. climate change mitigation). As a result, many resource management decisions
generate short-term private benefits to the owner or manager at the expense of longer-term
public benefits, often leading to negative externalities (e.g. pollution or flooding).

In response to this, governments commonly pay resource managers to adopt more sustain-
able practices and carry out other work that can protect or enhance public benefits from
nature. Businesses may also pay for these public benefits for a variety of reasons, including the
need to mitigate risks to their business (e.g. from climate change), reduce costs (e.g. by deliver-
ing cleaner water), secure social licence to operate or contribute towards corporate sustainabil-
ity goals [1, 6-8]. This is increasingly being done via Payment for Ecosystem Service (PES)
schemes, which offer monetary incentives to individuals or orgnanisations to adopt or alter
behaviours, beyond what is legally mandated, to improve the provision of ecosystem services
that would otherwise have been economically unviable to provide [9-12].

However, there are a number practical challenges to the development and operation of PES
schemes [13, 14]. Challenges that may deter buyers (such as food processors and water compa-
nies) and investors in ecosystem services (such as insurance companies and impact investors)
include: the complexity of demonstrating the additionality and permanence of benefits (i.e.
proving that they would not have happenned without investment and the benefits will be long-
term), costs of monitoring and verifying benefits, coordination between investors to avoid
non-paying beneficiaries piggybacking on investments (i.e. benefiting from the investment of
competitors without contributing themselves) or benefits for one investor cancelling out bene-
fits for others (for example, tree planting creating habitat for predators of a species being pro-
tected by a neighbouring scheme) [15-19].

There are also many potential barriers discouraging resource managers (for example, land-
owners, tenants and other businesses managing natural resources; the typical ‘suppliers’ whose
actions shape ecosystem service delivery) from engaging in schemes. These include: poorly
defined property rights, perceived (and real) risks of entering long-term contracts (including
unknown impacts that managing for ecosystem services would have on land value), lack of
clarity as to their eligibility for funding from public schemes after entering a privately funded
(by private enterprise or investment) scheme, as well as more straightforward capacity issues
relating to how they would implement and manage such schemes [3, 13, 20-24].
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There is also potential for private ecosystem markets to compete with publicly funded agri-
environment schemes, which are becoming increasingly PES-like in their design. For example,
the latest Rural Development Programmes under the EU’s Common Agricultural Policy pay
more for environmental outcomes than ever before [25, 26] and post-Brexit agricultural poli-
cies in the UK are increasingly focusing on “public money for public goods” [27]. Even if pub-
licly funded schemes pay lower amounts over shorter time-horizons than privately funded
schemes, they may still displace private funding if they are perceived to be simpler or more
familiar, and hence lower risk to resource managers [23].

The integration of different private ecosystem markets could address some of these issues
by actively managing synergies and trade-offs. However, to date there have been few attempts
to do this, and there is limited understanding of either the opportunities or barriers to integra-
tion of private markets. There is also limited analysis of interactions between public and pri-
vate schemes, or how these might be better “blended”. While much has been written about
international voluntary and compliance carbon markets in recent years [28-30], much less is
known about the national and sub-national ecosystem markets that have proliferated in recent
years, and how they operate or interact with each other.

This paper therefore uses a comparative analysis of existing private ecosystem markets in
operation or close to market at national and sub-national scales in the UK and elsewhere in
Europe, to explore governance issues associated with integrating different types of ecosystem
markets. Specifically, it aims to:

« Develop a typology of ecosystem markets by comparing ecosystem markets currently in
operation or close to market in the UK, Germany, Switzerland and the Netherlands;

 Question some of the operating assumptions of ecosystem markets and offer insights that
could enable the cost-effective operation of schemes that minimise trade-offs and integrate
benefits across a wide range of land uses at landscape scales; and

o Propose an approach that could be used to integrate multiple ecosystem markets, operating
over multiple land uses and habitats, including the integration of private markets and the
blending of public and private schemes designed to deliver public goods.

The analysis includes all known private schemes operating or close to market in the UK,
where the development of ecosystem markets has been a policy priority since the launch of the
Woodland Carbon Code in 2011 and the 2011 Natural Environment White Paper (which
included a Payment for Ecosystem Service Action Plan [31]). It also includes all known pri-
vately funded schemes targeting peatland restoration in Europe, where innovative funding
mechanisms have proliferated in recent years, providing insights into the operation of ecosys-
tem markets internationally for this important habitat.

2 Background

There is a well-known and significant gap between the public funding currently available and
the funds that are needed to address the twin challenges of climate change and biodiversity
decline [32]. In the UK alone, it has been estimated that it will cost £1.8M to meet Achai biodi-
versity targets [33], and the cost of reaching net zero GHG emissions by 2050 has been esti-
mated at between £50-70 billion [33]. However, there are significant challenges in delivering
emission reductions in the land use sector, where it is estimated that it may cost £247 million
to deliver net zero targets from peatlands, woodland and agriculture [34, 35]. This gap is likely
to increase as Governments around the world respond to the economic impacts of the COVID
pandemic of 2019-20. In the UK land use sector, this is compounded by post-Brexit
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agricultural policies, which will lead to an overall reduction in public funding for the sector by
2027 as support moves away from direct payments. The upfront costs of many nature-based
solutions are prohibitive for owners and managers in the land use and marine sector, and it
can be many years before monetizable benefits accrue, further exacerbating the funding gap.

At the same time, members of the UK Investment Association managed £8.5 trillion in
2020 [36] and the global bond market was worth $21 trillion in 2019 [37]. Within this commu-
nity is a small but growing group of impact investors who are willing to accept lower than mar-
ket-rate returns on investment and higher levels of risk [38]. There is also growing recognition
in the corporate sector of increasing risks to business from the environment, with climate risks
now commonly featuring on company risk registers. Although only 13 percent of US company
directors ranked climate change as one of their top five risks for 2020 [39], risk assessments
over longer time horizons identify multiple risks from climate change, notably risks from
extreme weather to infrastructure and supply chains, and “transition risk” as regulation and
consumer preferences shift towards a low carbon economy, amplifying other more traditional
risks e.g. being left behind by low carbon technology accelerations and resource scarcity [40].

As aresult, demand from the corporate sector is now growing rapidly for ecosystem mar-
kets, and there has been a recent proliferation of new schemes and markets, a number of
which we review in this paper. These markets are being stimulated by Government investment,
with the goal of using public funding to leverage private investment in natural capital. For
example, in the UK, a Natural Environment Investment Readiness Fund was launched in 2021
to support the development of projects that can generate revenue from ecosystem services and
attract repayable investment. The three-year £10 million programme is providing grants
which project developers can use to build capacity and consortia to develop projects to an
investible level [41]. The UK will issue its first green government bond in 2021, setting an
example to other governments on issuing green bonds in the year that the UK hosts the 26
Conference of the Parties to the UN Framework Convention on Climate Change. The UK fol-
lows the example of Poland’s sovereign green bond (in 2016) and Germany’s inaugural green
Bund (in 2020).

