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SUMMARY

Wetlands provide �$47.4 trillion/year worth of ecosystem services globally and support immense biodiver-
sity, yet face widespread drainage and pollution, and large-scale wetlands restoration is urgently needed.
Payment for ecosystem service (PES) schemes provide a viable avenue for funding large-scale wetland
restoration. However, schemes around the globe differ substantially in their goals, structure, challenges,
and effectiveness in supporting large-scale wetland restoration. Here, we suggest wetland-based PES
schemes use common asset trusts (CATs) to build investment portfolios of wetlands across landscapes
that sustain and enhance overall provision of multiple ecosystem services. CATs can meet the needs of mul-
tiple investors, permit bundled payments, and provide flexibility to invest in the restoration of numerous ser-
vices/values, all using a coordinated, highly collaborative, prioritized, and transparent process. CATs would
support financial viability, facilitate efficiency to reduce administrative burdens, and enable credibility and
social licence building to restore wetland values and services globally.
INTRODUCTION

Wetland restoration can contribute significantly to meetingmany

global, national, and local goals and initiatives, including several

United Nations (UN) Sustainable Development Goals (SDGs).1,2

Using the Ramsar definition, wetlands include any inland,

coastal, or marine waterbody, still or flowing, fresh or saline, per-

manent or temporary, to a depth of 6m at low tide.3 This includes

fens, peat bogs, swamps, marshes, oyster reefs, rivers, lakes

and artificial water bodies, mangroves, seagrass meadows,

mudflats, and some coral reefs. In many cases, wetlands also

include adjacent riparian and coastal zones.3 Wetland ecosys-

tems provide a range of ecosystem services (i.e., the benefits

to humans from ecosystems), including water purification, car-

bon sequestration, food provision, flood regulation, storm surge

protection, and ecotourism, and support biodiversity, and cul-

tural and spiritual values.1 The global value of wetland

ecosystem services is estimated at �$47.4 trillion/year, with

estuarine and palustrine wetlands among the most service-rich

ecosystems relative to extent.4,5 The total value of ecosystem

services to human wellbeing comprises both market (market
One Earth 4,
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price or exchange values) and non-market values. Estimates of

the total value are required to truly recognize the contribution

the wetlands make to human wellbeing, and to enable us to

appropriately determine the ecosystem services most in need

of protecting from degradation or loss.

Despite the well-established provision of ecosystem services,

global wetland extent is still declining.6 Davidson7 estimates that

54%–57%, and possibly as much as 87%, of global wetlands

have been lost as a result of land use change for agricultural, ur-

ban, and industrial expansion. Large-scale wetland restoration

would directly support the UN SDGs by providing a critical buffer

against global climate change, improvingwater quality, increasing

infrastructure resilience to floods and storm surge, protecting or

enhancing biodiversity, and addressing food supply crises.2,8

The protection and restoration of wetlands is being facilitated

by many policy instruments, including outreach and education

(e.g., awareness campaigns), international conventions (e.g., the

Ramsar Convention and Convention on Biological Diversity),

governance instruments (e.g., national policies and programs),

regulatory approaches (e.g., environmental standards), covenants

and easements, environmental taxes, restoration subsidies, and
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market-based approaches (e.g., environmental markets and eco-

labeling).9–11 Among these approaches, public/private funding

schemes that include payments for ecosystem services (PES),

provide a potential way of raising the financial capital needed to

deliver large-scale wetland restoration.12–14 PES schemes may

be regulated (e.g., government-led programs to achieve legislated

environmental limits) or voluntary (e.g., non-government organiza-

tion-led programs to achieving non-binding goals), and seek to

provide payment for the additional or sustained existing

ecosystem services that restored ecosystems provide, often to

offset impacts elsewhere.

PES schemes have primarily arisen from trading carbon for

climate change mitigation or trading nutrients for water quality

improvement, mitigation banking, or sale of habitat protection/

restoration ‘‘stamps.’’12,15 New scheme mechanisms (e.g.,

crowd funding), new support technologies (e.g., block-chain

mechanisms and remote sensing), and new opportunities (e.g.,

blue carbon, property protection,16 and bioenergy) are on the ho-

rizon and present options for schemes that endeavor to fund

future wetland restoration within the UN ‘‘decade of ecosystem

restoration (2021–2030).’’17

While promising, PES schemes do not often deliver the ex-

pected benefits from wetland restoration.15,18,19 These failures

can arise where wetland restoration is a secondary objective or

a tool supporting a primary objective (e.g., reducing carbon or

improving water quality) and where the schemes face their

own difficulties.20 For example, a review of the effectiveness of

four North American water quality trading schemes (in which,

wetlands are one of many options for improving water quality)

identified many challenges, including inadequacy in monitoring,

low participant motivation,21 difficulties in achieving and enforc-

ing compliance, ill-defined property rights, and high administra-

tive and transaction costs.22 Similar challenges were also identi-

fied by a review of PES schemes across China.20 It is likely that

PES-based restoration schemes in other locations will face

similar and scheme-specific challenges. If wetland restoration

is to deliver a substantial contribution toward local ambitions

and ultimately global SDGs,1,2,23 it is imperative that financial

incentive mechanisms, such as PES, are well designed to maxi-

mize success in achieving a chief objective of large-scale

wetland restoration. This is in contrast to existing schemes that

typically primarily focus on ecosystem service provisioning and

have wetland restoration as a secondary objective.

Notable types of PES schemes providing incentives for

wetland restoration include carbon markets; water quality

trading; habitat stamps and wild harvesting; eco-labeling; crowd

funding; and water funds. While each scheme has advantages,

disadvantages, and room for improvement (Table S1), three

cross-cutting challenges exist: (1) demonstrating sustained

financial viability; (2) establishing credibility with effective verifi-

cation and accounting; and (3) balancing trade-offs to achieve

general acceptability, and to establish and maintain social li-

cense to operate (Table S1).24–26

Here, we suggest that PES schemes dedicated to, and specif-

ically designed for, wetland restoration will be more effective

than single-service-focused schemes and non-financed instru-

ments in not only increasing the rate and extent of wetland resto-

ration, but also increasing the flow of multiple ecosystem ser-

vices. Taking on board the challenges faced by many PES
938 One Earth 4, July 23, 2021
schemes (Table S1), we propose using a common asset trust

(CAT) approach as the platform for a PES scheme designed to

enhance wetland restoration efforts. Below we analyze the three

main challenges for PES schemes and how these challenges

may be overcome. We then outline how a CAT could solve

many of these challenges to enhance wetland restoration, and

identify the roles and responsibilities of key stakeholders.

