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Abstract

Decades of research and politics have led to a coherent set of biodiversity metrics and strong
evidence that biodiversity supports human well-being. So why do we not have a financial system
that encourages conservation and restoration of nature? We argue that a central reason is that
the financing used has not been aligned with the spatial and temporal structure of biodiversity.
Ecosystems are ‘local’: strongly shaped by the propagating consequences of interactions through
time and across space, such that measuring or predicting biodiversity in any one region requires
context from nearby regions and prior ecological processes. Not all financing methods are local, and
joint biodiversity-finance approaches that do not account for ecosystems’ locality cannot succeed.
This mismatch helps explain why biodiversity crediting markets face persistent design problems,
and why advances in monitoring or Al, while valuable, cannot by themselves resolve the challenge.
We therefore argue for a World Biodiversity Organisation that would act as a bridge between
ecological and financial systems, ensuring that biodiversity’s locality, non-fungibility, and process
time-horizons are respected. Drawing on case studies of finance-based interventions, we outline
the modifications to existing frameworks that would be required to couple financial and ecological
systems.

Impact statement

Despite the well-established financial and societal impacts of global biodiversity loss, we have yet
to develop financial architectures capable of prioritising nature conservation and recovery at scale.
We argue that an important reason is a mismatch between the spatial and temporal structure
of ecological systems and the way biodiversity finance is often structured. This means that any
one approach, such as biodiversity crediting, is unlikely to be sufficient unless it is embedded
in frameworks that preserve ecological context. We outline a new, global organisation—a World
Biodiversity Organisation—that would address these challenges and unlock the potential of financial
systems to address the biodiversity crisis.



62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

7

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

104

105

106

Main text

Biodiversity is essential for people and economies, with strong evidence that it underpins key ecosys-
tem services that we rely on, providing food, water, and health (Dasgupta, 2021; Diaz et al., 2019;
IPBES, 2024; Kumar, 2012; Pimentel et al., 1997). This makes the ongoing loss of biodiversity
a global crisis (Diaz et al., 2019). In response, the creation of organisations and frameworks to
address the challenge of biodiversity loss (e.g., the Intergovernmental Science-Policy Platform on
Biodiversity and Ecosystem Services (IPBES); see Diaz et al., 2015) has led to the development of
targeted road-maps and plans (e.g., the Kunming-Montreal Global Biodiversity Framework (KM-
GBF), reviewed by Hughes & Grumbine, 2023) and a coherent set of biodiversity metrics that
can be applied in almost any ecosystem (e.g., Pereira et al., 2013). These impressive efforts have
achieved a great deal, but there are still concerns that the pace of change is insufficient to stop, yet
alone reverse, current biodiversity loss (Leclere et al., 2020).

Governments have been quick to identify the importance of biodiversity (and in particular ‘natural
capital’; Dasgupta, 2021), but many countries, particularly those with large regions of intact ecosys-
tems, lack the resources to preserve nature in the short-term. Given current national budget deficits
and debts (International Monetary Fund, 2024), ongoing external stressors such as wars, and grow-
ing impacts from climate change (Portner et al., 2023), it seems unlikely that governments will have
greater resources to spend on biodiversity in the near-term. Financial frameworks, by leveraging
private resources, are seen as a potential solution to these issues (Flammer et al., 2025; Karolyi &
Tobin-de la Puente, 2023; but they are not a silver bullet; see Kedward et al., 2023). Financial
instruments (summarised in table 1) and institutions offer complementary, potentially faster-paced,
ways to preserve biodiversity in comparison with traditional, governmental conservation actions
alone.

To incorporate biodiversity into financial decision-making, frameworks such as the Taskforce on
Nature-related Financial Disclosures (TNFD; reviewed by Irvine-Broque & Dempsey, 2023) have
been developed to provide guidance on assessing and reporting nature-related dependencies and
impacts. The uptake and enforcement of these frameworks is beginning to be recognised but remains
limited (Guo et al., 2026; Nedopil, 2023). This is partly because, unlike carbon, biodiversity lacks
established markets and universal pricing strategies or regulations, restricting financial incentives
for its protection (Tedersoo et al., 2024). A key barrier has been the question of how to measure
biodiversity: on the one hand, biodiversity researchers have long argued that there is no one metric
of biodiversity (Magurran, 2021) and so there should never be a single policy metric (Purvis, 2025).
As a result, they have instead provided a suite of potential metrics to be used in concert (Pereira
et al., 2013). On the other hand, financial actors need a universal, reliable, and trusted method of
biodiversity measurement to form the backbone of a market (Lucey et al., 2025).

