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Executive Summary

Nature risk is emerging as a concern for the financial industry, yet the quest for robust monitoring
metrics remains a labyrinthine process. Financial institutions are increasingly aware of their dual
relationship with biodiversity—both as dependents on ecosystem services and as contributors to
biodiversity loss through their financing activities, yet despite growing guidance from bodies such as the
TNFD, the sector faces a lack of clear direction - leaving many institutions uncertain about how best to
measure and manage biodiversity risk. This report, supported by the Singapore Green Finance Centre,
seeks to clarify the current state of biodiversity footprinting tools, and to encourage a more holistic and
reflective approach to biodiversity risk management.

Biodiversity footprinting metrics, although imperfect, have moved the needle on biodiversity
monitoring. Currently dominated by MSA-based approaches (mean species abundance), the modelled
footprinting metrics are used to estimate the impact of corporations on biodiversity. However, the scientific
and practical limitations inherent in these approaches, uncertainty surrounding estimations, and the risks
of over-reliance on a single, imperfect indicator can potentially lead to unintended financial and ecological
outcomes.

We unpack the limitations of current corporate footprinting approaches' and propose some practical
solutions for improvement. The shortcomings can be analysed from several perspectives: an ecologist, a
modeller and a portfolio analyst:

¢ Oversimplification of Biodiversity: MSA focuses narrowly on species abundance, neglecting genetic,
functional, and ecosystem diversity. This reductionist approach risks missing key dimensions of
biodiversity that underpin ecosystem resilience and function.

¢ Uniform Baselines and Data Bias: The use of a ‘pristine’ reference state and generalised baselines
across regions can lead to imprecise and sometimes misleading impact estimates. Input data is often
geographically and taxonomically biased, with marine and tropical systems underrepresented.

¢ Modelling Limitations: Biodiversity footprints are modelled rather than observed, introducing
uncertainty and masking the complexity of real-world interactions. Key drivers of biodiversity loss -such
as resource use and invasive species -are often underrepresented, and models typically fail to capture
interactions between drivers.

e Attribution and Scope Issues: MSA is a state indicator, not an attribution metric. It describes the health
of an ecosystem compared to a pristine state but cannot reliably assign responsibility for biodiversity
loss to individual firms, especially in landscapes with multiple actors or legacy impacts. Inconsistencies
in the inclusion of value chain (Scope 3) impacts further complicate comparisons.

¢ Practical Pitfalls for Financial Institutions: Over-reliance on MSA can create a false sense of precision,
encourage superficial portfolio adjustments, and obscure meaningful improvements or deteriorations
at the company level. Discrepancies between data providers and the inability of MSA to capture local
mitigation efforts or sectoral nuances further undermine its utility.

We propose three stopgap measures to mitigate the shortcomings:

e Use with Caution and Publish with Transparency: Institutions should openly acknowledge the
limitations of biodiversity footprints, avoid using them in isolation, and communicate uncertainty (e.g.,
through confidence intervals) in both internal and external reporting.

e Supplement Modelled Footprints with Additional Data: MSA-based metrics should be complemented
with spatially explicit tools (e.g., IBAT, WWF Risk Filter), bottom-up significance assessments
(e.g., STAR, BIl), and, where feasible, observed data from field surveys or geospatial technologies.
Engagement with companies and targeted data collection in high-impact areas are encouraged.

e Strengthen the Link Between Biodiversity Impact and Financial Risk: To make biodiversity data
actionable, institutions must improve their understanding of how biodiversity loss translates into financial
risk. This may require more sophisticated scenario analysis, regulatory intervention, and the development
of standardised, sector-specific benchmarks.

"Many of these limitations apply to MSA-based tools as well as other biodiversity monitoring metrics. However, to avoid over-
complicating the analysis and to be able to offer specific insights, we chose to specifically focus our analysis on MSA.



In conclusion, while MSA-based biodiversity footprints have enabled financial institutions to begin
integrating nature risk into their decision-making, their limitations are significant and require action
on the part of financial institutions as well as regulators. It also represents an opportunity to lead for
Southeast Asia. Moving towards a “biodiversity footprinting 2.0” will require a blend of improved metrics,
regulatory leadership, and a commitment to transparency and continuous improvement. For Southeast
Asia, with its unique biodiversity and economic dependencies, there is an opportunity to lead in developing
robust, regionally relevant solutions.



1. Introduction

Nature risk is an emerging theme in the financial industry but the search for adequate biodiversity
metrics can best be described as a labyrinthine process. Nature risks are increasingly recognised

as material across economic systems globally, and financial institutions (Fls) are grappling with how to
approach them. Discussions and guidance are emerging from various bodies, amongst them the Network
for Greening the Financial System (NGFS), the Partnership for Biodiversity Accounting Financials (PBAF),
the Global Reporting Initiative (GRI), the UK Financial Conduct Authority’s Climate Financial Risk Forum and
the Taskforce for Nature-related Financial Disclosure (TNFD). Whilst European institutions have been at the
forefront of the movement to assess nature-related risks, other regions are evolving too, including Asia (e.g.
Japanese institutions have been lead adopters of TNFD in 2024-25). In Southeast Asia, efforts are growing
to share knowledge and best practice?.

However, the financial industry is still largely at the starting line when it comes to capturing biodiversity in
their assessment processes, and there is little to no guidance from financial regulators. The guidance that
exists is broad and impossible to implement in practice. The TNFD lists over 200 nature-related tools® and
recommends 14 core indicators but is loath to give recommendations on specific metrics or providers.
Whilst the hesitation to give firm recommendations is understandable given the current level of our
collective knowledge and the different needs of institutions, it makes the task more difficult for Fls trying to
navigate a new thematic area.

This report focuses on biodiversity footprinting metrics — a key aspect of the broader nature risk
toolbox that financial institutions must consider. The financial sector’s relationship with biodiversity

is both through dependence and impact. The dependence comes via costs and revenues of investee
companies which depend on nature for provision, regulation, and other ecosystem services and for which
dependency metrics are sought. At the same time, nature is impacted by the financial sector through their
financing and investment activities. To evaluate the latter, financial institutions have turned to biodiversity
footprinting metrics.