COMMON CHALLENGES ACROSS SCHEMES

The three key challenges across schemes are financial viability,

credibility, and maintaining a social license to operate.

Financial viability
Financial viability is critical to the success of any PES scheme.

Funding is often insufficient, intermittent, or highly variable, to

confidently cover the costs of wetland restoration (including

the opportunity cost of land use change), associated assess-

ments, monitoring and administration, and on-going mainte-

nance after construction.27–29 Financial viability rests on suffi-

cient, stable, and sustained payments for projects and

acceptable rates of return for project investors (including public

financers seeking societal benefits). Highly variable provision of

services may lower investor confidence in returns, deter inves-

tors, and erode financial viability. In addition, sometimes

measuring/estimating service flows requires complex and

expensive assessments to boost confidence.14,30,31 Often,

schemes trade a single-service commodity (e.g., credits for car-

bon sequestration or nitrogen removal), rather than rewarding

the provision of multiple services, where restored wetlands are

designed and positioned to optimize cost-effective delivery of

that service (Tables S1 and S2).18,32

Aswetlandscan delivermultiple ecosystemservices,1 schemes

that focus on a single service (i.e., the primary benefit) do not value

and reward the provision of co-benefits (i.e., the secondary bene-

fits).33 Carbon markets, for example, offer low and highly variable

trading prices, with compliance markets having greater demand

(driven by legislated limits) and offer better prices than voluntary

markets (Figures S1–S3).34–36 Wetland-based carbon sequestra-

tion projects are often only viable and competitive against other

offset options in low-cost developing countries, e.g., the Sundar-

bans Mangrove Restoration in India (Note S1).28,36,37 Even then,

Vietnam’s Markets and Mangroves project (Note S2) within the

Mekong Delta initially sought funding by selling carbon credits,

but were deterred by the administrative cost burden, and instead

were funded by an organic eco-label.38 Trading prices are often

insufficient to deliver positive returns from wetland restoration in

countries with developed economies.36,37

Quantification of ecosystem service provision in market-

based schemes can often constitute a substantial cost that

affects financial viability.31,36,39 For example, G€unther et al.40

estimated in 2018 that assessing carbon for a 52 ha re-wetted

fen in north-eastern Germany cost between V150,000 and

V300,000 over 2–3 years. Several mechanisms, including stan-

dard setting, applying trading ratios and using direct fund invest-

ment, have been trialed to reduce the compliance costs of

participating in wetland restoration projects. Germany’s Moor-

Futures regional carbon trading scheme has increased the finan-

cial viability of peat-wetland restoration by reducing compliance
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costs through the setting of local assessment methods and stan-

dards (Note S3).41,42

North American point-nonpoint source water quality trading

markets (e.g., Colorado’s Cherry Creek and Ontario’s South

Nation River schemes; Notes S4 and S5, respectively),22,43 and

wetland biodiversity mitigation markets (e.g., Chicago’s wetland

mitigationmarket; Note S6),44,45 often apply trading ratios, which

tend to be conservative, to account for uncertainties in service

delivery. Trading ratios are a policy mechanism that require pol-

luters or property developers to offset more than the estimated

discharge or loss. For example, Ontario’s South Nation River

phosphorus trading scheme requires polluters to offset four

times the amount of phosphorus discharged (Note S5). Trading

ratios could allow for less onerous assessment methods,

improving the cost effectiveness of restoring larger wet-

lands.22,43 However, very high ratios may render wetland pro-

jects uncompetitive against other offset options. Using trading

ratios with complementary assessment models or simple esti-

mates of efficacy, can increase certainty, ease monitoring costs,

and thereby increase competitiveness compared with other off-

sets.46–48 In California’s carbon trading scheme (Note S7),

wetland restoration has not been driven by credit-generating ac-

tivities, but from direct investment by the Greenhouse Gas

Reduction Fund (funded by the State’s revenue from the

scheme), which do not require credit generation, bypassing the

need for carbon assessment altogether (Note S7).49

Fund-based schemes, such as the Latin American water fund

(LAWF) schemes, such as those in Mexico, Colombia, Ecuador,

Peru, Dominican Republic, and Brazil, and habitat stamp

schemes, such as those in the US, Canada, and New

Zealand (Note S8; Table S1), have both demonstrated financial

viability and efficiency in supporting large-scale wetland restora-

tion.50–53 For example, the US Federal Duck Stamp, which must

be purchased prior to hunting waterfowl, has restored over 2.4

million ha of wetlands.50 Funds are pooled frommultiple sources

into a trust, managed by trustees taskedwith strategically invest-

ing in restoration activities that support trust objectives (e.g.,

gamebird hunting or improving water quality/quantity). Multiple

funding sources support financial resilience but do not guarantee

immunity against financial variability.51,52 Habitat stamp

schemes are often funded through hunter licensing and are

vulnerable to societal changes in hunting participation.54,55

While LAWF schemes are funded from a range of public, utility,

NGO, multilateral, and private investors, they remain vulnerable

to loss of single, large funding sources.52

Restoration investment is often financed via a combination of a

fund’s principal and interest, depending on the size and pace of

restoration required balanced against the need to buffer market

and political volatility.52,53 As funding is not dependent on trading

revenues from the sale of rival and excludable goods/services

(i.e., the goods and services the ecosystem produces; outputs),

monetary transfers can be based on activities that generate in-

creases in the provision of ecosystem services (i.e., wetland

restoration; inputs). With habitat stamp schemes, restoration ac-

tivities provide gamebird habitat and broader conservation value

(input-based approach); however, hunters are not guaranteed a

specific gamebird population size (output-based approach;

Note S8). In LAWF schemes, restoration activities may support

sediment reduction (input-based approach), but do not guar-
antee a downstream water quality standard (output-based

approach). While outputs in such schemes are not traded, out-

puts are still measured to evaluate efficacy, support adaptive

management, inform future investments, and entice new fund-

ing, and are important to ensure that environmental goals are

achieved.51,52 Fund structures that include a centralized agency

means the assessment and administrative burden can be low

relative to environmental market approaches.31,39,53 Both

habitat stamp and LAWF schemes offer many learnings that

could be used to improve the success of PES schemes in

restoring wetlands (Table S1).