Here, we argue that current approaches to integrating ecology and finance have a fundamental,
conceptual flaw: they do not recognise that they operate across distinct spatio-temporal scales.
There are, already, excellent reviews of biodiversity theory (e.g., Purvis & Hector, 2000), and
excellent reviews of biodiversity finance for the non-specialist (e.g., Carter et al., 2026). Yet, despite
this, we have not achieved meaningful integration across biodiversity and finance; for example, it
has been known for decades that biodiversity is not fungible, but this has not stopped financial
practitioners and academics acting as if it were (Wunder et al., 2025). Here we move beyond
reviewing historical trends and instead frame the fundamental concepts of biodiversity and finance
in a way that makes sense to members of both disciplines, in order to outline an approach to address
the biodiversity crisis. We begin by describing the unifying, conceptual framing that ecological
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systems are ‘local’ in a way that financial systems must recognise. Having established this, we argue
for the existence of a World Biodiversity Organisation whose structure is designed to overcome this
conceptual barrier of locality and so bridge financial and ecological systems.

A biodiversity framework that supports financial theory and practice

We begin by reviewing fundamental biodiversity theory, providing a shared framework that enables
everyone (including non-specialists, such as financiers) to understand core issues with defining and
measuring biodiversity. Biodiversity scientists are rarely interested in the absolute value of an ob-
served biodiversity sample at a single place and time. Rather, they are interested in how biodiversity
varies across time and space, and how that variation can be used to understand underlying ecosys-
tem processes and states (Chave, 2013; Levin, 1992). Different biological processes—interactions
among individuals, environmental forcing factors, and evolution—are expected to be detectable at
different spatio-temporal scales (figure 1; Cavender-Bares et al., 2009; Weiher & Keddy, 1995).
Importantly, this spatio-temporal mapping is not controversial in biodiversity science, and it is
expected that processes that operate across broader spatial scales will also operate across broader
temporal ones. Entire sub-fields, such as eco-evolutionary dynamics, have been created for the fas-
cinating edge cases of this relationship, such as when evolutionary processes traditionally thought
of as operating across broad spatio-temporal scales are detected at finer ones (Pelletier et al., 2009).
Similarly, while ecologists seek out cases where processes seem to operate similarly across spatial
or temporal scales, these cases are exceptions and have serious conceptual and empirical caveats
that represent the frontiers of current research (Newman et al., 2019). Mismatches between the
scale at which ecosystem services are delivered or studied, and the scale at which social science is
conducted, are known to induce difficulties in planning, and are also a major focus of empirical and
theoretical study (Scholes et al., 2013). Thus biodiversity is inherently local: it operates and exists
across well-defined spatial and temporal scales.

Recognising this spatio-temporal framework allows the biodiversity researcher to make intuitive
decisions about the data required to understand their study system. To forecast the biodiversity
of a 1m? patch of grass at Silwood Park (UK) in a year’s time, we would hope to have data on
nearby (within 100m) sites from which seeds could disperse, the biodiversity and climate of the last
two years (to establish a baseline), and climate forecasts for next year (to inform prediction). It is
perhaps intuitive that to forecast a million years into the future would require data from greater
distances away (as there is more time for dispersal of distant species), from further in the past
(to establish a greater baseline of expected variation), and of different kinds (e.g., genetic data, to
account for possible evolution). What is less intuitive to the non-specialist, and that this framework
shows us, is that modelling biodiversity across broader spatial scales also requires broader temporal
scales. As we move across space, we move across lineages (species) that have been isolated for longer
periods of time and so have evolved for longer and so differ in ways for which we must account.

A significant part of the current paradigm of coupled financial-biodiversity systems based on widely
accessible markets depends on the development of a global crediting framework. This is challenging
because a global financial market requires a universal measure of value. The local nature of biodi-
versity means that there are, in essence, multiple markets that have been expanding, contracting,
and exchanging across millions of years, each with separate value systems. Biologists call the rich-
ness of an ecosystem ‘a-diversity’ and the differences among ecosystems ‘S-diversity’ (Magurran,
2021); both of these components induce different challenges for financial markets. a-diversity is
measured in different ways in different ecosystems, and there are not even rules of thumb for what
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an appropriate value is (e.g., more species is often better, but degraded systems are often hyper-
diverse; Pearse et al., 2018). There are also no short-cuts to assessing ecosystem state: it is rare for
the presence of a particular species (e.g., an ecosystem engineer) to reliably indicate an ecosystem’s
health but, even where such species do exist, they must laboriously be found for each ecosystem
and each region (Lindenmayer & Westgate, 2020). [-diversity means that financial systems cannot
treat the loss of one habitat (e.g., a forest in Borneo) as equivalent to the gain of another (e.g.,
a forest in England): distinct ecosystems are not fungible (exchangeable; Wauchope et al., 2024;
Wunder et al., 2025).

Markets that do not account for the local context of ecological systems will generate financial ‘per-
sistent mispricing’. We use ‘ecological arbitrage’ as shorthand for this: ecologically non-equivalent
assets are forced into exchangeable accounting categories, allowing financial gains but ensuring eco-
logical losses are local, under-valued, or entirely external to the market. Unlike standard financial
arbitrage, where price discrepancies are traded away, price correction cannot occur in ecological
arbitrage because the claims being compared are not ecologically equivalent (not fungible). In the
financial world, arbitrage is normal and part of a healthy financial system, but because biodiversity
is not fungible, reliance on arbitrage causes difficulty. Unless checked, this process will shift benefits
elsewhere within the market while leaving ecological losses concentrated locally, reinforcing both
biodiversity decline and social inequality. In that sense, it is a telecoupled commons problem, with
cross-border spillovers, unpriced externalities, and weak collective governance (Hardin, 1968; Liu
et al., 2015; Perrings et al., 1992).