Biodiversity footprints built on Mean Species Abundance (MSA) currently dominate corporate impact
measurement and are widely used in the financial ecosystem. This report unpacks their advantages
and drawbacks. From the viewpoint of a financial institution, the lack of clarity and conformity of advice on
biodiversity data creates risks: both of picking a path (or metric) that is not aligned with future regulation,
and of accusations of greenwashing if a choice is judged to be insufficient or misleading, even if well-
intended. In response, many Fls are either sitting on the fence or going with the majority by choosing

the most common metric. For measuring corporate biodiversity impact, corporate-level Mean Species
Abundance (MSA) indicators have evolved as the leading choice for Fls (Roeder&Utz, 2025, Silvestro et al.,
2025). MSA is also used by central banks such as DNB and ECB in risk scenario exercises®. However, MSA-
based footprints are an imperfect biodiversity metric for a variety of reasons - the main one being that due
to the complexity of life on earth there is no such thing as a single perfect indicator of biodiversity.

The purpose of the report is to encourage reflection amongst financial institutions and inform next
steps in the search for a more holistic treatment of biodiversity risk. Given its limitations, financial
institutions’ focus on MSA may create a new set of risks - including misallocation of capital and poor
biodiversity outcomes. It is these risks which we seek to bring to the forefront in this briefing paper — by
‘looking under the hood’ of MSA specifically and giving an overview of other available tools. The purpose
of this discussion is not to point fingers at biodiversity footprinting metrics but rather to highlight the
challenges of creating and using metrics for complex problems such as biodiversity, and to reflect on the
forward path for financial institutions.

The findings in this report are primarily based on an extensive literature review and a series of interviews
with finance professionals and ecologists. As the analysis was funded by the Singapore Green Finance
Centre, we have included references to the Southeast Asian region where relevant.

2 For example, the Singapore Sustainable Finance Association has produced a practical guide (SSFA, April 2025).
3 https://tnfd.global/assessment-guidance/tools-catalogue/?tools-id=15516
4 https://www.ecb.europa.eu/pub/pdf/scpops/ecb.op333~1b97e436be.en.pdf
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2. What is Biodiversity and Why Does it Matter?

Biodiversity is the variability among living organisms of all kinds, including terrestrial, marine and other
aquatic ecosystems and the ecological complexes of which they are part. This includes diversity within
species, between species and of ecosystems (United Nations, 2013, Convention on Biological Diversity?®).
Although biodiversity can be measured on the three levels of genes, species, and functional traits, in
practice variation at the species level is more commonly measured than genetic or functional diversity
(Cardinale et al., 2012).

Biodiversity underpins ecosystem functioning and our economies. There is a general biological
principle which predicts that intact, diverse communities are generally more stable and function better

than versions that have lost species. Experimental studies have traditionally shown a positive relationship
between diversity and ecosystem functioning, but there is less agreement about how many species are
needed to maintain most (biogeochemical) ecosystem processes, and how many may be necessary to
provide ‘insurance’ over time (Purvis & Hector, 2000). The biodiversity-ecosystem relationship varies across
regions, types of ecosystem services and time.

Ecosystems in turn support the goods and services generated by nature, which underpin the economy
and the stability of the financial system. Over the past ten years, this has been increasingly recognised
by governments and regulatory bodies and resulted in guidance from the NGFS and the TNFD on how to
measure, report and disclose nature-related financial risks.

Box 1: Evidence from Southeast Asia: Pressures and Response in a region characterised by
high biodiversity and significant deforestation

Southeast Asia is a biodiversity hotspot — defined as a biogeographic region that is both biologically
rich with a high number of endemic species and is under severe threat from human activities,
particularly deforestation. On the one hand, it has the highest proportion of vascular plant, reptile,
bird, and mammal species classified as globally threatened by the IUCN’s Red List, while on the other
it has significant extractive activities (oil palm, rubber, logging), which lead to deforestation (Sodhi

et al., 2010). In fact, forest land cover declined from 73% in 1973, to 51% in 2009 (Hughes, 2017).
Water risks associated with the Mekong Delta is another recognised concern in the region, with over-
exploitation, climate change and hydropower impacting the biodiversity, flood risks and livelihoods
connected to the river (World Bank, 2024).

There is significant variability within the region: Reflecting economic development paths, some
countries have already almost completely wiped out their native forests (Philippines has 24.5%

of land covered by forests, the same percentage as in 2000), whilst for others the destruction is
more recent but rapidly developing (Cambodia at 43%, down from 61% in 2000)*. In addition to
biodiversity loss, deforestation increases other risks such as erosion and the risk of landslides, as
well as emissions (e.g. peatland forests, of which the region contains over 50% of the global stock,
release vast amounts of GHG when converted) (Hughes, 2017).

Given its status as a global biodiversity hotspot, predicting the impact of land-use change on
biodiversity in Southeast Asia is therefore of global importance. Models have tended to predict
significant habitat losses and extinction risk, but greater granularity of emerging estimates and
data suggest more localised and nuanced estimates can be produced (including, according to one
study, a middle-of-the-road deforestation scenario which leads to a small recovery (Botterill-dames
et al., 2024)). Hence, while it is true that predicted biodiversity loss is tightly correlated to predicted
deforestation, effective policy and spatial planning at the local level will require modelling at local
scales.

Protecting and restoring biodiversity in the region is crucial for the proper functioning of local
ecosystems. Generally speaking, biodiversity increases the stability of ecosystem functioning over
time against stresses. The influence of biodiversity on an ecosystem’s processes also tends to be
non-linear and saturating, such that the ecosystem’s productivity declines at an accelerated rate as
biodiversity loss increases (Cardinale et al., 2012).

5 https://www.cbd.int/youth/0003.shtml
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Preliminary analysis by Morris et al. (2025) finds that biodiversity underpins a wide range of key
ecosystem functions in Southeast Asia, with variation across different land-use and ecosystem
function types. The results suggest the strength of the relationship between biodiversity and
ecosystem functioning varies between different measures of biodiversity (e.g. species abundance-
based vs phylogenic), underlining the desirability of diversifying away from a purely species-
abundance lens. The study also acknowledges that data gaps continue to limit our understanding of
the full range of responses by different ecosystems to biodiversity changes (e.g. supporting services
are overrepresented).