In contrast to the LAWF schemes that bundle payments for

multiple ecosystem services, schemes that stack payments

(award discrete payments for multiple services) have rarely

been implemented and are often prohibited. Stacking is largely

an output-based approach where separate payments are given

for each quantifiable service provided, which differs from

bundling (largely input-based) where a single payment is given

for a package of services.39,56 Stacking can have high assess-

ment and administrative burdens, as each service requires its

own evaluation. This may be particularly burdensome when

many services require assessment, reducing the cost effective-

ness of the scheme (Table S1). Assessing additionality for stack-

ing can be challenging. For example, if a carbon payment is

already received for wetland restoration, an additional environ-

mental improvement may be required to receive further pay-

ments for supplying nitrogen removal.56–58 While stacking can

improve financial viability and increase the broader conservation

benefit via greater restoration, a potential downside is that

increased supply of wetlands could devalue the credit trading

prices for provision of individual services.39,59,60 This, however,

could be an advantage if reducing service provision costs is

the goal. Simulated credit stacking within the Baltic Sea nutrient

trading markets indicates a �20% reduction in nutrient credit

costs as credit supply increases relative to demand.61 The finan-

cial viability of output-based schemes rests heavily on the ability

and credibility to provide and assess the additional ecosystem

service desired.

Establishing and maintaining scheme credibility
For market-based schemes that incentivize the provision of

ecosystem services to be credible, they must demonstrate at

least four features35,39: (1) additionality, where projects need to

demonstrate that the offset would not have occurred under a

business as usual scenario (e.g., that the generated pollution

abatement is additional to that accounted for when pollution

discharge licenses and/or catchment load caps were set); (2)

leakage minimization, where projects need to show a net gain

in provision of ecosystem services; i.e., additional provision of

ecosystem services has not been outweighed through adverse

changes in practice or land use elsewhere; (3) permanence,

where projects need to minimize the risk that future develop-

ments will reduce or remove the benefits delivered, such as a

restored wetland being drained again; and (4) verification, where

benefits need to be measurable and reported in a transparent

fashion to ensure environmental gains are realized.35,39

The first three requirements can be strengthened (but not

necessarily guaranteed) by having a robust accounting frame-

work with baseline data on conditions (at a sufficiently broad
One Earth 4, July 23, 2021 939
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scale), and legally binding covenants and safeguards where

needed. The fourth requires cost-efficient and repeatable

assessment methodologies (including models based on proxies)

being available to projects via sound governance.35,39 Many

market-based schemes struggle to satisfy these four require-

ments, often lacking robust wetland mapping and accounting

of the extent and condition, or requiring onerous assessment

of ecosystem service provision (Table S1).

The delivery of ecosystem services by wetlands occurs at mul-

tiple scales, underpinned by complex processes that vary

spatially and temporally, making quantification of ecosystem

services difficult and costly. This can lead to distrust in service

provision. Denitrification processes in wetlands, for example, is

highly variable (both spatially and temporally) and dependent

on inlet nutrient delivery concentrations, wetland size and shape,

hydrology, hydraulic residence times, vegetation, temperature,

and redox potential.62 Accurate assessment of variability re-

quires intensive monitoring. The estimation of carbon sequestra-

tion for carbon offsets, increased waterfowl population for

hunters, sediment removal for drinking water supplies, species

occurrences for biodiversity conservation, and other services

would be similarly difficult to accurately assess.31,63,64 Models

can be used to estimate service provision; however, they would

need to be underpinned by science, validated, reliable, peer-re-

viewed, robust, and used by appropriately trained operators to

be acceptable.65,66 New Zealand’s water quality schemes

demonstrate how uncertainties in assessment models can lead

to skepticism about the benefits of wetland restoration (Note

S9).67 The use of robust and accepted proxies, models, and

standards in Germany’s MoorFutures carbon scheme (Note

S3); the use of models and conservative estimates of service

provision in North American water quality trading schemes

(Notes S4 and S5); and the use of input-based assessments

(i.e., wetlands meeting a predetermined design standard) rather

than output-based assessments (i.e., estimation of service

provision) in habitat stamp and water fund schemes,31 all

demonstrate alternative options for avoiding intensive, costly

assessment of ecosystem service provision.

In addition to assessment, schemes that need to demonstrate

additionality must establish baseline service provision and

ensure that leakage is minimal (i.e., that losses are not occurring

concurrently).31,68 For example, an exhaustive survey of US

biodiversity mitigation bank schemes in 2006 found that they

consistently lacked a maintained database of wetland mitigation

bank transactions and sufficient detail to allow third-party verifi-

cation.69 Furthermore, reviews of the schemes in Chicago and

Florida observed that �60% of credits have been sold without

meeting prescribed ecological performance standards, suggest-

ing that they are either sold immaturely, are poorly developed

projects, or have suffered from natural uncertainty.45,70 The

lack of robust and transparent accounting, which is then

communicated and used in decision-making, makes it difficult

to establish social credibility as the community may be cynical

about the validity of offsets and additionality provided.

Social license to operate
All schemes have the potential for both positive and negative im-

pacts, and may create winners and losers, perceived or real.