Ecological arbitrage is a problem of market price formation, and is therefore distinct from, though
informed by, the large and well-established literature on environmental valuation. For decades,
environmental economists have estimated nature’s welfare value using theoretical ‘shadow prices’ for
policy appraisal and natural-capital accounting (Costanza et al., 1997; Dasgupta, 2021; Freeman I1I
et al., 2014; Kumar, 2012). Biodiversity finance, however, addresses a different issue: how financial
markets actually price, structure, and trade ecological risks and assets (Flammer et al., 2025; Karolyi
& Tobin-de la Puente, 2023). This distinction is critical because shadow prices are calculated on
paper, not traded on exchanges; they lack a market mechanism to prevent real-world financial
mispricing. Even advanced natural-capital asset pricing models (Fenichel & Abbott, 2014; Fenichel
et al., 2016) yield accounting figures tied to local regimes rather than market-enforced prices. This
economic literature provides independent support for our argument, in that the well-documented
difficulty of ‘benefit transfer’ (applying a value estimated at one site to another; Johnston et al.,
2015) is simply environmental economics discovering that nature’s value is strictly local and non-
fungible.

In our experience it is common for the non-specialist to be certain that there is a technological so-
lution to the problem of defining, and so measuring, biodiversity. Yet the need for spatio-temporal
context reveals that, even if Al and other technological advances deliver on their promise of near-
constant, global biodiversity monitoring (Allan et al., 2018; Besson et al., 2022; Perry et al., 2022),
such monitoring will be insufficient to address the challenges of biodiversity loss. We do not doubt
that biodiversity monitoring and assessment are undergoing transformative improvement, partic-
ularly in remote sensing (Converse et al., 2024; Willis, 2026) and high-throughput measurement
(Lawson et al., 2025), despite practical challenges (Besson et al., 2022; Keitt & Abelson, 2021;
Stephenson, 2020). We are optimistic that blockchain technology will make it easier to verify,
track, and so reward progress towards many sustainable development goals, including the restora-
tion of biodiversity (Thanasi-Boge & Hoxha, 2025). But faith in technology should not be allowed
to create a false sense of security by importing assumptions from finance, where short-term pre-
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dictability is possible, into local ecosystems defined by complexity, uncertainty, and a dependency
on historical context. New technologies will give even more robust forecasts of ecosystem health
when they are grounded in the context provided by historic long-term datasets, natural history
collections, or deep-time evolutionary information (Barak et al., 2016; Pyke & Ehrlich, 2010; Rick
& Lockwood, 2013; Willis & Birks, 2006; Willis et al., 2007).

A World Biodiversity Organisation would integrate biodiversity and fi-
nance

Biodiversity finance needs to take into account the locality of ecological systems by appropriately
structuring contracts and information transmission. Many financing methods are, of course, local
in the sense that they rely on local information and context (see Allen & Gale, 2000). The first
formal institutions for finance were banks, which have been around for thousands of years and were
initially very local. Banks raised money through deposits and lent money to businesses and families;
depositors did (and still do) have little knowledge about loans that were made. Over time, banks
have become larger and more spread out geographically, but most loan decisions remain based on
local information. Institutions would later develop into what today would be called over-the-counter
(OTC) markets (reviewed by Duffie et al., 2005). These were physical gathering places, such as
the Rialto Bridge in Venice or the coffee houses of London, where dealers bought and sold financial
securities (e.g., bonds and shares) at price markups sufficient to allow them to hold inventories and
make a living.

Many bond markets, particularly for corporate bonds, still essentially trade as OTC markets, but
later, institutions such as exchanges developed, an early example of which is the Amsterdam Bourse
(c. 1602). Crucial to the development of global exchanges was standardisation: prices were posted
across markets and so processes such as financial arbitrage could operate effectively. Markets’
dependencies on standardisation and potential for instantaneous trading are what drive the dis-
connect between financial and ecological systems (figure 1). Financial systems such as these that
do not share this spatio-temporal scaling are essentially ‘non-local’ (sensu Amico et al., 2008):
they are highly networked and capable of propagating valuation effects across space on incredibly
rapid timescales (Schwarcz, 2008), much faster and further than ecological processes. A transaction
executed in one market can affect prices, funding conditions, collateral values, and balance-sheet
constraints elsewhere. In our everyday lives, we all rely on local institutions such as banks, using
them to save, hold, and invest money on our behalf; such institutions are the bridges between our
local lives and non-local global markets. Ecosystems do not, at present, have such a bridge.