*Data source Philippines: https://data.worldbank.org/country/philippines. Data source Cambodia:
https://data.worldbank.org/country/cambodia

3. Biodiversity and Financial Institutions

Financial institutions today primarily see biodiversity through a risk lens. The risk can be physical

— affecting its loan book or investments through nature-related changes in the physical environment;
transition-related — through the possibility of increased regulation of direct operations or supply chains; or
reputational. Although the materiality of the risks will vary depending on the institution and portfolio, a first
necessary step is to identify and assess this risk — as encapsulated in TNFD’s LEAP approach: Locate,
Evaluate, Assess, Prepare. Biodiversity can potentially also offer opportunities, for instance through new
business models or incentives, but they currently represent a niche (Flammer et al, 2024). There is a nascent
literature on the links between biodiversity and financial performance, generally with inconclusive evidence
(Cosma et al.,2025, Garel et al., 2024, Xin et al., 2025), and the study of the role of biodiversity in finance is
in its infancy (Karolyi & Tobin-de la Puente, 2023).

Despite the acknowledgement of biodiversity as a financial risk, transposing the concept to the
world of business and finance has proven challenging. Biodiversity protection is “frequently mentioned
but poorly understood” (Panwar et al., 2022). This is in large part due to its innate complexity. Many firms
and policy makers are confused and “seem to believe that biodiversity is either something that can be
uniquely measured by a singular index or simply use biodiversity as a catch-all for anything having to do
with nature that is not specifically climate change” (Fenichel et al., 2024b). Translating biodiversity risk to
financial risk measures such as probability of default is at a very nascent stage.

The integration of biodiversity risk in finance contrasts with how financial institutions approach
climate change, where risk assessments — although potentially complex in their transmission channels —

at least have the benefit of starting with a single variable (CO2). Biodiversity lacks such a single point of
reference; there is no clear set of standard recommendations from ecologists about how to best measure
biodiversity, and this lack of consensus (which holds no equivalence in the climate sphere) has contributed
to the confusion in financial and business circles (Tobias et al., 2025). Unfortunately, this creates a barrier for
economic agents such as financial institutions who lack expertise and resources to tackle such complexity.

The focus on nature is not new but the focus on biodiversity is. Financial Institutions today use
heterogeneous and selective approaches to monitoring biodiversity, although some broad patterns emerge:
In Commercial and Investment Banking, biodiversity metrics may be integrated into risk assessments

of companies under the umbrella of ESG risks (Layman et al., 2023). In fact, investment professionals

point out that although the emphasis on biodiversity is new, the broader ‘nature’ theme is not and that
historically they have analysed data on deforestation, waste management and water under the banner of
‘environmental data’ — especially for high-risk sectors such as agriculture, forestry, and mining. After a first
layer of screening has been applied, sectors of high materiality are identified, and additional data may be
added for those. In Asset Management, biodiversity indicators may be used for screening and/or monitoring
of company stocks and portfolios. Nature indicators are sometimes organised into overarching tools such
as those offered by MSCI, S&P and other data vendors, but preliminary results from a recent survey of asset
managers by Imperial College found a predominance of proprietary tools and in-house models (Koci &
Holtedahl, in progress). It is also common for financial analysts to leverage data from company publications
(such as TNFD reports).


https://data.worldbank.org/country/philippines
https://data.worldbank.org/country/cambodia

Box 2: Snapshot from Financial Institutions in Southeast Asia

Nature is a nascent theme amongst most financial institutions in Asia. They are increasingly aware

of the importance of nature and biodiversity risk, but do not yet approach the risks systematically or
comprehensively. Some exploratory work using scenarios for high-dependency sectors in specific
countries have been undertaken (e.g. CISL, 2025). According to AIGCC (2025), of the institutions
that are most active in climate change 47% consider nature-related risks, but most have a generic
and high-level approach. Financial institutions in Southeast Asia follow a similar approach to their
international counterparts (same frameworks and principles), although a lack of granular geospatial
data and biodiversity data is a recognised challenge (SSFA, 2025; Morris et al., 2025; CDP, 2023). The
absence of regulation is also slowing the roll-out of nature risk assessments in the region. However,
the general immaturity of nature risk assessments notwithstanding, forest and to some extent water
data have been monitored for a while. Indeed, deforestation is considered the most material nature-
related risk and monitoring, data gathering and engagement on this topic is relatively advanced
amongst several financial institutions in the region. There is growing interest in the use of satellite, Al,
and other technologies to address the data gaps.

Both impact and dependency are monitored. Financial institutions seek to capture the impact (footprint)
of a company’s activities as well as the dependency of a company on ecosystems - this is in line with
TNFD’s recommendation and a ‘double materiality’ approach to risk. Dependency is a signal for physical
risk, while impact indicates transition risk. For dependency, ENCORE is the most common tool and while it
is not granular enough to report on firm level dependencies, its sectoral level dependencies insights have
proved useful for central banks and Fls in identifying exposure to high-risk sectors. For biodiversity impacts,
several corporate footprinting tools have emerged.

4. Focus on Biodiversity Footprinting

Corporate biodiversity footprints are an expedient way for financial institutions to monitor and
compare large volumes of stocks. Footprinting tools have become common amongst financial institutions
for measuring biodiversity impact. Their popularity must be understood in the context in which they are
applied, which is as a convenient ‘short-cut’ method for collapsing various impact channels into one metric
and aggregating at portfolio levels. They facilitate comparisons across firms and portfolios, which is crucial
for a financial institution with potentially thousands of companies in its portfolio or on its books.

Footprinting metrics are obtained via pressure-impact models, which are analytical frameworks used
to understand how human activities (pressures) affect the environment and ecosystems. A biodiversity
footprint is therefore an indirect measurement (proxy) for the likely actual impact on biodiversity.

MSA has been widely deployed in the financial industry and is the focus of our analysis. The most
commonly used metrics for comparing the footprint of companies is Mean Species Abundance (MSA) loss,
followed by Potentially Disappeared Fractions (PDF) (F4B (2025), Responsible Investor (2025); Kulionis
(2024)). The success of MSA-based footprints can in part be attributed to a modelling framework which
was promoted early on, making it widely and consistently available across the financial ecosystem today.
Other metrics may be used - such as the Biodiversity Intactness Index (Bll) — but while conceptually similar
to MSA, are primarily biodiversity state indicators applied at project, landscape, or regional scales (not
corporate).