While consensus among stakeholders is highly unlikely, trade-
940 One Earth 4, July 23, 2021
offs need to bemanaged to ensure schemes are socially accept-

able; schemes may be rendered unviable if their social licence is

not established or is lost.71,72 A social licence is the acceptance

of an activity or system granted by the community to operate.

This is critical for those schemes reliant on legislated environ-

mental limits and legislated trading, as democratic political deci-

sions are highly sensitive to societal appetite. Without a social

licence, politicians in a modern democracy are unlikely to sup-

port a scheme, which ultimately threatens scheme viability.

Trade-offs may arise at multiple points within a scheme as con-

flict can arise both within and between environmental, social,

cultural, and economic goals, including the UN SDGs (Table

S1). Contentious areas of trade-off may include differences in

ecosystem service provision driven by wetland location and

design, and the alteration of individual and/or community use

rights.73–75

Wetlands differ considerably in the type and amount of

ecosystem services generated.64 Restored wetlands are typi-

cally designed to enhance the ecosystem service that attracted

the funding for restoration (e.g., nutrient attenuation, carbon

abatement, biodiversity payments, waterfowl hunting, or

tourism; Table S2). Enhancing the delivery of one ecosystem ser-

vice can reduce the delivery of other services, potentially

creating conflict between goals.74,75 For example, in Australia

an earth wall removed on a floodplain allowed saltwater ingress

inland (as an alternative to herbicides) to destroy freshwater

aquatic weeds, and also delivered increased carbon sequestra-

tion from mangrove expansion, but at the expense of degrading

freshwater wetland habitat, used by fish, turtles, and wa-

terbirds.76

Likewise, wetlands designed to denitrify nitrogen loads can

have low carbon storage and rely on hypoxic conditions that

adversely affect wildlife.77–79 Both examples show potential con-

flicts between different restoration goals, including the SDGs for

carbon action, life below water, life on land, and for clean water

and sanitation. Having clear objectives at the outset that are

broadly agreed upon by stakeholders, with decision-making

well informed of potential consequences, will be necessary for

reducing unintended consequences andmaintaining a scheme’s

social licence.31,80

Conflicts may arise between environmental and social goals.

Poorly implemented restoration schemes—including those sup-

ported by PES can result in the loss (or perceived loss) of com-

munity use rights sometimes referred to as ‘‘green grabbing’’

and ‘‘blue grabbing’’ in terrestrial and aquatic conservation,

respectively.81,82 Despite good intentions and substantial

consultation, agencies and organizations that carry out wetland

restoration in areas where communal areas are a common pool

resource can disrupt local social norms and displace users

reliant on the resource.83–85 Community displacement can also

be exacerbated when developers, and their scientific support

partners, make over-zealous promises of outcomes or provision

of ecosystem services that are not realized.86,87 Examples of

community displacement have primarily been observed in Africa

(e.g., Note S11), Asia, and South America.88

The alteration of individual use rights, such as the allocation of

pollutant discharge rights/permits to individuals in water quality

and carbon trading schemes, can also affect scheme accept-

ability and viability. By way of example, litigation over the nutrient



Table 1. Eight guiding principles of an effective ecosystem-basedCAT, as proposed byCostanza et al.,97 and the aligningWIF features

Guiding principle Brief description WIF features

1. Stewardship responsibility The trustees have a mandate to sustainably

manage the trust to ensure ecosystems are

healthy and continually provide services for

future generations.

Managed using a deliberative democratic

approach with representatives from all

stakeholders, including indigenous

membership and scientific advisory, that

set and work toward wetland restoration

objectives that align with local values.

Supported by a local scientific/technical

support partner, local indigenous/

traditional owners, government, and

stakeholders.

2. Systems thinking The scheme should consider the broad

socio-ecological system, with a focus on

improving the health and wellbeing of its

beneficiaries. Economic, social, cultural,

and ecological connectivity across the

landscape is understood.

TheWIF role includes the early and adaptive

identification of values and objectives

across the landscape, using spatial

planning. This would be informed by

working with support partners and

stakeholders. Optimal restoration project

design and locations would be guided by

outputs from the scientific support partner,

using tools, such as modeling and multi-

criteria analysis.

3. Additionality Scheme activities to increase ecosystem

services should be additional to any in

existence or being created by other

initiatives and not be lost by destruction

elsewhere.

Government would need to ensure

legislation supports a no net loss of

wetlands policy and operate a broader

wetland accounting framework. The

scientific support partner would operate a

database on the condition, extent, and

performance of portfolio wetlands. The WIF

would also advocate for the protection of

freshwater environments to ensure gains

are not lost elsewhere and the integrity of

the wetland portfolio is maintained or even

improved.

4. Conditionality Payments should be conditional to the

successful provision of the outcomes

agreed in contract.

Project developers would be required to

demonstrate satisfaction of contracted

deliverables by having a trained and

approved assessor verify the project

deliverables. The scientific support partner

would audit assessors and carry out

portfolio-wide monitoring with

technologies, such as remote sensing

would. Deliverables would be based on the

provision of inputs, which are more easily

verifiable than outputs.

5. Efficiency The CAT should be efficient in achieving

outcomes, with funds invested in high-

return projects and maintain low

transaction costs.

TheWIF operating as a ‘‘one-stop shop’’ for

the range of funders and developers to

reduce administrative burden, and enabling

bundling of funds allowing for large projects

that benefit from efficiencies of scale.

Spatial planning, supported by guidance on

strategic restoration from the scientific

support partner, allows for the design and

position of wetlands that support optimal

provision of desired ecosystem services.

Verifying projects using contracted inputs,

rather than highly variable outputs,

increases assessment efficiency and

financial return on investment.

(Continued on next page)
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Table 1. Continued

Guiding principle Brief description WIF features

6. Financial sustainability The trust should secure sufficient funding to

remain financially viable and be resilient to

social and economic stressors.

TheWIF is not limited to provision of a single

ecosystem, but flexible to invest in any

ecosystem service desired from wetlands.