Because ecosystems are inherently local, there will be many different kinds of biodiversity prob-
lems to be solved, and the costs of assessing and addressing them will be large. Yet there are
cases where financial markets have driven successful, local, low-cost interventions (table 1). One
example is the World Bank’s outcome-contingent Rhino Bond, where investor returns are linked to
verified population outcomes over a multi-year horizon (reviewed by Medina & Scales, 2024). Some
insurance policies have also been successful; The Nature Conservancy (an NGO) worked with the
Mexican state of Quintana Roo to fund rapid reef and beach repair after events such as Hurricane
Delta (The Nature Conservancy, 2021). These cases do not show that biodiversity can be stan-
dardised into a deep universal market, but rather that bespoke (local) financial instruments can
work when the ecological objective is clear and can be monitored, and that an intermediary can
connect non-local finance to local implementation. Because such instruments are thinly traded, be-
spoke, and information-intensive, they are more naturally organised as OTC markets. The growth
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of the carbon market, despite ongoing issues with its auditing, has often been seen as a model that
biodiversity crediting could follow (Garcia & Moros, 2025; Sasaki, 2025; Swinfield & Scott, 2025).
Indeed, the last decades have seen periods of progress and decline in crediting approaches such as
REDD+ (Reducing Emissions from Deforestation and forest Degradation; Duchelle et al., 2018) and
the EU’s Carbon Removals and Carbon Farming framework (CRCF; Giinther et al., 2024; Laktuka
et al., 2025; Vidal Morant et al., 2025). It is notable that, while there has been great progress in
standardising carbon credits and measurable units, for voluntary carbon markets where much more
information is required, OTC markets are used rather than global, centralised exchanges (Berg
et al., 2025). This is despite the fact that it is possible to make fungible units of COs-equivalents
for carbon-credits, unlikely biodiversity which is not fungible.

These examples show that instruments in biodiversity finance are highly variable, but this variation
is not random. The diversity of instruments in table 1 is driven by how easily ecological information
can be verified by outside investors. Where ecological outcomes are easily verified within a contract’s
timeframe, tradeable outcome-based bonds or parametric insurance are viable (e.g., the Rhino
Bond). Where outcomes are harder for outsiders to verify, funding shifts toward paying for specific
land-use practices (e.g., payments for ecosystem services) or regulatory frameworks (e.g., mitigation
banking). When biodiversity data are complex and unobservable from afar, finance requires a
trusted middleman (a ‘delegated monitor’) to conduct assessments on behalf of investors (Allen
& Gale, 2000; Diamond, 1984). Differences among the tools in table 1 in terms of risk profile,
suitability, and investor base are therefore not loose variation, but the predictable consequence of
how much local ecological information each structure must carry and how credibly that information
can be transmitted. This explains why effective biodiversity structures are currently bespoke and
intermediated rather than standardised on global exchanges, and it directly supports our central
proposal for a global institution that can serve as a delegated monitor for local ecosystems.

To date, the scale at which market-based financial interventions have been applied is limited in
comparison to the scale of the global biodiversity crisis (see table 1 and Waterford et al., 2024). It
is therefore useful to ask how finance is normally supplied when projects are variable and costly, as
is true of biodiversity. In most economies, capital is not raised through markets, but through inter-
mediaries such as banks and other financial institutions. These institutions exist precisely because
many investment opportunities are bespoke and information-intensive, and so not easily reducible
to standardised securities. Small and medium-sized enterprise lending depends on banks: loans are
typically bespoke and rely on decentralised judgements of borrower quality, local conditions, and
risk. Biodiversity opportunities are essentially the same: assessing the likelihood of success and the
return on investment requires detailed, expert understanding of the local ecosystem. If financial
institutions have, historically and successfully, acted as the intermediaries between non-local finan-
cial markets and local ecosystems, it seems reasonable that they should again be used to act as
intermediaries among global capital and local expertise.

Biodiversity finance requires an intermediary architecture beyond today’s mix of disclosure frame-
works, fragmented project finance, and voluntary crediting. A World Biodiversity Organisation
(WBO) is one possible model, particularly if understood not as a replacement for existing institu-
tions but as a coordinating and capacity-building layer. This model has been successfully followed
in other settings, such as The World Bank (World Bank Group, 2025), which successfully deals
with development issues, and the World Health Organisation (WHO; WHO, 2025), that focuses on
health in all countries (table 2). A WBO could be funded in a variety of ways much like the World
Bank, where there is a private sector arm, as well as philanthropic and government funding. Just as
the World Bank and WHO have a wide range of experts among their staff, the WBO would also have
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broad capabilities, covering biodiversity, socio-economic systems, finance, and the interplay between
them. Critically, just as banks act to manage the complexities of complying with financial policy,
investment decisions for stored wealth, and the safety of assets, the WBO would manage the com-
plexities of local ecosystem processes. By acting as a trusted intermediary, the WBO would work
with partners on-the-ground to ensure broader improvement in biodiversity, similarly to how the
WHO works with on-the-ground partners to share knowledge, expertise, and support public-health
policy. A WBO would not replace or overlap with the roles of organisations like the IPBES (Diaz
et al., 2015, 2019) or conventions such as the Convention on Biological Diversity (CBD; Chandra
& Idrisova, 2011): it would act as a trusted intermediary to facilitate financial transactions.