Box 3: Mean Species Abundance (MSA) Explained

MSA estimates the average abundance of species relative to a baseline (reference state) in a pristine
site. The model used is GLOBIO3, which relies on a framework of cause-and-effect relationships that
delineate six human-induced impacts on biodiversity: land use, climate change, atmospheric nitrogen
deposition, infrastructure, habitat fragmentation, human encroachment. The score ranges from 0
(worst) to 100% (best - full intactness).

Financial institutions today rely on one of two corporate biodiversity footprint (cbf) models which build
on GLOBIO but are adapted to a corporate context: the BIA-GBS (by Iceberg Data Lab) and GBS

/ CBF (by CDC Biodiversité). The former provides pre-computed corporate footprints and is more
widely used, the latter is arguably more transparent and precise in its estimates but requires more
analyst and data capacity. These cbf models combine MSA with area (square kilometres) to provide
a spatial representation of biodiversity loss: A corporate footprint of —-100 MSA.km? indicates that
the company’s activities are estimated to have degraded (fully) the biodiversity of an area equivalent
to 100 square kilometres. Financial institutions can compare the MSA of companies in relative
investment terms, e.g. by enterprise value or turnover (km2MSA/$). Being the most widely used
footprinting metric, we focus our subsequent analysis on MSA (note that for simplicity we may say
‘MSA’ when we technically speaking are referring to MSA loss (measured in square kilometres ).

5. Shortcomings of MSA-based Biodiversity Footprinting
Tools

When financial and business decision making is based on imperfect metrics, without the tools to
understand uncertainty, it can lead to unintended ecological consequences as well as potentially
underestimated and miscalculated financial risks and losses. Even if mistakes are unintentional, they can
lead to reputational risks and accusation of green/nature-washing. Therefore, it is imperative to understand
the data — including any inputs, assumptions and models that lead to the outcome. Uncertainties and
shortcoming should be acknowledged and addressed.

Top-down intactness metrics such as MSA are intuitive and can be valuable for generating high-level
assessments of impact risk but suffer from several shortcomings, some by design, others inadvertent. We
outline important shortcomings below, from three different viewpoints: The Ecologist — where we focus

on the soundness of the MSA metric from a scientific perspective; The Modeller — where we highlight the
drawbacks resulting from the fact that biodiversity is not observed but instead modelled, and; The User —
which highlights potential pitfalls financial institutions and policymakers might be exposed to when applying
footprint metrics to portfolio analysis.

Note that in what follows we use ‘MSA’ generically as a shorthand way of saying a corporate’s MSA-based
biodiversity footprint, rather than the more precise derivate measure used by financial institutions (e.g.
MSAkm?2 or MSAkm2/$turnover, etc.)

The Ecologist’s View

Ecologists worry that Mean Species Abundance (MSA) oversimplifies biodiversity by averaging complex,
place-specific ecological changes. Their worldview is built around complexity, context, and nuance,
which makes them cautious about metrics that oversimplify nature.

1. A narrow focus on species abundance gives a simplistic view of biodiversity. MSA gives a quick
grasp of the central tendency of species abundance, however species abundance is but one aspect
of biodiversity. Biodiversity measures should capture variation in genes (within species), species, and
ecosystems®. Moreover, phylogenetic diversity (evolution of species over time) has historically been
downplayed but has been found to be important in predicting ecosystem functionality (Diaz et al, 2013).
It follows that MSA should be supplemented by other dimensions such as functional or genetic traits
(Cardinale et al., 2012). Moreover, since humanity depends on ecosystems broadly speaking one could
argue that broader processes such as adaptation, gene flow, dispersal, and trophic interactions (feeding

8 The Convention on Biological Diversity: https://www.cbd.int/convention/text/default.shtml
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relationships between organisms in an ecosystem) should be included in assessments as they are at the
heart of ecosystem function (Tobias et al., 2025).

Given that different ecosystems depend on different dimensions of biodiversity for functioning and
resilience, a narrow (species-based) view of biodiversity may lead to a misplaced emphasis on certain
aspects of biodiversity compared to others in regulation, policy or allocation of capital.

2. Uniform baselines may be useful but create imprecise impact estimates. MSA is an integrity metric
which focuses on the taxonomic & biome coverage relative to a reference state — in the case of MSA a
‘pristine’ state, generally thought of as what an ecosystem would look like in the absence of significant
human pressures. While having a baseline is necessary for measuring intactness, it raises two questions:
whether the right reference level is the ‘pristine’ one, and what the consequences are of applying a
uniform baseline across regions. In reality, baselines vary by biome and the relationship between, for
example, land-use intensity and species abundance derived in one biome may not hold in another.
Hence, applying generalized reference conditions across regions — as the GLOBIO model does for
most pressures - can lead to inaccuracies (overestimation or underestimation) of degradation, and poor
local precision as biodiversity responds differently to a given pressure depending on its initial condition
(Alkemade, 2009).

Furthermore, one may argue that the choice of a ‘pristine’ baseline is arbitrary or at least out of sync
with how far the natural world has evolved in most places. Related to this is MSA’s focus on “original”
species, which means it ignores gains in non-native species - although ecologists disagree on
whether that’s a feature (focusing on native ecosystem integrity) or a bug (under-recognising novel but
ecologically functional systems).

3. Narrow taxonomic input data bias will lead to output bias. Ecologists like the fact that MSA is
grounded in real data from ecological studies, however the data is limited to available evidence - which
is geographically, taxonomically and temporally biased (Alkemade et al., 2009). Evidence of ecological
impacts tends to be stronger for mammals and birds, and species in temperate and developed regions.
MSA is produced by a model which is strongest (more evidence) on terrestrial and freshwater species -
in particular vertebrates and plants, while the marine realm is absent (Schipper et al, 2019). Inaccuracies
in predictions can result from these unrepresentative data sets.

4. MSA is ‘conservation-agnostic’ and so does not express a ‘true’ value of risk to companies or
value to society. Species abundance is a poor indicator of biodiversity value unless weighted by its
conservation value (i.e. the context). MSA treats all species as equally valuable and weighs all biomes
equally, so that a biodiversity low-value desert can score equally to a high-value rainforest (Hawkins
et al., 2023). Assigning the same scores to different regions or biomes irrespective of their biological
significance (itself a multi-dimensional concept: significant for what, for whom?) is misleading and can
lead to overestimation or underestimation of risk, and potentially misallocation of restoration efforts.

