N N L AW

o)

10
11
12

13
14

15
16
17
18
19

20

21
22
23
24
25
26
27
28
29
30
31
32

Challenges and pathways for matching corporate value-chain

biodiversity losses and gains

*Margaux Durand®®, Thomas B. White®¢, Talitha Bromwich®®!, Sophus O. S. E. zu Ermgassen®,
Vincent Martinet™#

*Corresponding author, margaux.durand@universite-paris-saclay.fr, Université Paris-Saclay,

INRAE, AgroParisTech, Paris-Saclay Applied Economics, 91120 Palaiseau, France

aUniversité Paris-Saclay, INRAE, AgroParisTech, Paris-Saclay Applied Economics, 91120 Palaiseau, France
®CDC Biodiversité, 141 avenue de Clichy, 75017 Paris, France

°Leverhulme Centre for Nature Recovery & Department of Biology, University of Oxford, UK

4The Biodiversity Consultancy, Cambridge, UK

°Smith School of Enterprise and the Environment, School of Geography and the Environment, University of
Oxford, UK

fWild Business Ltd., Oxford, UK
gUniversité Paris-Saclay, ENS Paris-Saclay, CEPS, Gif-sur-Yvette, France

Keywords: biodiversity gains, impacts, corporate, claims, value-chain, compensation, biodiversity credit

1. Abstract

In the context of ambitious global biodiversity goals, the need to compensate for the impact of
corporate activities is no longer restricted to direct impacts but extends to the entire value-chain
of corporates. This is challenging, considering the substantial uncertainties involved in
measuring corporate value-chain biodiversity losses and gains, which render their comparison
difficult. Corporates run the risk of taking inadequate action and making compensatory
statements that are not supported by equivalent losses and gains, potentially exacerbating loss
of biodiversity instead of supporting its recovery and leading to reputational and financial risks.
Here, we highlight uncertainties that pertain to the metrics used for biodiversity loss and gain
measurements and approaches that can be used to match these metrics. We then suggest a simple
framework for corporates to evaluate the risk of making a compensatory claim, based on the
level of uncertainty on value-chain biodiversity impacts, to reduce the risk of making

inappropriate statements.
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2. Addressing value-chain impacts on nature

Compensation of corporate — referring to businesses and companies — value-chain impacts on
nature has existed for years in the realm of the climate, where carbon offsetting has been used
to help achieve goals such as carbon neutrality and Net Zero (Hale et al. 2022; Trouwloon et al.
2023). However, whilst there are examples of individual effective carbon offsetting projects
(West et al. 2023; Malan et al. 2024), rigorous evaluation of the schemes overall has revealed
concerning shortcomings. Assessments that allowed proper quantification of additionality,
leakage and impermanence — in a way that was not (and still largely is not) standard practice in
carbon credit design (Balmford et al. 2023; Swinfield et al. 2024) — identified that several
leading initiatives were often overestimating the carbon benefits from their projects (West et al.
2020, 2023; Greenfield 2023). Today, a contribution approach is gaining traction, whereby
carbon credits can still be purchased, but are not used to offset emissions. Corporates can simply
state they have contributed to mitigating climate change, either through the purchase of these
credits, or funding of projects that have climate benefits, whether proven yet or not (Blanchard
et al. 2024). Ideally all carbon mitigation and adaptation projects would have robust and proven
carbon benefits, but when used to compensate for residual emissions, the importance of robust
outcomes becomes higher, to avoid deepening the climate crisis and negatively impacting
corporates. Indeed, the consequences of green-washing are understood as a real risk (Flood
2023): while engaging in corporate social responsibility (CSR) activities, including pro-
environmental actions, can benefit a firm (Albuquerque et al. 2019), false claims can raise
reputational, regulatory or even litigation risks (Kitzmueller & Shimshack 2012; Setzer &
Higham 2022).