3 Methods

We conducted a comparative analysis of: 1) all known private ecosystem markets operating (or
near to market) across dairy, arable, forestry and peatland systems in the UK (Table 1); and 2)
all four private peatland ecosystem markets known to be operating in Europe (Table 1). For
the purposes of our sample, we defined ecosystem markets as full developed platforms that
could facilitate ongoing exchanges between multiple private buyers and sellers of ecosystem
services in the UK and in European peatlands. As long as the scheme was designed primarily
to facilitate private investment (and this was required in additionality criteria), schemes that
also leveraged public investment were included in the sample. Schemes could facilitate invest-
ment directly through the purchase of ecosystem services or indirectly by providing credit sup-
ply and risk management, as long as the goal of the financial mechanism was to facilitate
investment in ecosystem services. Schemes that were deemed out of scope included non-UK
schemes (including international voluntary carbon markets), publicly funded schemes that did
not require private finance as part of their operation, schemes at concept or early development
stages, and single transaction bilateral arrangements that were not part of a longer-term
scheme sourcing multiple projects for multiple buyers or investors. For this reason, voluntary
and compliance carbon markets were not included in the analysis. Research was conducted in
four phases, as shown in Fig 1. Ethical approval was sought and granted from Newcastle Uni-
versity Ethics Committee in May 2018. Informed consent was gained from all participants,
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Comparative Comparative
analysis of UK analysis of
PHASE schemes operating European schemes
across different operating in
agro-ecosystems peatlands

Literature review

SCOPING Interviews with Focus group
experts

Semi-structured
interviews

DATA COLLECTION

Document review

ANALYSIS Qualitative thematic
analysis of interview
data
TRIANGULATION Focus group to Review of initial
discuss initial findings findings by
interviewees

Fig 1. Research design showing different phases of the research showing where identical methods were used (centre)
or where different methods were used in each phase for the UK comparison of PES schemes across different agro-
ecosystems (left) and the comparison of peatland schemes across Europe (right).

https://doi.org/10.1371/journal.pone.0258334.9001

documented via signed consent forms with accompanying participant information sheets. For
more detailed methods, see Gosal et al. [42] and Olesen et al. [43].

3.1 Phase 1: Scoping

A narrative literature review was conducted to identify all private ecosystem markets currently
operating or near to market in the UK (in any agro-ecosystem) and all private ecosystem mar-
kets operating in peatlands in Europe. Unlike systematic reviews or meta-analyses, a narrative
literature review is an expert-based “best-evidence synthesis” of key literature [44], which is
better suited to reviews that aim to provide a broad overview via expert synthesis, where it is
difficult to identify specific outcome measures [45]. This literature also served to identify inter-
view topics and questions for Phase 2. To ensure all relevant schemes were identified (includ-
ing those close to market, which were not in the public domain) and refine the parameters of
the analysis, scoping interviews were conducted for the UK comparative analysis and the two
case studies, and a focus group was conducted with seven participants (including researchers,
consultants and EU policy stakeholders) for the European comparative analysis of peatland
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schemes. During this phase, a number of new schemes were identified for analysis or removed
from the study, on the basis of the inclusion and exclusion criteria in the previous paragraph.

3.2 Phase 2: Data collection

Data was collected in 2020 via a review of documentation for each scheme and semi-structured
interviews with scheme representatives and intermediaries, which covered governance and
legal matters, economics and funding and the operation of each scheme. For the UK, 12 inter-
views were conducted with representatives the eleven markets: the Woodland Carbon Code
(WCC), Landscape Enterprise Networks (LENs), Habitat Banking (HB), the proposed Natural
Infrastructure Scheme (NIS), Nature-Climate Bond (NCB), Natural Capital Pioneer Fund
(NCPF), Habitat Banking (HB) and the Blue Impact Fund (BIF). For the European peatland
market analysis, a further 13 interviews were conducted with representatives of four private
peatland ecosystem markets (the PCC in the UK, MoorFutures (MF) in Germany, max.moor
(MM) in Switzerland and the Dutch Green Deal (GDNL).

3.3 Phase 3: Analysis

Qualitative data from interview and focus group discussions were analysed thematically
alongside documentation from each scheme. Interviews were recorded, transcribed

and anonymised in line with ethical approval from the Newcastle University. The thematic
analysis approach outlined by Braun and Clarke [46] was used to undertake in-depth analysis
of the interview and focus group transcripts in three stages: initial coding of ideas, views and
concepts into minor themes; review and refinement of minor themes to identify major themes;
evaluation of themes in relation to the objectives of the study to draw in relevant insights to
the comparative analysis [47]. Theoretical saturation was considered to be achieved when no
new themes were identified from transcripts.

3.4 Phase 4: Triangulation

Finally, preliminary findings from interviews and review of scheme documentation were trian-
gulated via individual written feedback from interviewees (with those providing extensive
inputs offered co-authorship), with the addition of a focus group for the UK schemes. In the
focus group, findings from the interview phase were presented to participants for discussion in
plenary, before breaking into two parallel groups to discuss options for integration between
the three main private schemes in operation in the UK, and between public and private
schemes. The focus group was attended by 12 participants including researchers, consultants,
businesses, the third sector, an intermediary/broker and policy stakeholders from regulatory
bodies and Government departments in Scotland and England.

4 Results

Table 1 describes and then compares each of the schemes reviewed in terms of their approach
to: validation and verification of outcomes; additionality and leakage; permanence; supply and
demand issues; interaction with public funding; and scheme governance. These are discussed
further in the Supplementary Material, Gosal et al. [42] and Olesen et al. [43].

The comparative analysis identified a number of points of commonality between the
schemes that were reviewed (see S1 File and Table 1 for more details). In summary, common
characteristics and challenges across all schemes are:

« Participation in all schemes was voluntary for both buyers and sellers. Clearing prices were
reached between buyers and sellers occurred in a minority of schemes, mainly regional
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ecosystem markets. For the majority, prices were primarily determined by project costs,
which were highly variable both within and between schemes. None based their prices on
the price per tonne on the voluntary carbon market, which would typically have been too
low to cover project costs. One of the ways that the four peatland schemes justified higher
prices (compared to international carbon market prices) was by highlighting additional non-
carbon benefits such as water quality benefits of restoration or biodiversity (more on bun-
dling versus stacking of multiple services below). The marketing of co-benefits was common
across all the schemes reviewed, but verification and quantification of co-benefits were lim-
ited in nearly all schemes (MF being the exception).

Most schemes used intermediaries to engage with project developers (e.g. landowners and
tenants), or the scheme itself performed this function (e.g. BIF) and LENs used supply aggre-
gators to aggregate sufficient density of supply within a single landscape. However, engage-
ment with suppliers (typically landowners and managers) was a challenge for many schemes.
In contrast, BIF had created a £90M project portfolio prior to entering its investment phase
and did not foresee issues meeting demand from investors.