As a result, it can accept and aggregate

funds from a wide range of potential

sources (Table S2), and invest in a range of

wetland restoration projects potentially

supporting different services (Figures 1 and

2; Table S2), allowing the fund to hedge bets

for both investors and investors. Fund

managers can also choose the extent to

which funds invested in restoration are

sourced from principal or interest earned on

principal, which helps to balance growth

with resilience to political and market

volatility.

7. Intersectoral participation The trust should operate under a

participatory approach, being inclusive of

all stakeholders.

The WIF would have strong partnerships

with a local scientific/technical support

partner and local indigenous/traditional

owners. There would also be strong

participation by stakeholders, including

investors, project developers, and local

community.

8. Legally sound The trust should be established and

protected by a set of laws, regulations,

policies, and contracts to sustain it

over time.

In many jurisdictions, trusts or similar are

legally well established. Legal assistance

and a partnership with government can help

ensure the scheme has adequate legal

safeguards.
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discharge allocationmethod in the regulatory limit has stalled the

implementation of New Zealand’s Rotorua Lakes nitrogen

trading scheme (Decision [2019] NZEnvC 136) (Note S11).

Contention arose over whether to grant the largest polluters

large initial allocations of pollutant discharge rights (to minimize

economic disruption) or whether the allocation of discharge per-

mits should be based on land characteristics (to avoid rewarding

polluters, incentivize land use positioning, and reduce inequality)

(e.g., Decision [2019] NZEnvC 136 and Decision [2017] NZEnvC

037). Similar contentions over the preferred allocation method is

also observed in carbon trading schemes, such as the EU ETS

(Note S12),89,90 and China’s recent National Carbon Trading

Scheme (Note S13).91,92

While there appears to be no ‘‘one-size-fits-all’’ approach to

achieving general acceptability, the importance of indigenous

partnerships and engaged participation of all local stakeholders,

particularly when identifying scheme values and objectives, is

important for PES schemes.93 The early identification of catch-

ment community values and scheme objectives, including how

values vary temporally, spatially and existing dependencies on

ecosystem services can reduce conflicts and trade-offs, in-

crease acceptability and efficiency in achieving objectives, and

minimize disruption of local norms.94–96 Furthermore, moving

from site-scale to landscape-scale PES schemes can allow for

greater incorporation of diverse stakeholders as different sites

can be tailored to meet different needs, which could be facili-

tated by applying spatial multi-criteria analysis.31,73

Forcing all ecosystem services to fit within conventional mar-

kets designed for rival and excludable goods is challenging97
942 One Earth 4, July 23, 2021
(Table S1). Ecosystem services differ substantially in the extent

to which they are rival and excludable, which are conditions

necessary for well-functioning markets.14,72 Many ecosystem

services provided by wetlands are not easily excluded (e.g.,

fish migration to the open ocean and pollutants), are non-rival

(e.g., flood protection), and scarcity is often the result of legisla-

tively imposed constraints. Given the variable nature of wet-

lands, promising a level of service provision to those seeking

to purchase offsets a priori (e.g., 100 t of carbon will be seques-

tered over the next 10 years) will be fraught with risk and difficult

to guarantee. Any promises of offset made would need to ensure

they are meaningful and achievable, reliant on a solid under-

standing of the local context, ecosystem functioning, baseline

conditions, natural feasibility, and social realities. By contrast,

adopting a ‘‘pay by performance’’ approach, where fund income

is dependent on the selling of credits realized over (say) the pre-

vious 5 years would provide variable and uncertain revenue

streams, particularly when reliant on trading a single service

(while multiple services allows hedge betting).39,97 This can

create an intense focus on assessment, to have confidence in

ecosystem service delivery and financial returns. Assessments

can be complex, have high uncertainty, andmay reduce financial

viability. Using models and conservative estimates of service

provision can help alleviate the assessment burden but would

require larger areas of wetlands to be restored to achieve finan-

cial viability.65 Mechanisms that trade single services are also

vulnerable to changes in buyer demand, which can occur if soci-

etal values change or legislated limits (‘‘caps’’) are weakened,

removed, or are met.



Figure 1. The monetary and service flows
between investors, developers, and a
proposed wetland restoration
investment fund
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MOVING FORWARD WITH CATs

An effective PES scheme would ensure the restored ecosys-

tems, and those already in existence, are healthy and safe-

guarded from detrimental impacts. The scheme would need to

support the ‘‘wise use’’ of wetlands, which is a central tenet of

international wetland conservation and management policy,

such as the Ramsar Convention.98 Although the concept of wet-

lands wise use has developed from an ecological worldview,

more recent views suggest that this should involve adopting a

broader social-ecological worldview that includes social values.

A social-ecological view of wise use requires the abiotic (phys-

ical components), biotic (biological components and processes),

and resource user (individuals and communities that interact

with the abiotic and biotic) variables of wetland character to be

managed.98 The scheme would have to be financially viable,

requiring reasonably stable income sufficient for covering the

costs of restoring and maintaining desired ecosystems. Estima-

tion of service delivery would need to be reliable and credible;

and the scheme would need to ensure it is socially and culturally

acceptable in the jurisdiction in which it exists.31,39 Early identi-

fication of values and objectives would be necessary to effec-

tively and efficiently deliver outcomes that meet stakeholder

expectations. The scheme may require strong indigenous part-

nership and community engagement to ensure the values, ob-

jectives, and projects are well informed and socially viable.31,39

The objectives, guided by values, would need to recognize that

not all wetlands provide the same services and allow for trade-

offs in service provision. Restoration activities would need to

be high quality and maintained in the long term to ensure

continued service provision.