Biodiversity globally is in decline, while carbon emissions continue to increase (Richardson et
al. 2023). Corporates could play a major role in halting or reversing biodiversity loss by learning
from mistakes made in the carbon realm and developing robust biodiversity strategies to
mitigate their impacts on nature (Folke et al. 2019). Biodiversity offsets of direct and local
impacts have been used for decades in such strategies, either as part of regulatory schemes or
on a project-by-project basis (Damiens et al. 2021; Maron et al. 2025). As with carbon, whilst
there have been examples of effective biodiversity offsets (Devenish et al. 2022), evaluations
have identified that many have failed to meet their objectives of delivering no net loss (NNL)
or net gain of biodiversity (zu Ermgassen et al. 2019; Josefsson et al. 2021; zu Ermgassen et al.
2023). Alignment between offset quantification and recognised ecosystem accounting methods
is also lacking to ensure standardised practice (Czucz et al. 2025). Furthermore, if corporates
want to reach ambitious biodiversity goals aligned with global goals and contribute to Nature

Positive (Locke et al. 2021), they should measure and compensate not only for their direct
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impacts, but also for more diffuse impacts occurring throughout their value-chain (Milner-
Gulland et al. 2021; Panwar 2023), e.g. in upstream supply chains, after application of the
mitigation hierarchy (Maron et al. 2023). Biodiversity credits — units of commodified
biodiversity gain (Wauchope et al. 2024; Wunder et al. 2025) — could be a lever to scale-up
ecosystem restoration and biodiversity conservation (Antonelli et al. 2024), and provide an
avenue for value-chain level offsetting (Wunder et al. 2025). However, despite the recent
development of promising methods to increase credit robustness (Swinfield et al. 2024), the
science supporting biodiversity credits is struggling to keep up with the momentum for their

use.

Experience with carbon offsets and local biodiversity offsets of direct impacts show that
matching of losses and gains is challenging (Kujala et al. 2022). Underlying such matching is
the concept of ecological equivalence: losses and gains should be comparable in their type,
condition, location and possibly timing, on top of their quantity (achieving at least NNL)
(BBOP 2012). Beyond ecological aspects, equivalence in location is an important consideration
as biodiversity can provide many local values and services (zu Ermgassen et al. 2020). More
generally, social outcomes caused by compensatory activities to impacted communities need to
be considered too (Griffiths et al. 2019a, 2019b). When considering the entire value-chain,
compensation of biodiversity impacts comprises extra layers of complexity, in particular due to
the change of scale from local to potentially global, and the difficulty of demonstrating
equivalence (Maron et al. 2023). International offsetting through the use of biodiversity credits
is not supported by the International Advisory Panel on Biodiversity Credits (IAPB 2024).
Furthermore, value-chain impacts can be the largest portion of many corporates’ impacts on
biodiversity and nature (Bull et al. 2022; Peura et al. 2023; Finance for Biodiversity Foundation
2024). There is thus a potential large demand for avenues that could allow compensatory gains
to help address these impacts. However, just as for carbon, making inaccurate statements on
biodiversity benefits and compensation actions entails reputational risks (zu Ermgassen et al.
2025), and has risks for biodiversity itself if compensatory actions are insufficient or
inappropriate responses to the losses. Scientific guidelines for setting targets, designing
offsetting strategies and corresponding claims can help mitigate these risks (“Combat corporate
greenwashing with better science” 2023; Simmonds et al. 2024; Science Based Targets
Network 2024), but are currently limited for value-chain impacts. Below, we highlight various
sources of uncertainty in corporate value-chain biodiversity loss and gain measurements — with
a particular focus on mismatches of the metrics used —, suggest avenues for reducing uncertainty,
and provide a simple framework to guide corporates to take robust actions to address their

value-chain net biodiversity impacts.
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3. Sources of uncertainty when measuring losses and gains