The Modeller’s Warning

A corporate-footprint modeller would caution that their models often mask uncertainty, coarse
assumptions, and scale mismatches, and that results should be interpreted as directional risk signals
rather than measures of real biodiversity loss.

Biodiversity footprinting metrics are modelled, not observed. Like any model, they are vulnerable to
assumptions and input limitations. Corporate footprint models in use today combine environmental input-
output models at the firm level to calculate pressures and combine these with the GLOBIO model which
quantifies the relationship between pressure and biodiversity impact.

1. Underrepresentation of drivers is a problem in and of itself but also means some companies or
sectors can ‘look better’ than others purely because an impact channel isn’t modelled (or only
partly). The five drivers of biodiversity change — as identified by IPBES — are the channels through which
biodiversity change can and should be modelled (Figure 1). However, current modelling is incomplete,
with some channels (invasive species, resource use) and biomes (oceans) underrepresented.
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Figure 1: The five drivers of biodiversity change (IPBES, 2019)

The GLOBIO model was originally developed to quantify the impact of infrastructure projects and has
been extended to include the impacts of climate change, land use change and atmospheric nitrogen
deposition but is still not complete. The model used by Iceberg Datalab recently announced the addition
of Invasive Alien Species as a new pressure, but it is not known how successful or complete this
development is. Conversely, land use is the most extensively modelled channel and as a result firms in
land-use intensive sectors tend to show higher MSA footprints simply because of this modelling feature.

2. Interaction between drivers is not captured and likely lead to under- or in some cases
overestimation of impacts: GLOBIO uses separate models to estimate the impacts of the various
drivers (land use, climate change etc.) and does not estimate any biophysical interactions between these
drivers. However, the inter-relatedness of land-use change and climate change, for example, is well
known. These channels jointly amplify each other’s effects, a result which cannot be captured in a model
which treats them as independent. On the other hand, the models may overestimate impacts of strongly
correlated drivers whose mechanisms overlap (Purvis, 2025). For example, if a soil ecosystem is already
damaged by extensive fertiliser use, additional atmospheric nitrogen deposits will have little incremental
effect. The model developers recognise this shortcoming (Alkemade et al., 2009).

3. Insufficient spatial resolution can lead to corporate footprint metrics which are not fit for purpose:
Company-specific metrics should rely on asset geolocation data; however, footprinting models often do
not have access to granular corporate data and instead rely on averaging industry and regional scores.
This is a problem because the initial ecosystem state, its response to various drivers, and attribution to
a corporate level can be ‘smudged’ if input data does not allow granularity. For example, footprinting
models will underestimate the geographical heterogeneity of land-use patterns, whereas the lack of
spatial detail is less of a problem for modelling the impacts of climate change. Moreover, responses to
the drivers will vary from place to place depending on the current state and susceptibility of biodiversity
(Purvis, 2025), and this cannot be captured in models using country-level data. Likewise, the extensive
use of sector averages, especially where corporates do not disclose, is a recognised limitation of current
modelling approaches and increases the risk of relying on footprint calculations for investment decisions
(Garel et al (2024), Amundi (2025)). Finally, asset level data does not always distinguish between
business and manufacturing sites and this can distort the interpretation of outcomes.

Indeed, by using a spatially explicit model, Kulionis et al. (2024) shed a light on the global importance
of Southeast Asia as manifested both through supply chain aspects (a host of globally important raw
materials are produced in the region) and spatial uniqueness (the region is a biodiversity hotspot with
unique evolutionary characteristics). According to their analysis, even though only 6% of companies
on the MSCI ACWI index are registered in Asia, the region accounts for almost 30% of the Index’
biodiversity impacts — in part reflecting the region’s role as a prime producer of globally traded raw
materials.

4. Using revenue as a proxy for production volume in calculating MSA calculations can lead to
nonsensical price effects. Calculation of company pressures is usually based on revenue data which
leads to a conflation between price and quantity effects. That is, a footprint can grow or decrease
simply because prices are increasing or decreasing, even if the underlying environmental pressure is
unchanged. This issue is more pronounced if prices vary dramatically over time or between certain
sectors (luxury product vs budget items). A footprint should ideally scale with physical activity only.
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5. The importance of including all Scopes and possible scope divergence between data providers.
Just as with climate, biodiversity impacts can be generated along the value chain of a company and
is expressed in the equivalent Scopes 1, 2, and 3 (direct impacts, impacts from energy use and value
chain impacts). To obtain a comprehensive understanding of impacts the inclusion of indirect impacts
(Scope 3) is necessary: for example, the food and beverage industry has material nature-related risks
primarily because of the inclusion of upstream risk in the agriculture sector (Kulionis, 2024). Indeed, the
importance of including Scope 3 is highlighted in a recent study of MSCI ACWI companies, showing
that most of the top 10 ranked industries exert their impact on biodiversity primarily through their value
chain (F4B, 2024). Likewise, analysis undertaken by Amundi (2025) shows how Scope 3 accounts for
most of the biodiversity footprint of its portfolio and that this is particularly pronounced for Europe-
based companies. Although footprinting models usually include Scopes 1-3, scope inclusion is not
fully consistent across methodologies, so caution is important when carrying out comparisons. Another
recognised pitfall is potential double-counting: since Scope 3 impacts originate from other entities, the
same activity can show up in multiple companies’ inventories.

6. MSA is a state indicator not an attribution metric and should be interpreted accordingly. Since
MSA is comparing current biodiversity to the pristine state of an ecosystem, a low MSA can be the result
of a range of changes: the activities of a particular company; activities in the region prior to the arrival of
the firm, the activities of other firms in the vicinity, or even endogenous changes in the ecosystem. This
contrast to climate where a firm’s GHG emissions measure contribution (and hence attribution — at least
for scopes 1 and 2).

This is why interpretation is crucial when it comes to MSA: it is not an attribution metric, it is a state
indicator, and the ‘state’ is an aggregate — not individual - measure. This weakness is particularly relevant
for the land-use transmission channel, where entry by a firm into an already degraded landscape risks
being reflected in a low MSA which is then attributed incorrectly to the firm. Practitioners can get around
this challenge by doing separate calculations using firm-specific baselines and pressures and counter-
factual modelling.