Recently, Costanza et al.97 proposed thinking of ecosystems

(natural capital) as common property, given that many

ecosystem services are non-excludable and/or non-rival, and
proposed that ecosystems are more effec-

tively managed through CATs. A typical

trust involves trustees managing assets

on behalf of specific beneficiaries. In the

context of ecosystems, a CAT would be a

collection of agreements, institutions, and

funds that sustainably manages ecosys-

tems (assets) for their benefits (i.e., for

delivery of ecosystem services). The im-

plementation of CATs could have multiple

benefits, including: having well-estab-

lished legal mechanisms, with conflict

resolution procedures; being objective-

focused; permitting flexibility in the inves-

tors and investment decisions, enabling

investment inmultiple ecosystem services;

flexibility when dealing with existing prop-

erty rights by being able to support a mix

of property right regimes; allowing a coor-
dinated framework for strategic planning; providing a platform

for high levels of collaboration; and supporting administrative

and transaction efficiency.97 In the context of wetlands restora-

tion, a CAT (in contrast to individually managed projects) could

manage multiple individual projects under a single unity to effi-

ciently and strategically achieve landscape-scale objectives

(Table 1), whereas individually managed projects would likely

be ad-hoc and not benefit from the economies of scale.

While CATs present many benefits, the largest downside, as

with any new cooperative institution, establishment may be hin-

dered by resistance from vested interests who must be

convinced that the new system will be broadly beneficial.99

Effectively mitigating this risk will inevitably rest heavily on the

ability of the CAT to practice deliberative democracy, inclusive

policy-making, and identify the communities’ values and goals

comprehensively early on.

Schemes that focus on wetland restoration could benefit from

using a CATs approach, similar to the LAWF and habitat stamp

schemes, whereby wetlands are considered as common assets,

rather than as providers of independent privitizable services.

Here, we outline aWetland Investment Fund (WIF) scheme struc-

ture that aims to: (1) drive large-scale wetlands restoration at

multiple locations; (2) operate as an effective CATs, consistent

with Costanza et al.’s97 eight guiding principles (which are based

on Ostrom’s social-ecological systems approach100); and (3) to

either avoid, remedy, or mitigate the challenges observed in ex-

isting non-wetland focused PES schemes (Figure 1; Table 1).

WIF
AWIF, functioning as a CATs, would aim to maximize the overall

return of ecosystem service flows, both monetary and non-mon-

etary, arising from a portfolio of wetland restoration projects (i.e.,

ecosystem service return on investment from wetland ecosys-

tems; Figure 2).101 Akin to a conventional managed fund, the
One Earth 4, July 23, 2021 943
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Wetland developers
Who: Land owners (both freehold and traditional/indigenous owners), project managers, restoration agencies.

Role: Propose and create wetlands for payment. Competes in a reverse-auction process by submitting proposals prepared in line
with the trust fund guidelines. Restore or create wetlands as per accepted specifications and reports on required monitoring.

1. Provide a one-stop-shop for funders and developers to provide and access wetland restoration funding;
2. Show-case fund performance to perspective funders using evaluations from the scientific support group;

3. Operates reverse auctions, or similar, to select and subsequently invest, in the most cost-effective restoration proposals;
4. Regularly consult with funders and local communities when setting objectives to better reflect local and changing circumstances;

5. Actively engage potential wetland developers;
6. Disseminate guidance on desired location and design of restored wetlands for developers (e.g., panel (A) suggesting potential

locations for effective water quality treatment while minimizing loss of sugarcane in North Queensland, Australia);
7. Manage covenants to ensure permanence of restored wetlands;

8. May register environmental offset credits and allocate these among investors, and/or operate eco-label schemes for products and
services.

9. Advocate for the protection and improvement of freshwater habitats.

Wetland investment trust fund governance group
Who: Representatives of indigenous/traditional owners, scientific support representatives, and an independent panel with expertise in

environmental management and wetland restoration.
Role: Seeks to maximize the overall return of ecosystem services.

Indigenous/traditional
owners

Who: Local
traditional/indigenous owners
Role: Provide strategic and

practical guidance on cultural
and other relevant values, how
to incorporate and provide for 

those values in restoration
projects, and provide guidance

on measuring the cultural
health of wetlands. Where
appropriate, have an active

role in restoration and
monitoring work.

Scientific support
Who: Local university/research
institute with wetland expertise.

Role: Provide strategic
guidance on restoration (e.g.,

panel A), evaluate overall
performance using indicators

and as final ecosystem service
values (e.g., panels B & C),
audits on-ground monitoring,

manage data, run training
workshops for developers, and
carry out supporting research.

Investors
Entities who invest in the fund, based on fund performance and plans, to profit (either directly or indirectly) from the provision of

ecosystem services.

HarvestCulturalWater quality Health& wellbeingCarbon sequestraƟon Biodiversity Non-harvest recreaƟon

Funds Dividends & Benefits

Payments Wetlands

A

C

B

Integrated ReporƟng
Wetland fund performance

(legend on next page)
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WIF could accept investment from multiple investors and invest

in multiple wetland restoration projects that support multiple

scheme objectives,101 with any benefits arising from the portfolio

returned to investors as ‘‘dividends’’ either directly (where

excludable and rival) or indirectly (where non-excludable and/

or non-rival). For directly apportionable services, investors could

choose whether to take their share of any credits generated or

the proceeds from the sale of their credit share on a trading mar-

ket. For example, an airline investor may wish to use their share

of carbon credits generated to offset their greenhouse gas emis-

sions, while a finance manager may seek payment from the sale

of their share of carbon credits, and a conservation investor may

wish the proceeds of their carbon credit share to be invested

back into the fund. Under a WIF, fund managers (i.e., the

trustees) would have the flexibility to invest in either individual

restoration projects that capitalize on the provision of a single

service (e.g., improving water purification), or others with multi-

ple complementary objectives, which then collectively increase

the overall value of ecosystem services flowing from the portfolio

of wetland restoration sites (Figure 3). A local scientific/technical

support agency could provide strategic guidance on restoration

activities and assess the overall fund performance, based on

both intermediate and final ecosystem services.102

TheWIF could disburse payments to project developers (those

restoring wetlands) using a reverse-auction format. Reverse

auctions have been shown to deliver greater cost effectiveness

for the delivery of other conservation and wetland restoration

programs than uniform payments.105,106 Reverse auctions are

where individuals/organizations submit a bid for the minimum

amount they are willing to accept to undertake a wetland resto-

ration project. Bids are then ranked based on the ecosystem

service provision generated by the project and the bid

amount.105,106

The WIF’s funding would come from investors who seek divi-

dends from one or multiple ecosystem services generated by

the portfolio of restored wetlands. Fund performance, in terms

of trends in the ecosystem services return on investment, would

attract new investors (Figures 1–3). Investors interested in single

ecosystem services, such as airlines seeking carbon abatement,

may choose to invest based on historical performance, and

anticipated (but not guaranteed) future improvements based

on restoration plans for their focal service (e.g., trends in esti-

mated CO2 equivalent abated). Additional complementary bene-

fits generated (e.g., improvements in water quality, fisheries,

tourism, or mental health) could be also be acknowledged in

investor marketing, via integrated reporting,107 to demonstrate

the broader societal and environmental benefits generated

compared with those initiatives where only one service improves

(e.g., technological carbon offset projects).