On the demand side, sensitivities around the willingness of businesses to share financial data
were identified as a challenge to the establishment of co-procurement arrangements between
buyers in schemes where this was possible. As well as this, additionality was an issue for buy-
ers in some schemes where businesses were reluctant to pay for interventions that landown-
ers/tenants should already be doing to comply with regulation and/or that could be paid for
by public finance.

Across the schemes, consideration of the wider social distribution of ecosystem services was
limited, although there was recognition of its importance for buyers with Corporate Social
Responsibility goals.

Permanence was addressed primarily via contractual arrangements in the schemes reviewed,
although Conservation Burdens (Scotland) and Covenants (England and Wales) were some-
times proposed by schemes as potential future options to provide additional assurances to
buyers in some UK schemes, and BIF provided follow-on funding opportunities to enhance
permanence.

In addition to these common characteristics and challenges, the comparative analysis iden-

tified a number of important differences between the schemes that were reviewed (see S1 File
and Table 1), for example:

The four peatland schemes and WCC tended to validate and verify outcomes using site visits
by independent certification bodies, HB was developing a third-party accreditation system
and BIF accredited projects to relevant industry standards. However, validation mechanisms
had not yet been developed for NCB and NCPF, and LENs and NIS provided validation in
the form of evidence that interventions had been carried out, without requiring independent
verification of ecosystem service outcomes.

Additionality was only assessed formally by the four peatland schemes, WCC and HB, typi-
cally via legal (e.g. projects go beyond what would be required by law), financial (e.g. projects
would not be possible without carbon finance) and other additionality tests (e.g. application
of biodiversity metrics in HB receptor sites). None of the other schemes applied formal addi-
tionality tests, relying instead on trusted intermediaries to manage additionality informally
as part of the project design process (e.g. LENs) or identifying businesses that had been
unable to fund sustainability initiatives via other means (e.g. BIF).
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o The peatland schemes and WCC tended to focus on selling (often fungible) climate mitiga-
tion benefits via market registries (e.g. the UK Land Carbon Registry run by IHS Markit).
While co-benefits, such as biodiversity benefits were used to market these schemes as part of
a bundle of services anchored on carbon, only MF quantified these benefits as part of an
explicit package of multiple ecosystem services that were all being sold together. In contrast,
other schemes were designed to sell or finance a wider range of (mainly non-fungible) eco-
system services, including water quality, soil function, biodiversity and animal welfare bene-
fits, in addition to climate mitigation to buyers. None of the schemes stacked different
fungible services for sale to different buyers. Additionality rules of fungible schemes meant
that stacking of fungible services provided by the schemes reviewed would only be possible
where the cost of delivering the service was too high to be financially feasible through the
sale of a single service (e.g. the price per tonne of carbon would be prohibitive). However,
where interventions deliver more than one service, and neither service could bring in suffi-
cient funding to cover the cost of the intervention, stacking would in theory meet additional-
ity tests in each scheme. For example, stacking could enable projects to meet “financial
feasibility” tests where multiple sources of ecosystem service payments were necessary to
fund the minimum threshold for private finance (15% in the case of PC and WCC). Alterna-
tively, “economic alternative” tests could be met where the project would otherwise not be
the most economically attractive option for that location, for example carbon finance alone
is unlikely to outweigh the opportunity costs of replacing arable agriculture or horticulture
with paludiculture or habitat restoration in lowland peat fenlands, but the addition of biodi-
versity finance might make habitat restoration economically attractive as an alternative to
current land use. Finally, “barrier” tests could be met if it can be shown that the project
would not be possible for any other reason without stacking payments for multiple ecosys-
tem services.

o Investments in the peatland schemes, WCC and HB tended not to be geographically linked
to the locations or interests of buyers, who they sourced nationally, and some of these
schemes ruled out international investment to avoid double-counting against national emis-
sion reduction targets. LENs, NIS, BIF, NCB and NCPF were able to accept funding from
national and international buyers (e.g., overseas impact investors). However, LENs and NIS
tended to focus on sourcing funding from regional stakeholders, on the basis that this is a
scale at which synergies and benefit integration are easier to achieve.

« Schemes relied to varying extents on public funding, both in terms of scheme operation and
project financing. The peatland schemes and WCC were significantly more reliant on public
funding for project financing and in many cases scheme operation than the other schemes
reviewed.

o Payment mechanisms varied significantly across schemes (and in some cases between inter-
ventions within schemes) with the use of different legal agreements, payment structures and
investment aggregation platforms (ranging from intermediaries acting as demand aggrega-
tors to crowdfunding platforms).

5 Discussion

In this section, we will discuss some of the key differences between the schemes and markets
included in the comparative analysis and explore the potential to integrate different types of
ecosystem markets. In doing so, we explore the governance issues associated with private mar-
ket integration and the blending of private and public funding for public goods.
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Table 2. Typology showing the defining characteristics of national carbon markets, regional ecosystem markets and green finance.

Defining characteristic | National carbon market Regional ecosystem market

Main benefits for

investors delivery of business objectives

More limited verification of outcomes,
including by projects themselves and
intermediaries

Verification and
validation of projects
and outcomes

Additionality

Strict procedures governing validation of
projects and verification of outcomes by
independent certification bodies

Assessed formally at project scale via legal,
financial and other additionality tests with
limited consideration of landscape scale

effects sometimes via leakage assessments riding

intermediaries during scheme design to

Ecosystem service
outcomes

Focus on selling (often fungible) climate
mitigation benefits via market registries services, including water quality and
quantity, soil function, biodiversity and

animal welfare benefits, in addition to

climate mitigation, which were often bundled

together in integrated landscape scale
propositions

Operating scale and
market scope

Landscape scale projects typically offered

often not allowing international buyers to
participate to prevent double counting against | can in theory participate
national emission reduction targets

Reliance on public Limited

funding for projects

and/or scheme

operation

Significant (up to 85% project costs)

Woodland Carbon Code Peatland Code
MoorFutures max.moor Dutch Green Deal

Examples (for details,
see Table 2)

Landscape Enterprise Networks Natural
Infrastructure Scheme

https://doi.org/10.1371/journal.pone.0258334.t1002

5.1 Types of ecosystem market

Climate mitigation benefits, sometimes offsets | Management of environmental risks to the

Assessed informally at landscape scale by

avoid ecosystem service trade-offs and free-

Sold a wider range of non-fungible ecosystem

Landscape or regional scape projects typically
nationally to buyers anywhere in the country, | developed for buyers within the same region,
although national and international buyers

Green finance

Economically sustainable delivery of public
goods from private finance that can deliver
returns on investment

Verification by scheme operators or
independent bodies to industry or
Government agreed metrics or standards

Assessed informally during the construction
of the project pipeline or formally via
metric-based additionality tests on site

Financed the widest range of ecosystem
services, including prevention and removal
of invasive species, urban green space,
sustainable urban drainage systems and
development of peat free composts, some of
which were fungible.