The Sceptical User

A seasoned user of footprint data would commend their data coverage and user friendliness but also
warn colleagues that corporate biodiversity footprints are primarily useful for risk screening and remain
too uncertain for granular investment decisions. They would stress that portfolio metrics can create

a false sense of precision and could lead to misleading decisions if used in isolation or for the wrong
purposes.

Partly because of the way in which biodiversity footprints are modelled, there are pitfalls and potential
unintended consequences in how they are used in the financial industry.

1. Getting the basics right by comparing like-for-like. As with climate footprints, biodiversity footprints
can be expressed in absolute or relative terms. A large absolute MSA score incorporates a scale
dimension (size of the corporate) which should be considered separate from its intensity score, and both
should arguably be monitored - for different purposes — by the analyst. However, for comparing one firm
to another it is clearly more meaningful to use MSA intensity scores (adjusted for investment or turnover)
rather than absolute scores as the latter can simply reflect scale.

Practitioners must also be cautious when interpreting institution-level data as the “horizontal
comprehensiveness” can vary if only segments and not the whole of a company’s operations or a bank’s
portfolio is included in the footprint calculation.

2. Using caution when comparing across time. Since MSA is modelled it will change when either the
model (response functions) or input data changes. The corporate footprinting models are periodically
updated, for example to incorporate new transmission channels, and practitioners should avoid using
different versions of the model to avoid attributing MSA changes to real behavioural change when
instead they may be resulting from a change in the model specification. An improved MSA score over
time can also be the result of better input data (for example switching from modelled to firm-reported
data) rather than actual ecological improvements on the ground.

3. Potential for Interpretation and Manipulation Bias at the Portfolio level. Financial Institutions
can use footprinting metrics to measure ‘financed impact’ at the portfolio level. This can be done to
compare portfolios at a given point in time, or to set a baseline and monitor a portfolio over time (usually
11



on an annual basis). A financial institution optimising MSA at the portfolio rather than individual level
without further examination can be misled by a constant average score over time, which can mask the
deterioration of individual scores (provided other scores improve and compensate). Likewise, a portfolio
manager setting a ‘target MSA’ at the portfolio level could see that target met through some companies
going beyond the target and compensating for the deterioration of others’ scores, while in reality the
biodiversity impacts may be asymmetric and utterly incomparable. The manager must also decide
whether to apply equal weights to companies in a portfolio, or weights adjusted for size.

Moreover, a financial institution’s focus on MSA in isolation can lead to unintended consequences for
the behaviour of the portfolio firm if it encourages superficial enhancements (gaming the score) rather
than meaningful and durable improvements. This is a recognised pitfall which applies to the use of ESG
scoring methodologies generally (Roeder&Utz, 2025).

Also, the strong implied sector-bias of MSA also means that, to the untrained eye, portfolios with a
heavy tilt towards sectors with low inherent biodiversity impact — technology companies spring to mind -
‘look better’ for biodiversity (good MSA scores) than portfolios with energy, mining and consumer staples
(poor MSA scores) although it says little about the individual companies’ performance or any adjustment
against expectations. This would be akin to the phenomenon of ‘impact washing’ in socially responsible
funds, whereby these funds - rather than attempting to affect change - pre-select sectors with low
impact (Heath et al, 2023).

4. MSA’s ability to capture mitigation efforts is limited. Partly this is due to resolution: as MSA is based
on a model with coarse data inputs (cross-sector coefficients in the corporate models and 300-1,000 m.
grids in GLOBIO), most local improvements (such as species re-introduction programmes) go unnoticed.
But more generally, it is due to the metric’s reliance on the pressure-response relationship rather than
real changes: only when mitigation actions measurably reduce modelled environmental pressures will
they show up in MSA. For example, if a farm converts from low- to high-intensity cattle grazing and
restores some farmland to natural habitats in the process this will over time be captured as ‘reduced
pressure’ in the GLOBIO model, but it will not be immediate and the effect will not be attributable to the
farm. Also, one actor’s mitigation efforts can be neutralised by another actor’s worsening performance.

5. Discrepancies in results between data providers create additional cause for concern. A final worry
for the financial analyst is the apparent discrepancy between different providers of biodiversity footprints.
A recent study revealed inconsistencies between three of these providers (ISS, Impact Institute and
Iceberg Data Lab) and found it to be especially significant for firms in high-impact sectors such as
mining and consumer staples (Roeder&Utz, 2025). Such discrepancies have been found for ESG ratings
as well (Berg, Kélbel, and Rigobon 2022) and can have deleterious consequences for financial decision
making and investment allocations. In practice, analysts rarely use ratings in isolation but instead as
part of a broader assessment. This will mitigate the concern, but the discrepancy remains a source of
confusion which can slow down the integration of biodiversity considerations in investment processes

6. Mitigating the Shortcomings of Biodiversity Footprints:
Three Recommendations for Financial Institutions

Whilst footprint metrics have proven to be a boon to investment teams, our analysis has revealed
shortcomings of an ecological, modelling and implementation character. It is important to acknowledge
that the footprinting models themselves are improving, however the improvements will not be sufficient for
addressing the breadth of the critique levied against these tools. Hence the question: what can financial
institutions do today to meaningfully tackle the limitations?

Recommendation #1: Use with caution and publish with transparency. Although some of the
shortcomings are known by market players, the knowledge tends to be tacit rather than explicit.
Acknowledging the limitations of biodiversity footprints both internally and in external publications will
advance understanding and build credibility around the metrics. An easy and urgent starting point would
be to acknowledge the uncertainty, warn against using a footprint in isolation rather than as part of a suite
of complementary metrics, and to add confidence intervals for the footprint value — to replace the one
confident-looking number.

Recommendation #2: Supplement modelled footprints with additional data. The essence of many of
the shortcomings is that MSA is simply not enough. To rectify the situation, FIs could use additional data in
one or all of the ways described below — something many already do.
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Incorporating Spatial Information via IBAT or WWF Risk Filter

Footprinting tools tend to have a coarse spatial resolution, however, they can be overlaid with spatially
explicit tools such as IBAT and WWF’s Biodiversity Risk Filter. This is already a trend among some
financial institutions (ShareAction, 2025). IBAT offers geolocated data on important sites for biodiversity
in the form of polygons for protected areas and Key Biodiversity Areas and distribution maps for [UCN
Red List species. If locations of physical assets, companies, projects, or supply chains are known, these
can be uploaded by investors and overlapped with IBAT’s biodiversity maps to identify whether portfolio
holdings have production locations near protected areas or in areas with high physical or reputational
risks. Similarly, WWF’s Biodiversity Risk Filter assesses location-based physical, reputational and (in the
future) regulatory risks to businesses.

