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Executive Summary

Headlinemessages
Quantitative disclosure of biodiversity impacts carries twomajor risks to businesses and financial institutions:

• Disclosure of impacts in termsofmetrics that donot alignwith the needs of investors, customers and/or
the general public and do not measure progress towards policy objectives. This might render the dis-
closure useless or even lead to accusations of ‘greenwashing’, despite best intentions.

• Loss of legal or public licence to operate because disclosed total biodiversity impacts are negative and
no remedy to o�set them is available.

This report suggests solutions to mitigating both risks.
The high current rate of species extinctions is a widely felt major concern. Metrics quantifying changes in

extinction risk are therefore likely to align with the needs of ESG investors, customers, and the general public.
The report shows that biodiversity impact accounting based on the PDFmetric (Potentially Disappeared Frac-
tionof species) addresses this concern. It approximatelyquantifies changes in themean long-termprobability
of global species extinction.

Furthermore, the report shows how one can o�set these impacts in the same currency, e.g., by focused
measures that reduce the risk of extinction of one or several high-risk species. Amarket for such o�setswould
lead to near-optimal allocation of resources to global species conservation.

Main result
The notion of the Potentially Disappeared Fraction (PDF) of species was introduced in the context of life-cycle
impact assessments.1 It was intended as a measure of the local “damage to ecosystems” caused by specific
anthropogenic pressures. The term ‘disappearance’ refers to extirpation in local communities. To compute
the global impact of specific pressures, the PDF is multiplied by the average local species density of a region
(or mean global species density for simplicity) and then integrated over the surface area of Earth (typically
di�erentiated by land, freshwater, andmarine surface). The result is in units of ‘species’, but not meant as an
estimate of the actual species loss resulting from a pressure.

As shown in this report, PDF-base impactmetrics do however quantify approximate impacts on one of the
most influential measures of global biodiversity status: the Living Planet Index2 (LPI). The LPI, in turn, has
recently been shown to be a measure of mean long-term global species extinctions probability.3 Specifically,
if S is the global number of species in the taxonomic or functional group considered, ED the time integrated
PDF-based environmental life-cycle impact of one unit of a product (units: species×year), as computed, e.g.,
using ReCiPe 2016,4 and r the rate of production of this production (units: 1=year), then the impact of this
production on the LPI is approximately

∆LPI ≈ −LPI ED r
S
: (1)

Rewritten in more memorable form, this becomes

∆LPI
LPI

S ≈ −(nominal PDF-based species loss) (global life-cycle impact): (2)

Significance for biodiversity impact disclosure
This interpretation of PDF-based metrics is significant in the context of biodiversity impact disclosures by or-
ganisations because:

1. Organisations can reportmitigation of impacts in terms of PDF as contributions to halting and reversing
global biodiversity loss as quantified by the LPI.

2. The derivation of Equation (1) points to opportunities to improve PDF-based impact metrics as better
data becomes available.

1



Executive Summary 2

3. This new interpretation of PDF-base impact metrics permits organisations to adopt—and report on—
localmeasures that compensate the di�use impact their operation has on biodiversity (asmeasured by
LPI), thus making their operation net biodiversity neutral or even net positive.

An organisation can achieve net positive impacts in terms of LPI, e.g., by adopting measures that change the
sustained abundances of the species on the land it holds by∆Ni (where i numbers species) and the resulting
change in LPI, estimated as

∆LPI
LPI

S ≈
X
i

∆Ni

Ni
(local mitigation impact); (3)

over-compensates the di�use global impacts of its operation by Equation (2). In the expression above, Ni

denotes the global abundance of species i .i By rebuilding populations of species close to extinction (small
Ni ), large positive o�sets can therefore be achieved.

LPI-derived impact metrics as e�icient decision support tools
The report demonstrates how several other biodiversity impact metrics can be understood as approximate
measures of change in LPI. Theymeasure impact in the same currency but are applicable in di�erent contexts.
Equation (2), for example, makes use of approximations valid for di�use impacts spread over global scales,
while Equation (3) is more adequate and rather easily evaluated on small spatial scales.

A third approximation derived in this report is valid at intermediate scales. It makes use of the Range-
Size Raritymetric,5 which conservation ecologists use tomake decisions on the placement of nature reserves.
TheLPI-derived impactmetrics discussedhere are therefore alignedwith thepracticeof conservationecology.
The STARmetric,6 supported by the IUCN, is a variant of Range-Size Rarity.