Some of the uncertainties in corporate loss and gain measurement will not be resolved in the
foreseeable future; true impacts on biodiversity can never be fully quantified, since inherently
nature does not respond in expected ways, and yet undiscovered species are by definition
unknown, so impacts on them can also not be measured. The spatial distribution of species and
ecosystems on Earth is also imperfectly known (Cazalis et al. 2022), and the dynamic nature of
biodiversity makes it unlikely that it will ever be perfectly mapped out. We do not further
discuss these uncertainties, and focus below on those for which there are avenues for

improvement.
3.1.Uncertainties in loss measurements

Estimates of corporate value-chain impacts are often hindered by limited data availability on
corporate activities (White et al. 2023) and the complexity of global value-chains (Bromwich
et al. 2025). Corporates do not always know precisely where negative impacts are happening
beyond direct operations, due to poor supply chain traceability (zu Ermgassen et al. 2022). In
addition, some of the negative effects of their activities are diffuse. For example, GHG
emissions contribute to global climate change, which affects all biodiversity, while pollution of
flowing freshwater can affect biodiversity far from the initial point of pollutant emission
(Verones et al. 2020). Hence, assessments of loss may need to make assumptions about the

locations of impacts.

Even if each location was known, measuring biodiversity loss at each point of the value-chain
is unfeasible at present for many corporates. Thus, corporates frequently use globally applicable
modelling approaches to estimate biodiversity loss, in corporate impact assessment and
reporting contexts (De Ryck et al. 2024). Some approaches model community-level impacts.
An example is the GLOBIO model (Schipper et al. 2020) which estimates how biodiversity will
change due to changes in a given pressure (such as land use or climate change), based on
underlying pressure-impacts relationships between pressures on biodiversity and the abundance
of species in the ecosystems, using the metric Mean Species Abundance (Hawkins et al. 2023).
This metric is used in several corporate biodiversity impact assessment tools (CDC Biodiversité
2023). Other approaches model species-level impacts, such as the Species Threat Abatement
and Restoration metric (STAR) (Mair et al. 2021), which combines information on species
threat status, area of habitat and exposure to threats from the [IUCN Red List, and can be used
by corporates to help assess impacts (TNFD 2023). Whilst making use of the best available data,
these approaches can be highly uncertain, with taxonomic biases and data gaps in the underlying
datasets (Hawkins et al. 2023). Further, for value-chain assessments, approaches that use

species-specific location data need to be paired with location data from corporate activities,

4
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which is often limited. Measurements made using such modelling approaches thus inherit the

models’ inherent uncertainties (Bromwich et al. 2025).

3.2.Uncertainties in gain measurements

Biodiversity gains do not materialise instantly or linearly (Schipper et al., 2016): after pressure
reduction or implementation of restoration actions, time is needed for species to colonize the
habitat or for populations and ecosystems to recover (Jones et al. 2018; Pedersen et al. 2023;
Chen et al. 2023). Gains can be projected ex-ante — the measurement is a projection of the
expected gain — or measured ex-post — at a point chosen in time after the restoration or
conservation actions have been implemented. Ex-ante projections are no replacement for the
ongoing monitoring evaluating whether biodiversity is changing in alignment with the ex-ante
projection (Maron et al. 2012; Jones et al. 2018; Swinfield et al. 2024). Such monitoring is not

always possible however, especially over extended periods.

Gains are usually measured based on site-level biodiversity data, which are therefore more
representative of changes in biodiversity on-the-ground than metrics obtained through
modelling approaches used to measure losses in value-chains. However, they are still associated
with uncertainties. In the offsetting context, the metrics often used focus on ecosystem extent
and condition (Marshall et al. 2020; Duffus et al. 2024). For example, the habitat hectares metric
is calculated as habitat extent multiplied by a score of its condition, established by scoring
components such as tree cover or the presence of weeds (Parkes et al. 2003). In crediting
schemes, multiple metrics on species, populations and ecosystems are often used, combined
into a single value (Wauchope et al. 2024). For example, the methodology developed by Plan
Vivo combines species richness, species diversity, taxonomic dissimilarity, habitat health and

habitat spatial structure (Plan Vivo & Pivotal 2023).

Some metrics in leading schemes, such as England’s Biodiversity Net Gain policy — which
renders achieving a net biodiversity gain of 10% mandatory in development projects
(Parliament of the UK n.d.) — have been shown to have limitations in terms of how
representative they are of different components of biodiversity (zu Ermgassen et al. 2021;
Duffus et al. 2024). Metrics in emerging crediting schemes run also the risk of misrepresenting
some aspects of biodiversity affected in projects, such as those that are not quantifiable, or by

allowing fungibility between contrasting biodiversity components (Wauchope et al. 2024).