Landscape or regional business scale
projects developed for national and
international impact investors and members
of the public

Limited

Nature-Climate Bond Natural Capital
Pioneer Fund Habitat Banking Blue Impact
Fund

Based on the comparative analysis in Table 1 and Supplementary Material, three different
types of scheme emerged, based on their modes and geographical scales of operation, funding

and outcomes (Table 2):

1. National carbon markets, primarily sold verified, validated, additional and (often) fungible
climate mitigation benefits (sometimes marketed as offsets), typically to national buyers

within a single country at prices that reflect project costs more than they reflect carbon mar-
ket rates, with permanence provided by legislation or long-term contracts and significant
Government funding for projects and/or scheme operation. These differ from international
voluntary carbon markets, which allow international buyers to purchase and trade carbon
at market rates, and from compliance markets which are regulated by mandatory national,
regional, or international regimes and only allow trading between regulated entities;

. Regional ecosystem markets enabled buyers to manage environmental risks to their busi-

ness by investing in a wider range of non-fungible ecosystem service outcomes (including
water quality, soil function, biodiversity and animal welfare benefits), in addition to climate
mitigation, typically to regional buyers, with varying levels of validation, verification, addi-
tionality and permanence and limited Government funding required for projects and/or
scheme operation; and

. Green finance provided risk-adjusted returns on investment for national and international

investors (potentially including members of the public via crowdfunding) who were willing
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to accept lower than market rate returns, and financed the widest range of (sometimes fun-
gible) ecosystem service outcomes, with verification of outcomes (and in one case addition-
ality) using industry or Government agreed metrics and standards, permanence via long-
term contracts or follow-on funding and limited Government funding required for projects
and/or scheme operation.

Although not included in our sample of UK-based schemes that are operational (or close to
market) and peatland schemes in Europe, green finance mechanisms can also include loan-
based schemes and insurance products. For example, Scottish Natural Heritage, Scottish Envi-
ronmental Protection Agency, Scottish Wildlife Trust, RSPB, British Ecological Society and
British Marine are developing a scheme based on loans with Lloyds Bank, in which commer-
cial bank loans are be made to groups that can implement biosecurity measures to prevent the
arrival or spread of invasive species or help eradicate them. Loans would be repaid from future
savings on the costs of managing invasive species [48]. For example, Willis Towers Watson
have a Global Ecosystem Resilience Facility uses the prospect of reduced premiums to encour-
age investment in projects that reduce climate-related and other environmental risks to clients
(e.g., coral reef protection and restoration to protect coastal businesses from storm surges),
reducing risks and so making premiums more affordable [49]. Corporate Social Responsibility
(CSR) schemes are not included in the typology, as this is one of a range of motives for invest-
ing in ecosystem markets, and CSR can motivate investment in all three types of scheme iden-
tified above.

The typology in Table 2 provides an evidence-based distinction between the key types of
ecosystem markets operating in the UK and Europe on the basis of their modes of operation,
funding and outcomes. This may provide useful clarity for decision-makers in policy and prac-
tice who wish to expand the role of private investment (ranging from crowdfunding to green
investment funds) in conservation and regenerative agriculture. For example, a practitioner
may be able to use the typology to identify relevant existing schemes or develop new schemes
that target the types of ecosystem services, project developers or investors they are most inter-
ested in. Alternatively, a policy-maker targeting climate change mitigation from the land use
sector might prioritise the promotion of national carbon markets, whereas a Local Authority
seeking to reduce flood risk might prioritise paying for or attracting private investment in nat-
ural flood management via LENs and/or investment in sustainable urban drainage systems via
green bonds or other green finance mechanisms. A decision-maker interested in providing
additional income streams for farmers might focus on a peatland scheme or LENs, and if they
wanted to exclude overseas investment to ensure investments counted towards national net
zero targets, they might focus on national carbon markets and regional ecosystem markets,
rather than green bonds which tend to attract international impact investors. The typology
also provides new academic insights into the operation of ecosystem markets in practice,
which may challenge traditionally held notions of PES. In particular, regional ecosystem mar-
kets do not conform to a number of assumptions underpinning PES and financial markets, in
which payments would normally be conditional on, or linked to, ecosystem service outcomes
or returns on investment. For this reason, the next section considers the operation of this type
of ecosystem market in greater depth.

5.2 Understanding the success of regional ecosystem markets

The emergence and successful early operation of the regional ecosystem market model is par-
ticularly noteworthy, given how differently this model operates compared to national carbon
markets and green finance (Table 2). What constitutes a PES and how to define it is subject to
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much debate [50], but generally there is agreement on PES involving individuals or organisa-
tions (Cbuyers’) paying other individuals or organisations who manage natural resources (’sell-
ers’) to deliver clearly defined benefits or “ecosystem services” from nature [14]. While this
definition of PES relaxes Wunder et al.’s [9, 10] original stipulation that transactions must be
voluntary (they rarely are in publicly funded PES schemes), the conditionality of payments on
the delivery of well-defined, agreed outcomes remains central to PES, and is widely assumed to
be necessary to engender the necessary buyer confidence to underpin a functional ecosystem
market. Therefore, the limited provisions for validation, verification and additionality in the
regional ecosystem markets reviewed in this research may either be used to question whether
these are indeed PES schemes, or to question how important conditionality is to the success of
a PES scheme. Moreover, unlike green finance schemes, regional ecosystem markets are not
designed to provide returns on investment.

As such, it may at first glance seem surprising that the LENs scheme in particular had
attracted significant levels of private sector investment and was proliferating across UK land-
scapes with new international LENs propositions being developed at the time of the analysis.
Although prices across the schemes reviewed were dictated primarily by the costs of delivering
projects and so varied from project to project, national carbon markets tended to calculate the
cost of projects per tonne of carbon as a reference point to guide buyers. In contrast, LENs
buyers had no way of knowing the likely climate benefits, let alone the price of these per tonne
of carbon. Instead, they took a more risk-based approach to negotiating prices between buyers
and sellers on the basis of risks to assets, supply chains or reputational risks, which could be
reduced or avoided by paying for interventions in the landscape. In addition to providing a dif-
ferent reference point for buyers in the negotiation, the focus on risk often brought more
senior executives responsible for risk management to the negotiation table with access to dif-
ferent budgets, compared to the sustainability and corporate responsibility officers typically
involved in decisions around carbon offsetting. In addition, the metrics typically used to assess
risk tended to be less precise than those used to assess offsetting, which may explain the will-
ingness to work with trusted intermediaries to deliver risk reduction outcomes without the
controls on verification, validation and additionality of projects that were seen in national car-
bon markets.