However, although Fls with a high awareness of biodiversity are cognisant of IBAT and WWEF, they are
not always able to use the tools as they require knowledge of asset locations - which is often not the
case for long and/or opaque supply chains. Moreover, it is our understanding that linking the IBAT/WWF
and corporate footprint databases can be onerous and time intensive.

ii. Adding ‘Bottom-Up’ Metrics (STAR and BII)

Bottom-up metrics which incorporate significance assessments can supplement top-down assessments
such as MSA for a more holistic measure of biodiversity impact (Burgess et al., 2024; Hawkins et al.,
2023). STAR (Species Threat Abatement and Restoration) uses the IUCN Red List of Threatened Species
and so adds a threatened species lens, while Bll (Biodiversity Intactness Index) uses a model measuring
ecosystem intactness. Although based on different methodologies, both STAR and Bll can be used to
understand where ecosystems are intact, degraded, or of high-value and therefore say something about
the ecological significance of a firm’s footprint.

Ground-truthing via observed data

Given the shortcomings of modelled metrics, it is essential to triangulate the results with observed
data — whenever possible. This is especially true for high-risk/impact ecosystems, in which the use
of ecological surveys or other empirical data gathering methods should be the ambition. Since not all
assets or sectors are equally damaging to biodiversity, financial institutions can use MSA to prioritise
high-impact holdings or sectors. Once this is established and to source the data, a few options are
available:

e Company engagement (portfolio stewardship) is a way of acquiring data directly from the asset
and is especially relevant for facilitating information on asset geolocation and sourcing disclosures.
However, it can be time-consuming process and is only relevant if the asset has the right type and
quality of data.

¢ Field data collection rectifies many of the biases and limitations of modelled impact approaches.
Crucially, by being observed rather than modelled the data will be more accurate. Field data
collection is the only way to capture fine-scale, species-by-species community maps or species
richness changes. However, data collection is time-intensive and expensive and should be limited
to selected critical or significant locations. An emerging technique which holds promise because
it would be less onerous and less costly is the collection of environmental DNA (eDNA), whereby
a sample of e.g. water can provide evidence of the presence of a fish species without the need to
observe the species.

e Geospatial data gathering. The role of satellite imagery in the measurement of biodiversity is
growing. The appeal in such a data source is its global, repeatable, and scalable nature with near
real-time monitoring of changes possible without the need for putting (expensive) feet on the ground.
Tools like the WWF Biodiversity Risk Filter and Global Forest Watch already use such data.

However, it is equally important to understand what satellites cannot do. For example satellites are
not appropriate for monitoring species-level ecology, as most species’ identity, abundance and
richness are not directly observed. Likewise, understory (below canopy) and microhabitats cannot
be identified on mainstream satellite resolution, nor can spatial observations assess non-structural
ecosystem quality such as water and soil quality. Finally, with geospatial data as with other data
collection techniques there are trade-offs between coverage, resolution and cost.
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Recommendation #3: Improve understanding of the link between biodiversity impact and financial
risks

Several of the transmission channels between biodiversity risk and financial risks are opaque or
weak. Biodiversity data should ideally be actionable and serve a purpose. Footprinting indicators can
summarise the state of an ecosystem but are not on their own useful for financial institutions unless they
translate into a financial risk. This can happen in one of several ways:

The first risk channel requires an overlap between impact and dependency (avoid harming what sustains
you). In other words, the companies which are dependent on the biodiversity that their operations impact
have an intrinsic interest to act and protect their revenues and business — and the less substitutable the
product, the stronger the risk signal (e.g., Madagascan vanilla (Holtedahl et al., 2023)). For many industries
and firms this risk channel is weak.

The second, the strongest and most widespread channel, is when impact translates into transition risk.
When governments signal that more biodiversity regulation is forthcoming, this risk will be perceived as
material. If financial firms and other corporations view this as probable, they can gain an advantage by
understanding their major impacts early and prepare to adjust what and how they finance accordingly.

The third channel is via wider economic impact. While indirect and depending on the cumulative actions of
many firms, it can create serious repercussions (fat tail event — low probability, high impact), and companies
would be better off avoiding or pre-empting these events. The challenge is linking individual actions to
significant regional negative outcome and creating legal frameworks to enforce shared responsibility for
environmental damages.

As a result, biodiversity risk is currently not viewed as a financial risk. Although biodiversity loss and
ecosystem collapse are routinely ranked in the top three most significant global threats in the next decade
by business leaders (WEF, 2026) they are not included in the top 10 risks in the next two years - suggesting
corporate and world leaders don’t see biodiversity as a priority in the short run. Moreover, the risks vary
significantly by sector and region (Johnson et al., 2021), which means some financial institutions will be
more exposed than others, depending on their geographical exposure, loan book or portfolio composition.
For many financial institutions, the risks are limited and diversifiable (in other words, manageable within
existing risk profiles — see e.g. Barclays, 2025).

Improved risk modelling is not a panacea but will help. Biodiversity risks and impacts often materialise
on a longer-term scale, are nonlinear, spatial and regressive, exacerbated not only by business activity and
economic development but also by a warming climate. Nature risks for any individual institution are highly
complex and our understanding of the magnitudes and timing of such risks is currently woefully inadequate.
For example, what is the risk profile of an Australian mining firm with production activities in Malaysia and
export exposure to the U.S. market? More sophisticated modelling of physical and transition risks, including
portfolio companies’ level of dependency and adaptive capacity, will improve insights and the accuracy of
decisions.

7. Conclusion

Financial institutions manage large volumes of information and look for metrics which are global in
coverage, have high resolution, and are repeatable and scalable. Biodiversity footprints based on MSA meet
some of these criteria and have been adopted by financial institutions across the globe. However, they have
severe limitations in their current form.

Is perfect the enemy of good or is a little knowledge a dangerous thing?