Credible counterfactuals are also typically lacking to prove that actions designed to cause
biodiversity gains truly cause the expected uplift (Maron et al. 2015). There is a lack of
standardised biodiversity ‘control’ data to establish appropriate counterfactuals or baselines

(Wauchope et al. 2024). This contrasts with the abundance of remote sensing data for
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estimations of the counterfactual in the context of forest carbon offsets (Swinfield et al. 2024).
Therefore, evaluations of biodiversity outcomes per se are rare (Wauchope et al. 2022), and are
often based on proxies such as changes in land cover (Jones & Shreedhar 2024; Wunder et al.
2024).

4. Reconciling differences in metrics for losses and gains

While sources of uncertainty hinder corporates’ ability to make strong statements about their
negative and positive biodiversity impacts, the issue of differences in the metrics used for losses
and gains is also challenging. Metrics for value-chain losses and site-level gains are usually
incompatible: they measure different components of biodiversity, are expressed in different
units, and have differing levels of uncertainty. Gain metrics usually interface more directly with
nature and have higher resolution and ecosystem specificity. Comparing losses and gains
expressed with different metrics comes with the risk of making compensation efforts that are

challenging to verify, inadequate, or poorly targeted.

One option to aid comparison of corporate value-chain losses globally and local biodiversity
gains would be to identify and utilise metrics that can measure both. As an example, MSA is
commonly used for loss evaluations using modelled values, and can also be quantified based
on local measurements, if abundance data for multiple species, and ideally taxa, are gathered
for both disturbed or restored and natural reference sites. In fact, such local abundance data
underpin the pressure-impact relationships required to calculate modelled MSA (Schipper et al.
2020). More comprehensive surveys across different activities, pressures and geographies
would allow estimation of more granular MSA values, which could in principle be used to
estimate site-specific gains. However, at present, models are too generic to allow for context-
specific assessments of biodiversity changes at a site level, making comparison of losses and
gains challenging. Such improvements would require vastly more comprehensive and detailed
datasets reporting changes in species abundance under different management scenarios in
different geographic contexts (Kuipers et al. 2023). The Nature Positive Initiative is developing
guidance on state of biodiversity metrics that can be used by corporates, to assess both increases
and decreases in ecosystem extent and condition, as well as population sizes and species
extinction risk (Nature Positive Initiative 2025). Application of these metrics requires location-
specific data (Nature Positive Initiative 2025). If corporates can obtain all required data, this
could facilitate matching losses and gains. Quantifying losses and gains at site scales with
identical metrics thus appears theoretically feasible in the future, if based on sufficiently
detailed biodiversity outcome data. This would avoid extending the uncertainties from the loss

measurement to that of the gain. However, even with this data and metric in place, it would still
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be advisable to utilise multiple metrics to reduce the risk of not evaluating impacts on certain
facets of biodiversity (Durand et al. 2024).

Another option could be converting between one metric of biodiversity to another to allow
losses and gains to be matched. This has been attempted, in particular by Rossberg et al. (2024)
who showed how one could convert estimates of PDF to changes in extinction risk, using a
number of approximations. Rossberg et al. (2024) also propose using changes in extinction risk
(represented by the Biodiversity Impact Credit metric) as a metric to measure losses and gains
in biodiversity. However, converting corporate impacts — using approaches that rely heavily on
modelling — to measures of changes in the state of biodiversity, conceals large assumptions and
uncertainties made by the corporate impact measurement tools, adding large uncertainties into
the estimates of losses without necessarily making these explicit. This could introduce risks in

using these metrics as the basis for comparing losses and gains.

Finally, monetary valuation can be seen as a common metric for biodiversity losses and gains
(Diaz et al. 2015). Once losses are properly quantified, avoided, reduced and locally abated as
much as possible (Maron et al. 2023), monetary valuation can provide an estimation of the unit
cost of restoring biodiversity (TEEB 2010). This could guide a corporate monetary contribution
compensating for the total loss is has measured. However, such an approach adds uncertainty
and masks incomparability between losses and gains, since valuing biodiversity is difficult and
uncertain (OECD 2002; TEEB 2010). Further, it is only a proxy for biodiversity outcomes.
Implementation of restoration or conservation actions does not guarantee that biodiversity gains

will occur (Bullock et al. 2011; Sutherland et al. 2021), increasing uncertainty even more.