How a World Biodiversity Organisation would operate

The WBO would raise money through debt and other forms of financial leverage, just as the World
Bank does today (table 2). Investment from developed nations would then use these funds to support
biodiversity bonds and structures (of the kind described in table 1). As an example of the kinds
of financial instruments that could be used, the WBO could seek to organise, align, regulate, and
manage biodiversity crediting markets, to the extent these are possible (e.g., tradeable only within
designated regions) or desired. By acting as a broker, the problem of ecological arbitrage might
be entirely avoided by regulating of the distribution of biodiversity credits across ecosystems. The
WBO could leverage global capital and apply it within a series of local, ecosystem-centric markets.
Instruments like this would, in part, help raise funds to pay back bonds issued to fund the WBO.
This degree of oversight could support, rather than hinder, innovation and entrepreneurship by
providing an environment within which new approaches, such as tokenised tracking of ownership and
improvement in biodiversity (Thanasi-Boge & Hoxha, 2025), could be trialled and promoted.

The WBO could act as a technical body, supporting the efforts of conservation organisations and
playing a leading role in data collection and research (akin to the WHO; table 2) to support
its role. Biodiversity researchers are already calling for coordination of research (Urban et al.,
2026) and data collection (Gonzalez et al., 2026); the Global Environment Facility’s (GEF) Global
Biodiversity Framework Fund (GBFF; see below also) already exists to raise and distribute private
funds internationally. It would be difficult to argue that the missions of these ongoing or proposed
organisations would be more effective without careful communication and planning. The WBO
could not, and should not, attempt to oversee every aspect of biodiversity, but in carrying out
its finance functions it would necessarily house technical expertise, and could share that expertise
similarly to the WHO’s role. The story of the eradication of smallpox is the story of the WHO'’s
targeted, coordinated deployment of resources to surveil, contain, and then roll-out vaccination
programs against the disease (Henderson, 2011). Most would argue the scale of the biodiversity
crisis dwarfs the dangers of smallpox, and so to tackle the biodiversity crisis we need, at a minimum,
a similarly empowered organisation.

The WBO would delegate and co-ordinate, not supplant existing structures. The World Bank is
not the only major development organisation in the financial sector, and we do not propose that
a WBO would supplant or replace existing conservation groups. Economic development problems
are often regional in nature, and so there are many regional development banks. These include the
African Development Bank (AfDB), the Asian Development Bank (ADB), the Asian Infrastructure
Investment Bank (AIIB), the European Bank for Reconstruction and Development (EBRD), and
the Inter-American Development Bank (IDB). These examples highlight that financial institutions
are typically local: just like ecosystems, they have a defined spatio-temporal scope, allowing them to
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act as a bridge between financial and natural systems. A similar structure of multiple biodiversity
organisations would be desirable because biodiversity challenges vary in different parts of the world.
This hierarchical nesting of inter-connected organisations would match well to the local structure
and functioning of ecosystems and, notably, would match approaches recommended for biodiversity
measurement (Gonzalez et al., 2026). It would also allow for efficient and balanced commitments of
resources across ecosystems. As initiatives such as the Tropical Forests Forever Facility (reviewed
in Mendham et al., 2026) continue to gain traction, there is a danger that a new constellation of
funds and initiatives will have to re-learn hard lessons from past conservation programs. Funding
is often easier to gain for charismatic ‘flagship’ species (McGowan et al., 2020), and care has to be
taken to ensure that resources are allocated according to urgency, long-term priorities, and efficacy
(Bottrill et al., 2008) and not solely where flagship species are found. The WBO would coordinate
to ensure such an effective allocation of funds.

The WBO would carry out work and distribute funds, but it would not be the GEF or the GBFF.
The GEF, first established in 1991 as part efforts related to the 1992 Rio Earth Summit, is a
“financial mechanism for six multilateral conventions” (Global Environment Facility, 2026). One of
those conventions is the GBFF, which has raised over $386 million since its inception in 2023. The
effort and achievement of the GBFF has been enormous, impressive, and extremely important, but
we still have some way to go before reaching the KM-GBF Target 19 goal of mobilising at least $30
billion per year for biodiversity by 2030 (to put us on a path to recovery by 2050). The fundraising
model of the GBFF is based around direct investment, not loans and oversight as in our WBO
model, and as such the GBFF and the WBO could easily coexist. Perhaps most importantly, both
the GEF and GBFF are embedded within the World Bank, highlighting the clear and immediate
need for a financial institution that is devoted to biodiversity. The biodiversity crisis is so large
and important that an existing financial institution has stepped in to fill the breach, but clearly
this is not enough because the problem has not been solved. If we are serious about biodiversity
and its recovery, we need a financial institution dedicated to biodiversity rather than being forced
to retrofit the needs of biodiversity into existing financial structures.