This focus on risk management may also explain the broader range of interests captured by
regional ecosystem markets, including for example, asset risks from flooding, supply chain
risks arising from issues with water quality, soil function or animal welfare, reputational risks
arising from threats to biodiversity, and the wider risks to assets, supply chains and reputation
arising from climate change. This diversity of interests then drove demand for multiple ecosys-
tem services, which had to be managed in space and time to avoid trade-offs where the delivery
of one service (e.g. carbon via conifer plantation) compromised the delivery of another (e.g.
biodiversity). However, this diversity of outcomes also increased the likelihood that companies
who did not invest in a scheme may benefit from the investments of their competitors (the
free-rider effect). The LENs scheme addressed the challenge of avoiding both trade-offs and
free-riders by identifying multiple risks across landscapes used by a number of beneficiary
organisations who could manage risks by working together at landscape scales. This increased
the number of co-investors to reduce the free-rider effect whilst ensuring interventions worked
together without generating trade-offs at the landscape scale through the identification of mul-
tiple interests across the investor community prior to constructing the landscape scale inter-
ventions to deliver against those interests. Aggregating demand for ecosystem services in this
way also increased the overall amount of funding (by stacking payments for multiple benefits)
and led to perceptions of long-term resilience in funding, as the risks of any individual investor
withdrawing funding were reduced with an increased number and diversity of investors. This
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is consistent with the definition of a place-based PES scheme [13], which emphasises the
multi-level governance of social, economic and biophysical attributes that shape a given place
by bundling or layering the widest relevant range of ecosystem services in the same landscape.
The successful aggregation of demand in LENs was in part due to the proactive role of trusted
business-to-business brokers, compared to the national carbon markets, which tended to be
managed by organisations with very different cultures and language (typically Non-Govern-
mental Organisations, research institutes or Government agencies), who played a more passive
role in engaging with investors.

On the supply side, the limited requirements around verification, validation and additional-
ity had the benefit of reducing red tape for land managers who wished to engage with regional
ecosystem markets. Indeed, evidence from interviews with farmers working in the LENs
scheme in Cumbria have shown widespread satisfaction with the scheme compared to the
complexity of public agri-environment schemes [51]. Although farmers still commented on
the additional reporting burden, and had other criticisms of the scheme, engagement with the
scheme was strong. The two most important drivers for farmer engagement with the scheme,
according to a subsequent Delphi survey, were: i) additional, stable income for easily planned
and reported, and flexible activities that were compatible with existing management; and ii)
improving environmental outcomes and animal health [52]. In addition to the relative simplic-
ity of the regional ecosystem market model, trusted intermediaries were employed to actively
recruit farmers, further reducing barriers to entry. These intermediaries aggregated suppliers
of services, and so increased market potential (availability of saleable benefits) while reducing
transaction costs (of contracting with multiple landowners/tenants).

In contrast, national carbon markets were less proactive in recruiting land managers to
develop projects. Neumann [53] conducted a Social Network Analysis of PC and MF, showing
little or no engagement with land management representatives in the two governance net-
works. Instead, decision-making was primarily taken by scheme co-ordinators in consultation
with a small number of key researchers who acted as knowledge brokers, providing access to
necessary evidence. There was limited active involvement from members of the policy com-
munity, although interviews showed that “weak ties” in the network to these more peripheral
actors had played an important strategic role in gaining political support and funding for the
two schemes. The role of the most engaged researchers in both networks was multifaceted, act-
ing as trusted intermediaries to members of the policy community as well as providing access
to evidence to inform scheme development and management. However, both networks were
highly dependent on the knowledge, experience and trust that had been accumulated by a
small number of scheme co-ordinators and managers, making the ongoing success of both
schemes vulnerable to the impact of staff turnover (indeed, the Peatland Code Manager was
replaced soon after the research was conducted). In the case of the Peatland Code, the Director
had similarly strong networks, providing a degree of resilience to the management of the net-
work. In the case of MF, despite stronger reliance on a single scheme co-ordinator and addi-
tional scheme coordinators in the other participating federal states, a larger number of
researchers and practitioners played pivotal roles in the network, which may provide this
scheme with more resilience to changes in staffing, compared to the Peatland Code. Despite
the relatively informal governance arrangement of MF, compared to the two formal gover-
nance structures in the Peatland Code, the day-to-day operation of both schemes was similarly
dependent on a small number of active members who regularly exchanged knowledge with
others, and who were trusted by their network.

More complex and formalised governance structures may be necessary to ensure account-
ability and transparency as new regional ecosystem markets develop and seek integration with
national carbon markets. However, the successful operation of these schemes needs to mitigate
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the risk of losing key trusted individuals from the network, if these individuals provide access
to expertise, political capital, funding and experience from across their networks. Equally,
scheme resilience and delivery of outcomes may be strongly influenced by a small number of
key players, which may limit the rate at which new schemes can successfully proliferate, based
on their individual capacity.

5.3 Integrating private schemes

The main reasons for integrating national and regional ecosystem markets that emerged from
the stakeholder workshop (see phase 4 in Methods) were to increase levels of investment and
drive more multifunctional outcomes from landscapes. National carbon markets have the
potential to bring in new investors to regional ecosystem markets from beyond the region, and
regional ecosystem markets have the potential to extend the range of habitats, land uses and
interventions that can be funded, beyond those currently covered by national carbon markets.
There is a danger that single habitat/service schemes, such as woodland carbon schemes may
drive certain outcomes (e.g. climate change mitigation) at the expense of others (e.g. biodiver-
sity), but by integrating national carbon markets and regional ecosystem markets, it may be
possible to aggregate demand across multiple habitats and land uses for multiple ecosystem
services, and so design schemes that reduce the likelihood of ecosystem service trade-offs.

However, there are a number of governance and technical (e.g., additionality) challenges
involved in integrating ecosystem markets. Integrating schemes could generate unwelcome
levels of complexity, compared to retaining the status quo of separate schemes, given that these
schemes are already operational without integration. There is also a danger that the “commer-
cial force” of carbon markets (as one private sector stakeholder put it) might disrupt regional
ecosystem markets that are not currently tapping into this market, leading to a significant refo-
cussing of attention on a single ecosystem service.

The need for schemes to deliver additional outcomes that would not otherwise have been
delivered (or legally required) poses a more significant challenge to the integration of national
carbon markets and regional ecosystem markets. As described in Section 3.2, regional ecosys-
tem markets were less likely to include formal additionality tests, relying instead on quality
assurance of work undertaken to deliver outcomes. However, if income streams for climate
mitigation via a national carbon market are integrated with funding for a wider range of eco-
system services via a regional ecosystem market for a package of linked interventions on the
same parcel of land, it may be difficult to ensure additionality tests are met. For example, if
payments for water quality improvements are stacked on top of carbon payments for a peat-
land restoration project, it may be difficult to prove that the restoration would not have hap-
pened without the carbon finance. One solution to this is for national ecosystem markets to
apply financial additionality tests (e.g. the Peatland Code and Woodland Carbon Code require
a minimum of 15% carbon finance to be additional). In the case of the Woodland Carbon
Code, projects can be de-registered if they integrate additional funding that was not declared
prior to validation. Alternatively, although complex and currently untested, it may be possible
to apportion credits to different budget contributions within a single project, limiting carbon
credits to the proportion of the project funded by carbon finance. The simplest solution how-
ever, currently being pursued by UK schemes, would be to spatially separate the delivery of
ecosystem services from different schemes, for example integrating peatland restoration and
woodland creation in different locations upstream from farm-based projects managing soil
carbon or planting hedgerows.