5. Towards robust corporate biodiversity impact statements on compensatory actions

At present, measuring and matching gains and losses for value-chain impacts is challenging,
representing a difficulty for corporates wanting to address their impacts on nature. To reduce
uncertainty, corporates can work to obtain better data on impacts using state of nature metrics,
at the granularity level appropriate for their biodiversity objectives, resources and for the
biodiversity that is affected (Nature Positive Initiative 2025). They can also work to improve
transparency in their value-chains (Gardner et al. 2019). It is also essential that the statements
corporates make regarding net impacts are aligned with the robustness of the data and
measurements they have available, considering the previously highlighted risks associated with
making claims that then expose corporates to reputational or litigation risk. This section seeks
to guide how corporates can compare value-chain losses and gains, and suggests appropriate

wording and principles for different forms of uncertainty. For example, if purchasing a
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biodiversity credit to address value-chain losses, can that credit be stated as compensation or is

the data too uncertain?

5.1.General good practice

If compensatory claims were to be scientifically-credible, and before making such statements,
corporates would first need to ensure that the actions they wish to make claims about have been
performed in accordance with the mitigation hierarchy (Milner-Gulland et al. 2021; Maron et
al. 2023). They would then need specify the nature and magnitude of the losses and gains —
using metrics that support the statements made — as well as the uncertainty around those
measurements. If a statement is made about impacts on a specific species for example, the
metrics used for losses and gains must reflect impacts on that specific species. The period over
which impacts are counted must also be specified. This period can begin at the start of
operations, or at a baseline year where impact measurement started, or can represent a given
year of operations. Corporates must specify how gains are monitored over time, and what the
counterfactual scenario is (to justify that gains occur). Beyond biodiversity itself, guidance has
been written on how to leave people at least no worse off as a result of offset implementation
(Griffiths et al. 2019a). Such guidance should be followed for projects generating gains, in
particular by conducting social monitoring to evaluate the impact of a project on people
(Griffiths et al. 2019a) and involving those affected in decision-making (BBOP 2012).
Legitimate engagement with local stakeholders is essential, as local buy-in is critical to social

and economic success of a project (Lofqvist et al. 2023).

5.2.Framework

We suggest a framework to guide corporates in making compensatory statements about their
value-chain impacts on biodiversity (Figure 1). This framework indicates the level of risk
associated with a compensatory claim, as a function of the level of uncertainty in the gain and
loss measurements. Depending on these levels of uncertainty, corporates can better understand
the likelihood that the action on gains is adequately compensating for their value-chain losses,
and therefore the risks associated with making different kinds of statements. Gains that have
already happened (e.g. through habitat banking) and been quantified, or those for which the ex-
ante projections have a strong evidence-base, are on the lower end of the uncertainty spectrum,
while those that have only been projected through poorly supported ex-ante measurements are
the most uncertain. The level of certainty of the gain increases as time since the action elapses,
and monitoring of biodiversity outcomes is robustly and successfully performed. For losses,
those measured using site-based data are the least uncertain, while those measured with
modelled metrics have a higher level of uncertainty, depending on the quality of the corporate

input data. For example, if corporates only have financial data to estimate value-chain impacts,

8
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evaluations of losses with modelled metrics will be highly uncertain. Use of more precise data,
for example on transformed or raw material use, or on pressures (e.g. ha of land use) or physical
flows (e.g. GHG emissions) (CDC Biodiversité¢ 2021), can reduce the level of uncertainty of
the loss evaluation. The more precise and site-specific the data is when used to evaluate the
losses, the less uncertain the loss estimate becomes. Because it can be challenging to evaluate
which category of uncertainty a particular loss and gain falls into, we suggest taking the most
conservative approach — that is, assuming the most uncertain category until more evidence

suggests otherwise.