A World Biodiversity Organisation could harmonise reporting standards
with ecological theory

The standards and frameworks that regulate how firms should measure, manage, and report their
impacts on ecosystems (e.g., TNFD) are at an early stage and are still open to refinement. When
framed in terms of local ecosystems and non-local financial markets, the problems with existing
frameworks are not necessarily their proposed metrics, but that many metrics are reported at levels
of temporal and spatial aggregation that are poorly aligned with the mechanisms by which ecological
harm propagates and recovery occurs (Levin et al., 2013). This makes it difficult to connect financial
disclosures to ecological processes, and therefore difficult to interpret reported values or to forecast
using ecological theory.

From the perspective of an ecosystem, many economic activities (e.g., felling a forest for timber) are
exogenous shocks. Reporting frameworks should therefore place greater emphasis on how ecological
systems absorb, propagate, and recover from such perturbations (Scheffer et al., 2009). At a mini-
mum, this requires attention to: (a) ecosystem condition before and after the perturbation, (b) the
duration and temporal pattern of the perturbation, and (c) the spatial scale over which the effect
propagates. Annualised reporting can still be useful for some purposes, but where perturbations
are local, pulsed, or state-dependent, annual averages can materially weaken inference and in some
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cases become misleading. This is different from climate reporting, where the externality is compar-
atively more global and cumulative. Even there, however, aggregation into COs-equivalent units
can generate distortions when gases differ in persistence, warming profiles, or reporting standards
are not harmonised (Biagini et al., 2026; Cenci & Biffis, 2025). If aggregation is already imperfect
in climate, the case for caution is stronger still in biodiversity.

We therefore argue that regulators in biodiversity finance should focus less on proposing new bio-
diversity metrics and more on how existing ecologically meaningful metrics are collected, time-
stamped, spatially located, and reported. A World Biodiversity Organisation would be able to
carry out this important work as a delegated monitor. For example, the Essential Biodiversity
Variables (EBVs; Pereira et al., 2013) provide a plausible starting point. The deeper difficulty is
often not the variable itself, but the reporting convention applied to it. Aggregated disclosure across
time, geography, or business segments can wash out precisely the local ecological context needed
for interpretation. Consider wastewater discharge. Volume and pollutant concentration are intu-
itive metrics, but the same measured discharge can generate very different ecological consequences
depending on whether it is released as a short pulse or continuously, whether it enters a resilient
or already degraded ecosystem, and whether downstream effects propagate only nearby or across a
wider hydrological system. The problem is not the metric in isolation: it is the loss of ecological
information induced by aggregation.

A World Biodiversity Organisation could solve the ‘dynamic inconsis-
tency’ problem of changing biodiversity priorities over time

A central difficulty in biodiversity conservation and restoration is dynamic inconsistency: the chang-
ing of policy over time such that earlier, optimal plans are abandoned in favour of shorter-term re-
wards. This problem is especially acute for biodiversity because ecological systems are slow-moving,
state-dependent, and partly irreversible, whereas political and financial decision cycles are short.
As a result, governments may commit to long-horizon conservation or restoration, only to weaken
standards later when fiscal pressure intensifies, political leadership changes, or the distribution of
costs and benefits becomes politically inconvenient. Private actors face a related commitment prob-
lem: investors and firms may support nature-positive strategies in principle, yet retrench when
short-term performance pressures tighten, biodiversity outcomes remain difficult to verify at the
pace demanded by markets, or the returns to ecological stewardship accrue too slowly to sustain
private incentives (Levin et al., 2013; Levin, 1998).

Incomplete contracting makes this problem more severe. Neither public regulation nor private agree-
ments can specify all future ecological contingencies, all relevant states of ecosystem degradation,
or all shifts in political, technological, and macro-financial conditions. Critically, delays that seem
modest in political or market time could push ecosystems toward states from which recovery is
slow, costly, or impossible. Biodiversity finance faces the challenges that complex adaptive systems
theory warns against: policy designed under linear, reductionist, or static assumptions will tend to
omit the very features that matter most for long-term management (Levin et al., 2013). In practice,
biodiversity finance is therefore exposed to a two-level commitment problem: within jurisdictions,
policymakers face electoral turnover and fiscal constraints; across jurisdictions, countries and firms
can defer effort, free-ride, or relocate ecological pressure elsewhere (sensu Putnam, 1988).

A WBO needs to be designed to maximise the planning horizon of the institution, and so its funding
should be long-term and very difficult to reduce. If possible, the WBO should have an endowment
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that allows it to operate independently of the funding institutions, at least to some extent. The head
of the institution should have a term that is longer than that of most of the sponsoring governments
and other institutions. Critically, by being grounded in Ostrom’s polycentric governance framework
(Ostrom, 1990, 2009), a WBO would not act as a top-down monolith, but as a coordinating layer
connecting nested regional development institutions with community stewardship.