The adoption of biodiversity footprinting tools in financial institutions can be seen as a step in the right
direction - this is the view that ‘something is better than nothing’. Indeed, some argue (e.g. Fenichel et

al, 2024a) that given the complexity of measuring overall biodiversity, it is preferable to develop good but
partial measures (e.g. changes in a small portfolio of species) rather than stalling or attempting to create a
seemingly comprehensive but poor overall index. According to this logic, a ‘partial’ approach which lends
itself to improvements in methods and expansion of coverage over time is preferable to paralysis in an
attempt to create the ‘perfect’ basket of indicators.

On the other hand lurks the possibility that the financial sector becomes ‘captured’ by a fundamentally
flawed approach which continues being used because it has become entrenched (‘everyone uses it’), due to
familiarity bias, or the time and costs already invested (‘sunk cost’). Incidentally, this can have repercussions
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into the research sphere, where the nascent field of biodiversity finance in its search for large datasets has
relied extensively on MSA to represent ‘biodiversity’ due to its prevalence (the Iceberg Data Lab dataset
covers most of the MSCI World Index, for example). Producing ‘evidence’ based on flawed data can lead to
misleading corporate or policy decisions, although to their credit many of these studies also check against
other (imperfect) biodiversity metrics (Coqueret et al, 2025: Garel et al, 2024). To avoid stagnation and
complacency, it is crucial that financial institutions and their regulators boost efforts to extend and refine the
toolbox for monitoring nature.

How to move financial institutions to “biodiversity footprinting 2.0”?

Our discussion of its shortcomings implies that an MSA metric - at best —should form part of a biodiversity
dashboard, where it is complemented by a layer of ‘bottom-up’ spatial indicators to reflect the current
state of ecosystems. Observed (rather than modelled) data should be used to validate modelled outcomes
— certainly for high-impact companies. Since these improvements will require effort and investments, a
‘carrot’ or ‘stick’ will be essential. How can financial institutions be motivated to move to the next stage of
biodiversity monitoring?

e Motivation based on Self-Preservation would require financial institutions to more clearly see a
link between biodiversity risk and financial risk — a link we do not believe is sufficiently present at the
moment. Nature scenarios will be most influential when they are not treated as a one-off disclosure
exercise but built into institutions’ strategy and risk machinery: tailored to material exposures, embedded
in planning and allocation decisions, and supported by deliberate capability-building (data, skills, models
and tooling) that can translate nature dependencies and impacts into financially meaningful outcomes.
Scenarios can help identify how nature exposures evolve and impact business in the future, rather than
stopping at what is material today. Combined with climate scenarios, they can also reflect the high
dependency of nature degradation on global heating.

e Motivation from Regulation: Alternatively, motivation can come via regulation, as has been the case
in France, where Article 29 of the Energy and Climate Law requires certain financial institutions to use a
biodiversity footprint indicator. This regulatory move is recognised as having galvanised the integration
of biodiversity footprinting by French asset managers, and indeed in Europe. While the French example
shows the importance of regulatory pioneers, any new regulation should mandate data that goes beyond
corporate footprints to more comprehensively and accurately capture the state of biodiversity. It is also
crucial to consider to whom this regulation should apply: Recent growth in the non-banking financial
sector (including private equity) suggests considering the application of regulation to this segment as
well (Carter et al., 2025).

¢ Motivation through Prescriptive Guidance A more prescriptive approach by regulators and standard-
setting initiatives (e.g. NGFS, ISSB, GRI) is likely to instigate action, as ambiguity (‘guidance’) leaves
room for uncertainty and hesitation to follow a path. Ambiguity also leaves room for “cherry picking”
convenient (partial) truths rather than presenting a comprehensive overview. Regulatory expectations
can build on ongoing market initiatives such as the Nature Positive Initiative (NPI)’s testing of a
harmonised set of nature metrics and TNFD’s recent recommendations for upgrading nature data and
proposed Nature Data Public Facility’. Although the selection of indicators may differ between industries
and ecosystems (depending on materiality), standardisation of metrics within categories of assets or
industries together with threshold values should be encouraged as it will accelerate target-setting and
enable benchmarking of companies (what does ‘good’ look like in a given industry?).

A role for governments? Biodiversity as a Regional Leadership Opportunity for Southeast Asia

The mounting evidence of the economic and financial materiality of biodiversity represents a unique
opportunity for Southeast Asia to show global leadership. The region stands out by simultaneously having
highly nature-dependent economies and containing global biodiversity hotspots, placing it in a natural
position to lead globally on the issue. Its precarious position has the potential to translate into downgraded
sovereign credit ratings and more expensive debt in the future, as illustrated by the recent downgrades

of Namibia and Pakistan which were partly due to the impacts of natural disasters. This should provide
authorities with a motivation to act. Indeed, a recent TNFD survey shows high regulatory expectations and
nature momentum embedded in the broader Asia-Pacific region already (TNFD, 2025b). The rest of the
world can support Southeast Asia in this endeavour through co-development of tools, standards, funding,
and strategic trade policies.

7 Details can be found here: https://tnfd.global/tnfd-release-recommendations-for-upgrading-nature-data-for-market-participants/ and
https://www.naturepositive.org/news/latest-news/pilotingprogramme/
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Leadership can take different forms: binding regulation on disclosures is likely to be effective

in galvanising action. Disclosure regulation whereby financial institutions and corporates must
regularly publish nature impacts and dependencies can provide an impetus for data gathering and tool
development - in other words impacts beyond the publication of the data itself to the building of a data
ecosystem. As exemplified by events in France, going beyond guidance and taxonomies and making
reporting mandatory rather than voluntary is essential.

Another leadership opportunity could take the form of hosting a regional nature data platform.
Biodiversity footprint data is expensive, fragmented, and is produced by different commercial providers
whose output sometimes give different ‘footprints’ for the same firm. A repository of fundamental data
with which to triangulate footprint data could be helpful in both producing more accurate estimates and
build trust in the market. Characterised by many public good features, such a repository is unlikely to be
suitable for a private actor and instead should be hosted by a public agency. The TNFD’s recent release
of a blueprint for a Nature Data Public Facility (NDPF) could be leveraged by authorities in Southeast
Asia to build out data infrastructure which caters specifically to the needs of the region, guided by the
aspects of biodiversity found to be better predictors of a particular regional ecosystem function (based
e.g. on preliminary evidence by Morris et al, 2025). The platform could also include regularly updated
reference layers — including national baselines on habitats and key pressures.
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