WIF roles and responsibilities
Elements/components of a successful WIF would include those

typical for trust funds.97,100 A fund management group (or board
Figure 2. A proposed wetland restoration investment fund with entitie
Hypothetical information for demonstration purposes. (A) Mapping exemplifying g
desired service (e.g., DIN removal across the Great Barrier Reef catchment byWa
be reported to investors, such as the performance in providing (B) final and (C) in
codes for final ecosystem services.104
of trustees), and their supporting staff, would need to be estab-

lished to manage the investment fund and be responsible for

fund performance (i.e., increasing the overall return of

ecosystem services on investment over time; Figures 1 and 2;

Note S14). The group should include representatives from all

stakeholders, including indigenous peoples, community, indus-

try, and technical advisory, each committing to transparency

and neutrality, with members focused on setting and achieving

the WIF’s objectives.48 Although it can take time, practicing

deliberative democracy and inclusive policy-making and pro-

gramming is necessary for building trust, increasing participa-

tion, reducing stakeholder fatigue when consultation processes

are bloated or ill-informed, and improving decision-making when

stakeholders are divided or polarized.108–110 Building trust and

social capital is critical for building trustworthy institutions such

as CAT.99 Solving environmental issues is not only reliant on

technical analysis, but also reliant on knowledge of societal

functioning, stakeholder communication, and how activities are

carried out and regulated, which all benefit from deliberative de-

mocracy.111

Roles of the fund management group would broadly include

strategic planning, scheme operation, information dissemina-

tion, and advocacy. The group would identify values and resto-

ration objectives (including regular consultation with stake-

holders and local communities) and provide a one-stop shop

for stakeholders, enabling the bundling of funding from multiple

sources and reducing administrative burden.31,72 The group

would be responsible for show-casing fund performance to

attract funders and then investing funding (via reverse auctions)

into restoration projects that are likely to increase ecosystem

services flows and support the group’s agreed objectives.

Where possible, the group would register any credits available

(such as carbon credits) and permit and collect royalties from

commercial activities (such as tourist operators), and dissemi-

nate these as dividends back to investors.

To ensure permanence of the wetland portfolio, the group

would instate covenants and other site-specific property right

agreements, set and maintain policy on assessment methods

and reporting standards, and advocate more broadly in the

best interests of protecting the assets (Figures 2 and 3; Note

S14). This would include advocating for the protection and

improvement of catchment and freshwater management to

ensure external activities do not compromise the ability of the

wetland portfolio to deliver ecosystem services (Figures 2 and

3; Note S14).

Supporting the WIF would be a local scientific/technical sup-

port partner, which may include a university, research institution,

or consultancywith reputable wetland expertise. The local scien-

tific/technical support partner would need to provide technical,

strategic, and practical guidance regarding identification of

values, the design and placement of wetlands for maximal deliv-

ery of the desired ecosystem services (e.g., using modeling or

other analyses, such as multi-criteria analysis; Figure 2; Note
s, roles, and their relationships
uidance on strategically locating potential wetlands to maximize provision of a
ltham et al.103). (B and C) Examples of potential performancemetrics that could
termediate ecosystem services. Numeric codes within (B) are the NESCS-Plus
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Figure 3. A hypothetical portfolio of wetlands, each wetland supporting a range of different ecosystem services depending on their type,
design, and location
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S15).73 They would also be responsible for training wetland as-

sessors, auditing their assessments, maintaining a database of

the extent, condition, and function of the wetland portfolio, and

providing regular ecological, social/cultural, and economic as-

sessments of the portfolio performance to the fundmanagement

group. Portfolio performance should report on delivery of both

intermediate and final ecosystem services,102 as well as any

other relevant indicators desired by the fund management group

(Figure 2; Note S15). Where appropriate, local indigenous/tradi-

tional owners would have an active role in incorporating tradi-

tional environmental management, values, co-designing and

delivering wetland restoration and maintenance, and assessing

wetland performance.

Governments would be central and interacting with all groups

(Figure 2; Note S16). To minimize leakage and help ensure addi-

tionality, government agencies would need to legislate and

enforce a ‘‘no net loss of wetland extent and condition’’ policy.

To help demonstrate additionality, leakage minimization, and

permanence, governments would also need to develop and

manage a broader wetland monitoring and accounting system

for tracking wetland extent and condition. Governments could

also support schemes by providing funding (directly or from Pi-

gouvian taxes), recognizing investment in the fund in offset legis-

lation, ensure legislative mechanisms are adequate for effective

CATs functioning, and streamlining environmental approval

pathways for wetland restoration projects (Figure 2; Note S16).

Investors enable the continued operation of a WIF. They vary

the number of individuals, organizations, and companies, and

the diversity of purchasers’ changes.112 Table S2 lists potential

groups of investors and the ecosystem services theymay desire.
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Investors become beneficiaries of the trust by purchasing non-

refundable, but transferable, units or credits. Investors receive

‘‘benefits in the form of annual dividends’’ arising from the

ecosystem services generated by their investment. Where

excludable credits are registered, such as carbon or nutrient

credits, investors would receive these as dividends (or cash

when sold on their behalf), which could be used to offset their or-

ganizations’ activities.