When uncertainty in the gains is high, it is likely that they are not matched appropriately to
losses. In this case, compensatory statements should be avoided completely. When uncertainty
is low for gains but high for losses, compensatory statements should be avoided for the same
reason. However, in this case the corporate can make a statement about its generic contribution
to a conservation/restoration action leading to the gains, without claiming that they compensate
for the biodiversity loss. As the level of uncertainty decreases for losses (still considering more
certain gains), risks associated with compensatory statements are reduced. If the level of
uncertainty of the loss is medium, but it can still be attributed to a dominant driver or it affects
a specific species or ecosystem, and if the (low uncertainty) gain alleviates that dominant driver
or benefits the same species or ecosystem (i.e. losses and gains are equivalent), then the
company can make a statement about a relevant contribution in terms of a particular
driver/taxon/ecosystem, although still without claiming compensation. Finally, if both loss and
gain uncertainty is low, and equivalency can be shown, then a compensatory claim can be made

with a low level of risk.

The significance of the biodiversity impacted should also be considered, that is the
irreplaceability and vulnerability of the affected area and species, respectively. Pilgrim et al.
(2013) have argued that the more irreplaceable and vulnerable the biodiversity affected, the
stronger the evidence required proving that biodiversity will not be worse off after an offset.
Similarly in our framework, the higher the irreplaceability and vulnerability of biodiversity
affected, the riskier a compensatory claim becomes. This would change where the red area lies

in Figure 1.
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To illustrate the use of this framework, we describe its application to three types of value-chain
impacts for a fictitious agrifood company, in a case where the company has low uncertainty
gain measurements. If the company purchases a big piece of equipment, the impacts will likely
be poorly known and diffuse, since the equipment may be made from multiple composite parts
manufactured in many different parts of the world, brought together via a complex network of
different supply chains that may be challenging to track back to source and acquire an accurate

quantification of impacts.

In the first case, the agrifood company obtains an approximate estimate of the biodiversity loss
due to this purchase, measured with a modelled metric and using a corporate impact assessment
tool. It can then make a generic contribution to a low uncertainty conservation/restoration
project, without claiming that it offsets the impact of their purchase (case A, Figure 1). As a
second example, if the company imports cattle feed from a known location but with otherwise
limited information on the impacts, the company can contribute to conservation/restoration in
the vicinity of the location where the feed is produced — potentially in collaboration with other
businesses sourcing from the landscape. The area restored by the company’s action could be
commensurate to the estimated area needed to grow one year’s worth of the feed, or the money
contributed to restoration/to purchase credits could be commensurate to the cost of the feed.
The company can make a statement about this investment, stating that the contribution is in a
relevant location compared to one of their impacts, without claiming compensation (case B,
Figure 1). Finally, if the company converts land at a known location to pasture for cattle grazing,
it can purchase credits from a restoration project close to their pastures, in the same ecosystem
as the pastures, over a similar area of land, and targeting any specific species impacted by the
original land conversion. In this case, they can more confidently make a compensation
statement (case C, Figure 1). Such precautionary statements can contribute to more robust

tracking of corporate progress towards positive contributions to nature.

6. Conclusion

In practice, due to uncertainty and assumptions at multiple levels of the measurement processes,
perfect information is impossible to obtain for corporate biodiversity losses and gains. Limited
data availability, complex value-chains, diffuse impacts and modelling uncertainties affect loss
measurement, while gains can be challenging to track over time, imperfectly captured by
available metrics and often without credible counterfactuals. These uncertainties should not
discourage value-chain impact measurements, which remain an essential part of corporate
journeys towards biodiversity strategies that contribute to a ‘Nature Positive’ future. Collection

of more data and use of best practice can help reduce some of this uncertainty. Corporates
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seeking to compensate for value-chain impacts will, however, likely often still be confronted
with the challenge of wishing to make robust statements in the absence of perfect data. The
imperative to apply the mitigation hierarchy cannot be overstated: whatever the biodiversity
objectives, corporates should first apply the steps of avoiding, reducing and restoring, for
impacts occurring throughout their value-chain. Once they have done this, they should carefully
evaluate the level of uncertainty around the losses they induce and the gains they have
contributed to, and tailor the ambition of their claims to these uncertainties, for example by

using the guiding framework we propose here.
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