Conclusion

The scale of the biodiversity crisis has never been greater, but never before have we had such
financial and political resources available to address it. Our goal here is not to suggest that the
ongoing and planned efforts to reverse biodiversity decline should be slowed, abandoned, or have
been poorly conceived. Instead, we highlight ways to diversify and increase the financial resources
we might use to address this crisis based upon careful, interdisciplinary assessment of opportunities
and challenges at the intersections of biodiversity and finance. There is clearly capacity within
the global community of researchers and market participants to consider more than one approach,
and we see no risk that considering complementary alternatives will somehow dilute efforts. As
a species, we have overcome global challenges such as smallpox and the hole in the ozone-layer,
but we have never done so through the actions of market forces alone. Perhaps now is the time to
extend our aim beyond markets towards a global, financial institution such as the World Biodiversity
Organisation.

11



Table 1: Candidate instruments for ‘investable biodiversity’. The table lists illustrative financial structures that can be tailored
to biodiversity projects with different process horizons and uncertainty profiles. For each instruments we list (a) market size, (b) typical
tenor (essentially the duration of the contract), (b) dominant risk profile (ecological, measurement, and policy risks), suitability for
biodiversity outcomes (including whether outcomes can be credibly measured within the contract window and, where feasible, tied to
performance-contingent payments rather than inputs or proxies), (e) typical investors, and (f) examples. We do not cover voluntary
carbon offsets marketed with biodiversity co-benefits as the carbon market is too large and varied, and we address it instead in the
main text. We note that Zhou and Almond (2026) reported market size of c¢. $2bn for such credits in 2021, projecting c. $50bn by 2030,
but found no systematic evidence of improved ecological quality across the credits. Other reviews of financial instruments that could
be used for biodiversity exist (e.g., Carter et al., 2026; Sravan & Mishra, 2024; Young & Castro, 2021); ours differs most by focusing
on risks as identified by the spatio-temporal framework we present here (i.e., related to ecosystems being local) and their time-horizon
(as is also relevant for our argument here relating to ecosystems’ locality in terms of temporal processes).

¢l

Instrument Size Tenor Risk profile Suitability Investors Example
(yrs)
Biodiversity Nascent. Allen et al. (2026) re- 1-30  High for measurement, perma- High only with credible Corporates, im- Various; reviewed by
credits port <$2m sold by 2024 but nence and policy. Potential low integrity rules; weak fit pact funds, spe- Croci et al. (2025a).
note that some estimate up to liquidity. Reviewed by Croci et for a fungible global cialised buyers
$5.9m; Waterford et al. (2024) al. (2025b) and Holmlund et al. market.
estimate $0.33-1.85m. (2026)
Offsets / mitiga- OECD  (2024) records 17 5-30 Equivalence, location, restora- Medium where equiva- Developers, Wetland mitigation
tion banking programmes in 9 countries, tion, and regulatory risk; lence rules are strict = mitigation banking (Robertson &
Vaissiere and Levrel (2015) liquidity  low/moderate & banks,  regu- Hayden, 2008)
estimate c. $6.3-9.2 bn/year program-specific (Levrel et al., lated entities
2017)
Payment for ¢. $10.1 bn/year. OECD 1-20 Contracting, targeting, moni- High for repeated local Governments, Various, @ many in
Ecosystem Ser- (2024) records 51 schemes in toring, and slippage risk; illig- incentives; weak fit for donors, NGOs, Costa Rica & Mexico
vices (PES) 28 countries; earlier (Perry & uid by design (Engel et al., capital-markets scaling DFIs (Engel et al., 2008;
Karousakis, 2020) work iden- 2008; Jack et al., 2008) Sims & Alix-Garcia,
tified 153 programmes in 37 2017)
countries.
Outcome-based Pilot-scale. Rhino Bond issued 3-10  Outcome, verification, and High if ecological Impact in- Rhino Bond (reviewed
conservation at $150m in 2022 (World Bank, model risk; bespoke structures outcomes are inde- vestors, foun- by Medina & Scales,
bonds 2022) with limited secondary liquid- pendently  verifiable dations, DFIs  2024)

ity (Thompson, 2023)

during contract

Continued on next page
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Table 1 — continued from previous page