The importance of intermediaries and brokers in achieving integration cannot be under-
stated. In addition to working as supply and demand aggregators (see previous section), they
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also play an important role in identifying interventions and projects that could deliver mone-
tizable benefits, demonstrating cash flows, evaluating risks and calculating potential return on
investment, before presenting opportunities to investors, where relevant accrediting projects
to standards (like those developed for national carbon markets) to increase investor confidence
[54]. Evidence from the comparative analysis suggested that communication and trust between
scheme actors may be as important as the development of formal governance structures. For
two of the peatland schemes analysed (PC and MF), there was evidence that researchers may
play a more important role than has been previously appreciated [53], as trusted knowledge
brokers and advocates rather than simply as providers of knowledge and evidence (c.f. Pielke
[55]). Financial brokers have the capacity to work across all three types of ecosystem market,
and initiatives like the Broadway Initiative, Green Finance Institute and SRUC’s Thriving Nat-
ural Capital Challenge Centre in the UK are already connecting many private schemes and
working with Government to create an enabling policy environment.

Building this discussion, Fig 2 proposes three ways in which transactions between buyers
and sellers could be managed to integrate both national carbon markets and regional ecosys-
tem markets. In Option 1, a regional ecosystem market procures climate mitigation benefits
from a scheme that is also supplying national carbon markets or green finance markets, either
directly via a demand aggregator or intermediary (A), or with the demand aggregator procur-
ing ecosystem services as part of a package of benefits arranged by a supply aggregator/inter-
mediary (B). In Option 2, the carbon or green finance scheme acts as the supply aggregator,
providing multiple functions from its own scheme with options (C) to source interventions
from other supply side entities. The scheme may also supply additional climate mitigation ben-
efits into national markets (D). In Option 3, the carbon or green finance scheme provides
both demand and supply aggregation functions. Although this is the simplest integration
option, it creates a conflict of interest because the same body is negotiating on behalf of both
supply and demand side parties to the transaction. An important principle in integrating car-
bon, or any additional function into a multifunctional landscape trade, is that different income
streams should be put together simultaneously to make a trading proposition, and that the full
range of ecosystem services to be provided should be agreed prior to the proposition being
agreed and implemented. Once implemented, there is typically little incentive for future buyers
to pay for outcomes, since those outcomes are already being delivered, and the additionality
tests of national carbon markets would not be met, since activities on the ground would
demonstrably not be dependent on the additional payment.

5.4 Options for blending public and private finance for ecosystem services

Finally, the research highlighted a number of potential areas of conflict between public funding
for natural capital and privately funded ecosystem markets. These included the potential for
public funds to outcompete private funds (e.g., where public schemes offer more attractive
terms including shorter contract lengths and simpler or more familiar application processes),
that would otherwise have enabled the market to deliver the public good. There was also con-
siderable uncertainty over future public schemes as the UK develops and trials post-Brexit pol-
icy over a relatively long time-frame, which could freeze the market, with potential sellers
withholding projects until they know whether they will get a better price or terms under exist-
ing private schemes versus future public schemes.

To tackle these potential conflicts between public and private finance, three broad
approaches may be considered:

1. Full public-private co-procurement of public goods, in which public and private finance are
integrated into a single fund at a landscape scale designed to deliver multiple outcomes. An
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Fig 2. Three alternative options for integrating national carbon markets and green finance schemes with regional
ecosystem markets, showing the different roles each type of market could play in the aggregation of supply and demand
for ecosystem services. Grey = demand side interests, Green = a demand aggregator, or buyer-group, Yellow = supply
aggregators, Orange = individual suppliers (often farmers), Blue = a carbon scheme / operator.

https://doi.org/10.1371/journal.pone.0258334.9002

example of a private-led integration mechanism would be LENs, which could be adapted to
integrate public funding as part of its demand aggregation process, co-ordinating landscape
outcomes across multiple private and public investors. An example of a public-led integra-
tion mechanism like this would be Rural Land Use Partnerships, which are being piloted by
Scottish Government to enable rural communities to shape natural capital investment pri-
orities and provide benefits to these communities alongside land managers and other
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providers of ecosystem services. The advantages and disadvantages of this option are out-
lined in mechanism 1 in Table 3;

2. Co-ordinated public-private funding of public goods, delineated in space or time, enabling
the market to pay for as much as possible, while public payments focus on market failures
and those who are not prepared to accept private finance. There are a range of mechanisms
that could facilitate this, which are outlined in mechanisms 2-6 in Table 3; and

3. Private funding pays for services that are not already being procured by public funding,
with limited coordination. This is the “business as usual” scenario in most countries, and
the primary mechanism that facilitates this are the additionality criteria in national carbon
markets that enable public funding of schemes up to a certain amount (e.g. 85% in the
Woodland Carbon Code and Peatland Code).

The six options described in Table 3 and Fig 3 show how public funding might be designed
in future to incentivise participation in privately funded PES schemes, enabling the market to
deliver significantly more public goods than it currently provides, while reserving public fund-
ing to address market failures and avoid distributional justice concerns about inequitable ben-
efits arising from an entirely market-driven system.

Several of these approaches may work best in combination. For example, funds delineation
(Table 3) prioritises projects for the market that are able to deliver the most in-demand ecosys-
tem services at the lowest price (often climate mitigation benefits), reserving public funds to
pay for projects that are more expensive per tonne of carbon, but that offer other important
ecosystem services that have a high value to society e.g. biodiversity or recreational benefits. A
cost-benefit matrix (Table 3) or decision support tools such as the tool developed by Artz et al.
[56] for Scottish peatlands, could be used to identify sites most likely to deliver cost-effective
GHG emission reductions based on the level and type of degradation, and factors likely to
influence the cost of restoration, such as accessibility. At the same time, this tool could be used
to delineate sites that would be more expensive to restore, but where there may also be impor-
tant biodiversity and water quality benefits, reserving these sites for investors more interested
in these outcomes, and prioritising public funding to sites and/or ecosystem services that the
market fails to deliver. Where schemes do not allow overseas investment, the climate mitiga-
tion benefits of these privately funded projects count towards domestic net zero targets. How-
ever, where overseas investment is permitted, a balance has to be struck between the need to
use public funding to meet net zero targets (and so designing public funding schemes to com-
pete with private markets for the most cost-effective sites) versus prioritising sites where mar-
ket failure is most likely to result in a lack of funding for public goods from nature. Funds
delineation is relatively straightforward to implement (compared to many of the other options
discussed below), but there is a danger that making room for private markets in this way
doesn’t leverage additional private finance in some of the ways that other approaches can. Hav-
ing said this, funds delineation is likely to stimulate some additional private investment by
removing the option of public funding for the sites that are most attractive to the market,
ensuring public schemes do not compete with private schemes, and increasing the number of
projects that are therefore offered to the market.