Royalties collected from commercial use of portfolio wetlands,

or from property developers/insurers seeking strategic wetland

placement for property protection, could also be returned to in-

vestors as dividends or reinvested back into the WIF (if the

investor desires). Investors will also benefit more generally, or

indirectly, from the provision of non-rival and difficult-to-exclude

services. Investors would be able to examine the fund perfor-

mance and plans, most likely in terms of the ecosystem

service(s) they are most interested in, and make investments ac-

cording to their ability, requirements, and/or desired return on

investment. In addition to dividends, the WIF may also create

eco-labels or certificates, such as those used/issued by Salmon

Safe (Note S17), to attract and recognize large investors thatmay

wish to convey social and environmental responsibility.

The investment providers, or project developers, may be land-

owners (freehold, indigenous/traditionalowners,oranaggregation

of landholders) or consultants/managers working on their behalf.

Project developers propose and create wetlands for payment,

competing with one another for funding via a reverse auction.

Proposals should not only include wetland creation, but also

monitoring and long-term maintenance of the wetland. If

accepted,developersare responsible formanaging theon-ground



Table 2. Key differences between market-based schemes and common asset trusts for facilitating the management of wetland

ecosystem services

Feature Market-based schemes Common asset trusts

Community values Often focused on the value of a single

ecosystem service, this may affect

community buy-in if it detracts from other

non-scheme values.

Facilitates the inclusive identification of

community values, necessary to achieve

outcomes that build and maintain a social

licence.

Objectives Markets operate efficiently to allocate

resources for producing goods and

services that are both rival and excludable.

When focusing on single ecosystem

services that are rarely rival and excludable,

artificial markets need to be created and

upheld by regulators or governments. Such

situations frequently suffer market failure,

resulting in non-optimal outcomes,

resulting in problems, such as perverse

incentives, conflicts between goals, and

failure to adequately manage trade-off

decisions.

High flexibility allows multiple objectives on

the provisioning of any and multiple

services as can also accommodate non-

rival and non-excludable services across a

portfolio of wetlands.

Decision-making and stakeholder

participation

Typically participate as traders, with little

role in scheme management, may be

involved if there is consultation during

development. Decisions usually made by

Government or a private entity.

Managed by a board of trustees that can

include stakeholder representatives, and

practice deliberative and inclusive

democracy to navigate value trade-offs.

Can leverage off well-established legal

mechanisms for dispute resolution

surrounding trusts.

Transparency Transparency is often limited as trading a

single service reduces the number of

stakeholders involved that have direct

access to information.

Transparency is embedded as the board of

trustees is highly inclusive with multiple

stakeholders that have direct access to

information.

Financial viability Rests heavily on performance in supplying

(typically) a single ecosystem service. The

combination of uncertain wetland

performance in service delivery, and being

vulnerable to low and volatile trading prices,

make investments risky.

The ability to attract funding from multiple

public and private sources for providing

multiple services across a portfolio of

wetlands, and the flexibility to invest either

the principal or interest from pooled funds,

both provide a buffer against the

underperformance of revenue from

providing a single service.

Environmental assessment, administration,

accounting, and transaction costs

Assessment and administrative burden can

be high as payments rely entirely on the

delivery of a single service, requiring time-

consuming and expensive assessments

seeking a high level of estimate certainty

from ecosystems that are naturally highly

variable and uncertain. Difficult to ensure all

assessments are of equivalent quality.

Often lack robust environmental accounting

and database management.

Has flexibility to use wetland indicators that

indicate the performance in delivering

multiple services. Assessment,

administration, and accounting can all

benefit from the economies of scale

achieved by having one body overseeing

multiple wetlands. Having a dedicated

scientific partner allows for continued

refining of metrics, consistent training, and

quality control, and a central database

manager.
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construction, including identification of suitable sites, wetland

design, organizing staff and machinery, partnering with volunteer

organizations, assessment and reporting, and liaising with the

fund management group and government. Project developers

may design and assess wetlands internally, but assessors would

require training, approval, and all assessments would be subject

to audit against the provisions agreed by the local scientific/tech-

nical support partner (mediated by the WIF).

In summary, we have outlined challenges for large-scale

wetland restoration using existing PES schemes. We present
an alternative PES scheme framework, based on CATs, that

could facilitate much-needed large-scale wetland restoration

(Table 2). The common challenges identified include achieving

financial viability, establishing credibility, and ensuring social

acceptability. As a way forward, we propose that future PES

schemes fund wetland restoration using an investment trust

fund approach that aims to build a portfolio of wetlands across

the landscape that maximizes the overall provision of ecosystem

services (Figures 1, 2, and 3).101 The trust fund would act as

a single point of contact for all participants, simplifying
One Earth 4, July 23, 2021 947
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administration and compliance monitoring for wetland devel-

opers, allowing for strategic planning of wetland restoration,

and bundling of multiple funding sources to ensure wetland pro-

jects are viable. Fund managers could have the flexibility to

invest in wetlands designed and positioned appropriately to sup-

port the suite of ecosystem services. Investors could make in-

vestment decisions based on the fund’s performance in terms

of the ecosystem services they desire. As the wetlands would

be common assets, the investors would have a sense of owner-

ship (helping with security and community acceptance) and be

beneficiaries of all ecosystem services provided. A local scienti-

fic/technical support partner, with local network connections

and trust among community, businesses, and government,

could support the scheme by evaluating performance, providing

guidance on restoration design and spatial planning, running

workshops, and developing streamlined assessment methods.

Governments could provide the enabling conditions for the

scheme through broader environmental protection and environ-

mental accounting legislative requirements. We consider that

such a scheme will lead to greater wetland protection and resto-

ration, one of the world’s most service-rich, yet threatened, eco-

systems, by being robust, efficient, easily accessible, credible,

effective, and wetland focused.

SUPPLEMENTAL INFORMATION

Supplemental information can be found online at https://doi.org/10.1016/j.
oneear.2021.06.006.
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