Instrument Size Tenor Risk profile Suitability Investors Example
(years)
Parametric in- No robust biodiversity-only to- 1-5 Tail-event, basis, trigger, and High for rapid post- ILS funds, The Mesoamerican
surance tal; parent-market comparator counterparty risk; liquidity shock funding; indirect institutional Reef Insurance Policy
is global Insurance-Linked Se- varies with ILS conditions for long-run biodiver- investors, (Wharton, 2024)
curities (ILS), c. $48bn out- but is only moderate (Bill- sity recovery re-insurers,
standing at end-2024 (Reguero Weilandt et al., 2026; Reguero donors
et al., 2020; Swiss Re, 2026) et al., 2020)
Use-of-proceeds OECD (2025b) report $639 bn 3-15  Credit, execution, and report- Medium-high, weaker Pension funds, Seychelles  sovereign
green / blue in 2024, but biodiversity is a ing risk; public formats can be with strict biodiversity insurers, mu- blue bond (March
bonds and loans subset of broader labelled debt liquid, but biodiversity linkage attribution. tual funds, et al., 2024)
is indirect (Karolyi & Tobin-de banks, MDBs
la Puente, 2023)
Sustainability- OECD (2025b) reports $35bn 2-10  KPI calibration and verifica- Medium-high if ro- Public  credit Suzano sustainability-
Linked Bonds global corporate SLBs in 2024, tion risk; issuer credit risk; bustly linked to investors, linked securities
& Loans of which biodiversity are a publicly tradeable but biodi- biodiversity banks (Suzano, 2021)
(SLBs/SLLs) small portion versity link is often weak (An-
derson & Kish, 2024; De Mariz
et al., 2024; Feldhiitter et al.,
2024)
Debt-for-nature Large but infrequent; aver- 10-30 Sovereign, FX, political, le- High for long-horizon DFIs, sovereign Belize ($364m; The
swaps age deal c. $700m in 202024 gal, and governance risk; struc- funding with gover- investors, guar- Nature Conservancy,
(OECD, 2025a) tured and episodic, with low nance covenants antors, NGOs  2022) & Ecuador’s
secondary liquidity (Cassimon Galapagos Islands
et al., 2011; Nedopil & Sun, (c. $1.6bn; Inter-
2025) American Develop-
ment Bank, 2023)
Blended-finance Convergence (2024) records 7-15  Asset, pipeline, governance, High if vehicle inter- DFIs, endow- The Fund for Nature
vehicles 1,123 transactions totalling and exit risk; illiquid, depen- nalises monitoring and ments, family (Climate Policy Initia-
$213bn; biodiversity vehicles dent on patient and conces- management offices, impact tive, 2022)
are a small subset sional capital (Flammer et al., funds

2024, 2025)

Continued on next page
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Table 1 — continued from previous page

Instrument Size Tenor Risk profile Suitability Investors Example
(years)
Biodiversity- MSCI (2023) identifies 149 Open- Thematic concentration, tax- Low-medium for di- Asset man- Goldman Sachs Bio-
themed  listed funds with c. $60bn of assets ended onomy drift, and greenwashing rect additionality; agers, wealth diversity Bond Fund
funds as of Sep. 2023, including 15 / per- risk; listed wrappers may be stronger as allocation platforms, (Goldman Sachs Asset
pure-play funds with c. $1bn of petual liquid, but outcome linkage is wrappers than as local retail and Management, 2025)
assets. Goldman Sachs Asset weak and indirect (Flammer et biodiversity contracts institutional
Management (2025) described al., 2025; Goldman Sachs Asset allocators

a narrower c¢. $3.4 bn set in

2025.

Management, 2024)




a1

Institutional Feature GBFF IMF WHO World Bank WBO
Mandate Grant funding for International Establish global pub- Capital  invest- Bridge financial and natu-
KM-GBF targets monetary and lic health norms & ment & poverty ral systems
financial stability resolve emergencies  reduction

Operational Model

Financing Structure

Local
Role

Intermediary

Grants from partners

Voluntary donor

contributions

Low: relies on coun-
try submissions

Surveillance, pol-
icy coordination,
and conditional fi-
nancing

Member quotas
and lending facil-
ities

Medium: through
member-country
authorities  and
central banks

Technical standard-
setting

Member dues & ear-
marked donor funds

Medium: national
public health author-
ities

Capital-market
AAA Dbond is-

suance & loans

Global bond mar-
ket issuance

High: country
offices & regional
development
banks

Capital-market bond
leverage, OTC credit
oversight, & technical
standard-setting

Leveraged AAA  green

bonds & sovereign endow-
ments

High: nested regional
biodiversity institutions &
OTC markets

Table 2: Comparison of the models of existing organisations and a putative World Biodiversity Organisation (WBO).
Here we contrast the WBO with the Global Biodiversity Framework Fund (GBFF), International Monetaray Fund (IMF), World
Health Organization (WHO), World Bank, and the proposed World Biodiversity Organisation (WBO). The WBO’s operations would
seek to minimise friction at the interface between non-local finance and local ecosystems, in order to efficiently spend as much resource
as possible to reverse biodiversity decline and so safeguard human wellbeing.



time time
A

A& macro- A&

evolution

World
Biodiversity
environmental Organisation
filtering
national banks
- global
: |nd|vnd_ual financial individual
a interactions markets 0 actions
' » space , > space

Y 5 ® Y 4
(a) Current biodiversity-finance (b) Proposed biodiversity-finance

Figure 1: Biodiversity processes operate across a local spatio-temporal scale, while
current global financial systems are non-local. In (a), ecologists and evolutionary biologists
have long-recognised that biodiversity is structured by processes (green) that operate across different
scales of space (horizontal axis, measured in centimetres, kilometres, and hundreds of kilometres)
and time (vertical axis, measured in seconds, months, and (millions) of years; Cavender-Bares et al.,
2009; Weiher & Keddy, 1995). Current global financial systems (red), on the other hand, are non-
local: they can operate near-instantaneously across the entire planet. Our central argument is that
no coupled financial-ecological systems can be successful without acknowledging and accounting for
this difference. In (b), we show our proposal: a nested hierarchy of interventions that are operating
at the appropriate spatial and temporal scales of biodiversity.
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