In contrast, carbon trigger funds and match funding (Table 3) provide a much stronger
leveraging of private finance, directly stimulated by public investment. In the case of trigger
funds, a proportion of public funding for projects is held back, and only released if a certain
level of private investment can be secured within a particular time frame (typically after a proj-
ect start date). The likelihood of securing private funding is then one of the selection criteria
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Table 3. Mechanisms for integrating public and private peatland payments for ecosystem services, based on focus group discussions.

Description
1. Landscape-scale integration

This is an organisational task; to enable public and
private funding mechanisms to interact. It means
overcoming mismatches in organisation scales,
timelines, terminology, definitions, and metrics.
Integration could happen in various ways but is scale
dependent; a funding synergy in East Anglia won’t be
the same as one in Cumbria. Our recommendation is
that public funding shapes itself around emerging
private sector markets.

2. Funds delineation

Locations or application windows are reserved for
private and public funding, making room for the market
to fund as many projects as possible before gap-filling
with public funding where there would be market failure

3. Trigger funds

‘“Trigger funds’ are government funds (directed at
carbon, and / or other site outcomes) that would only be
released once a certain level of private payments was
reached. A single universal percentage level could be
used, or stepped trigger levels could be used based on
site prioritisation (ideally determined regionally)

4. Fund-matching as a default principle

An extension of ‘trigger funds’ in that it establishes a
wider default that public funds should only be issued on
the basis that a level of private sector funds are already in
place for a package of nature-based solutions.

Strengths

« Offers a single mechanism with options for both
public and private finance and so is simple for land
managers

« Can help identify trade-offs between ecosystem
services

« Risks are shared between multiple private sector
and public investors.

« A place-based approach adapted to local contexts
and priorities with potential to feed into regional
economic and community development

o Clear ‘lines of sight’ between sources of funding
and outcomes, helps with transparency.

« Helps boost scale and viability of projects.

« Funds multifunctionality.

« Allows Governments to co-fund ecosystem
functions, without ‘squeezing out’ private sector
finance.

« The effect of private finance triggering public funds
could assist in demonstrating additionality.

« ‘Signalling’ to build confidence within the
marketplace-avoiding both demand and supply side
players being caught in an ‘opportunity cost
dilemma’.

5. Targeting public sector funds via cost-benefit matrices

Public funds would be adjusted according to a matrix of
public benefit versus private finance potential. Stepped,
or differential, rates of funding would need to be guided
by a transparent set of tests, paying more for important
public benefits where there is limited private finance
potential

6. Carbon floor price guarantee mechanisms (Fig 3)

Public funds can be used to provide guarantee
mechanisms for PES markets that can help de-risk
projects and funds for private investors. For efficient use
of public funds, guarantees can be awarded via reverse
auction mechanisms to allow projects or funds to
compete with each other, thus optimising value for
money. Guarantees effectively act as an option to sell
carbon units in the future for project developers and/or
funds, if the market cannot offer a more attractive price.
This certainty over future income streams can unlock
impact investment in addition to carbon finance, and
incentivises developers to put forward projects because
they are able to retain carbon units for sale at higher
prices than they can achieve by pre-selling pending
issuance units prior to verification.

https://doi.org/10.1371/journal.pone.0258334.t003

« Creates ‘smarter’ funding, ‘stepping up’ funds for
more difficult, or public-good oriented schemes or
locations.

« Provides a ‘safety net’ to fund valuable projects for
which there is no private market

« Avoids risk of crowding out private sector as it
provides a potential revenue stream rather than just
capital

« Value for money can be achieved through reverse
auction mechanisms

« Criteria for auctions can be used to direct support
into targeted subsectors and regions

« Ultimately if markets offer better prices, the
guarantees may not be exercised thus freeing up
public funds

« Proven to be effective in unlocking private capital
in the UK in renewable energy and woodland
creation markets

» Opportunity to create a profit capture mechanism
to capture a proportion of market upside
performance to recover capital for the public sector.

Weaknesses

« Depending on the level of public funding
integration, it could increase bureaucracy, and
reduce the agility of private sector delivery

« Difficulty of attributing outcomes to funders may
present additionality issues for funding via carbon
codes, and there may be challenges in terms of WTO
rules on what public funding can pay for in
agriculture

o Operates at landscape scales, and so needs to be
replicated and adapted for each new landscape,
making scaling more challenging

» May not realise the full potential for ‘leverage’
presented by more fully integrated payments and
action.

« Potential for funds to be mis-allocated—for example
funding public access infrastructure that realistically
will only be used for site management.

« Set too low, trigger levels may have the effect of
capping the level of private sector funding.

« Trigger funds would create organisational
complexity

« Risk that public-benefit oriented projects, where
there is little private sector demand, will be
disadvantaged.

» Adds complexity, and requires a defensible and
widely applicable set of tests.

« Requires long-term public-sector commitments

« Does not explicitly deal with supply chain issues.
While growing the market will help supply chains to
develop, they may still require additional public
support.
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Fig 3. A carbon guarantee mechanism provides projects with a floor price for carbon, reached via reverse auction
and guaranteed by government, which can be triggered if projects are unable to find higher prices via carbon
markets.

https://doi.org/10.1371/journal.pone.0258334.9003

for public funding of these projects, ranging from signed contracts and letters of intent to the
plans and track record of the project developer or an intermediary they are working with to
bring in private investment. Carbon trigger funds are complex to administer, and a proportion
of projects won’t ever actually get the private funding they seek. These projects won’t draw
down the second instalment of their grant, leaving the public funder with projects that don’t
reach their public good potential or private finance leveraging. However, if designed appropri-
ately (e.g. restoring or planting up part of a site, rather than doing ground work across a whole
site ready to investment that never materialises), projects may be able to deliver some benefits
with public funding if they fail to get private investment. Because these are more likely to be in
sites that deliver cost-effective climate benefits (to attract private investors), running a carbon
trigger fund to stimulate private investment in the most attractive sites alongside funds delin-
eation may provide governments with an attractive combination of leveraging power whilst
considering issues of equity and distribution of benefits.

One of the challenges of funds delineation is identifying which sites should be prioritised
for public versus private funding, and carbon trigger funds are likely to prioritise projects on
the basis of their ability to leverage private funding, rather than the efficiency with which they
can deliver carbon and other benefits. The carbon guarantee (Table 3; Fig 3) is more likely to
identify the most cost-effective sites for private buyers because it relies on a reverse auction to
prioritise sites to be supported by the guarantee. It has the potential to mobilise private capital
to finance restoration in the long term, replacing the year-to-year public grant system, whilst
giving confidence to both project developers and investors. The mechanism has so far been
tested through the Woodland Carbon Guarantee in England, but it has the potential to be rep-
licated in other ecosystem markets especially in national carbon markets or where
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independent standards exist, such as the four peatland standards reviewed in Table 1. While
the Woodland Carbon Guarantee typically relied on public funding to subsidise tree planting,
future guarantee mechanisms could raise private capital to pay for capital works. For projects
that require significant funding up front, for example to plant trees/hedgerows or do restora-
tion works, there are currently two main options (which may be used in separately or combi-
nation). First, projects can use public grant funding, requiring the majority of project costs to
be paid by the public and limiting the capacity for private funding to be leveraged. Second,
some schemes allow projects to forward-sell “pending issuance units” once projects have been
validated, prior to verification, at a significantly lower price than they would expect to achieve
for verified units at a later date, to cover up-front project costs. However, this is a major disin-
centive for project developers who receive a fixed price for their carbon up front, which could
have been worth significantly more had they been able to retain the units for future sale. How-
ever, the carbon guarantee mechanism opens an alternative funding mechanism for paying
up-front project costs. If financing is agreed with impact investors with the terms made known
to project developers prior to a reverse auction, these repayments (with interest) can be incor-
porated into bids, creating a floor price that enables projects to repay their finance, in addition
to covering their own costs and profit. Investors may even provide commitments contingent
on successfully accessing a guarantee. This then means that the carbon guarantee mechanism
leverages both carbon finance and impact investment, giving the private sector confidence to
invest in projects, knowing that project developers will be able to repay investment with a
return by selling carbon units at the floor price via the guarantee if carbon markets are not able
to sustain higher prices. If carbon markets are able to pay more than the floor price, then inves-
tors are repaid, and project developers retain any additional profits. There is a possibility
under certain conditions that public funds (reserved in case the guarantee mechanism is trig-
gered) are never used, and ecosystem services are delivered entirely via private funding,
enabling public funding to be re-invested in future rounds. Conventionally, guarantees are
offered at a project level, as shown in Fig 3.

Finally, it is possible to envisage the blending of public finance with multiple, co-ordinated
private schemes. Funds delineation might reserve specific landscapes for private investment
using a cost-benefit matrix, with carbon trigger funds, a match funding principle or guarantee
mechanisms to leverage carbon finance, to pay for woodland creation, peatland and saltmarsh
restoration or regenerative agriculture interventions that sequester and store soil carbon.
Where interventions are too expensive to be paid via carbon finance alone, payments for biodi-
versity might be layered on top of the carbon finance to make projects financially feasible. If
co-ordinated at a landscape scale by an entity such as LENS, it may be possible to aggregate
demand for layered, fungible services such as carbon and biodiversity, with non-fungible ser-
vices such as water quality and animal welfare (defined as a public good in UK law) for buyers
seeking to reduce risks to their business from climate change or other drivers of change. At the
same time, some land within the same landscape may be eligible for entry to agri-environment
schemes to pay for interventions that deliver services not included in private schemes.

6 Conclusions

This paper has provided an empirical basis for a new typology of ecosystem markets based on
schemes currently operating or under development in the UK and in European peatlands.
Each have distinct operational scales of investment and delivery, modes of funding and gover-
nance models. Of particular interest are emerging regional ecosystem markets, which are stim-
ulating and meeting demand for ecosystem services by framing demand in relation to business
risks and aggregating both demand side interests and the supply of services, overcoming free-
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rider effects and minimising trade-offs between ecosystem services across a landscape. Con-
trary to assumptions underpinning traditional PES schemes, taking this approach may lead to
strong and resilient demand for ecosystem services in the absence of tight coupling between
payments and provision of benefits. However, integration of these regional ecosystem markets
with national carbon markets and green finance mechanisms may provide an expanded range
of investors and land uses from which a much wider range of services can be provided.

The integration of private schemes may also make it possible to co-ordinate more effectively
with public funding for ecosystem services, prioritising public funding towards landscapes and
services not paid for by the market, and increasing the diversity and amount of funding for
sustainable land management interventions. While the options for integrating private ecosys-
tem markets proposed here are currently theoretical, there are now attempts to apply these
integrative governance models in practice. Achieving integration between schemes is increas-
ingly important as private ecosystem markets proliferate around the world. However, as sepa-
rate schemes proliferate, so does the likelihood of competition and trade-offs between services
provided by different schemes. The need to manage these trade-offs and ensure private invest-
ment contributes to multifunctional landscapes is therefore a key driver for considering how
schemes can more effectively integrate with each other.

As publicly funded schemes also become more PES-like in many countries, there is a risk of
perverse outcomes if public funding pays for services that would otherwise have been provided
by the market. However, by designing future public schemes to complement private ecosystem
services, it may be possible to avoid these markets being crowded out, and even use public
funding to leverage private investment, for example via carbon trigger funds (Table 3). As
Government budgets come under increasing pressure, stimulating ecosystem markets could
help fill the funding gap, contributing to a green post-COVID economic recovery, and increas-
ing the likelihood that ambitious climate and biodiversity targets are met. However, to unlock
this private finance, mechanisms need to be developed to ensure public and private funding
can be successfully blended in future nature-based projects, for example integrating funds
delineation with carbon trigger funds or carbon guarantees (see discussion of Table 3). Robust
standards (akin to those developed for peatland restoration in Europe) are needed to govern
the development of new markets in a wider range of land uses and habitats, to provide investor
confidence and ensure outcomes are delivered. Public funding may also be used to help these
new markets develop investment pipelines with projects that are ready for investment with the
associated staff and governance mechanisms to channel investment scale capital into nature-
based solutions. In some contexts regulation may be considered, for example the integration of
Net Biodiversity Gain in the planning system, requiring developers to make (typically offsite)
provisions to compensate for biodiversity losses and provide additional biodiveristy gains.
Government funding could also help unlock supply by employing facilitators to explain oppor-
tunities to owners and managers of land and marine assets, simplifying and democratising
access to private finance.

In conclusion, much still needs to be done to stimulate and integrate ecosystem markets,
but with the right support and design, it may be possible to integrate multiple sources of pri-
vate investment with public funding to start delivering the levels of funding needed to address
the twin challenges of climate change and biodiversity loss. The typology developed in this
paper was developed with reference to the analysis of private ecosystem markets in the UK and
Europe, so care should be taken in applying this more widely. However, as the number of dif-
ferent markets and financial instruments facilitating the sale of ecosystem services grows, the
conceptual clarity brought by this typology may aid those seeking to develop or access private
finance in the context of green recovery and meeting net zero and other targets.
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