Common to this family of LPI-derived impact metrics is that, as illustrated in the discussion of o�setting
above, they naturally direct conservation e�orts to high-risk species—a desirable property for metrics aimed
at species conservation. Full marketisation of the metrics would lead to near-optimal allocation of resources
to species conservation in terms of LPI.3

This report thus provides a coherent, unified perspective on a range of biodiversity metrics for use in the
business&finance context. It is hoped to clarify some of the confusion felt about metrics and to contribute to
their e�ective use.

iFor species close to the extinction threshold a regularisation of LPI is required, which leads to a correction in Equation (3).3



1
Introduction

The need for genericmetrics of the biodiversity impact of organisations and their activities is widely accepted.
The fact that there is no single metric that addresses all requirements should not prevent the search for suit-
able science-based metrics that are widely applicable, directly speak to the needs of investors, customers
and/or the general public, and send the right market signals to attain the objectives they are designed to
achieve.

Species are currently disappearing fromEarth at a rate so high that it has been likened tomass extinctions
engraved in the geological record.7 Extinctions of species are a major public concern.8 On this background,
this report addresses the objective of reducing the rate of global species extinctions. It is writtenwith the con-
viction that, in order to be truly “science based”, a metric’s methodology should not only employ methods
used in scientific research. There should also be scientific demonstration that themetric is suitable for achiev-
ing the high-level objective it is meant to address. This requires careful quantitative reasoning, reflected in
the lush use of mathematical notation in this report.

Mathematical arguments reveal dependencies and relations between di�erent biodiversity metrics and
indices, thus helping to reduce the confusion felt across business, finance, and conservation communities
about the multitude of proposedmetrics.

A metric frequently used in biodiversity impact assessment tools for businesses and financial organisa-
tions is the ‘Potentially Disappeared Fraction’ of species (PDF).1 It quantifies the proportion of species locally
going extinct in response to external pressures and is typically determined through ecotoxicological experi-
ments. The metric underlies, e.g. the BFFI (Biodiversity Footprint for Financial Institutionsii), PBF (Product
Biodiversity Footprintiii) and awell-established family of tools developed for product life-cycle impact assess-
ments.

This report showshowPDF-based impactmetrics canbe linkedmathematically to the LivingPlanet Index2
(LPI). This is interesting in its own right, since LPI is awidely citedmetric of global biodiversity status. Basedon
the recent observation that changes in LPI quantify changes in mean long-term species survival probability,3
it also leads to an interpretation of PDF-based impact metrics in terms of impacts on global extinction risk.
Through the link to LPI, PDF-basedmetrics also become comparable to other LPI-derived impact metrics, ob-
tainedby invoking approximations valid in particular contexts. These express impacts in the samecurrency as
PDF-basedmetrics and can so be combined, e.g. in order to demonstrate o�setting of the di�use biodiversity
impacts of business operation.

In view of the central role the LPI plays in this analysis, Chapter 2 explains thismetric in somedetail. Chap-
ter 3 derives several approaches to estimating approximate impacts on LPI, thus establishing linkages be-
tween PDF, LPI, Range Size Rarity, STAR6 and global species richness. Chapter 4 briefly discusses o�setting
strategies.

iihttps://www.government.nl/documents/reports/2021/07/29/biodiversity-footprint-for-financial-institutions
iiihttp://www.productbiodiversityfootprint.com/
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2
The Living Planet Index

The global Living Planet Index (LPI) is designed to track average “species population trends”2 for a given tax-
onomic or functional group of species (herea�er “group of species” or similar). In defining the LPI, one needs
to distinguish the quantity it aims to represent conceptually and how it is being computed in practice.

2.1. Definition
Conceptually, LPI is the geometric meaniv of the global abundances of all species in the group considered,
normalised to a fixed baseline year.

LPI measures changes in geometric mean abundance of species.

Mathematically, ifS is the total number of species in the groupandNi the global population size of the i -th
species in this group, one can compute the sum of the natural logarithms (symbol: log) of population sizes as

L =
SX
i

logNi ; (2.1)

and from this

LPI = exp

„
L − L0
S

«
; (2.2)

whereL0 is the value ofL in the baseline year.

2.2. Computation
The global LPI for vertebrate species is regularly published by theWWF.2 The baseline year is 1970. Its value is
estimated from a large database of population time series using amethodology developed by the Zoological
Society of London.9 The methodology compensates for incomplete and uneven temporal, taxonomic and
geographic coverage of the database. It also takes into account that many times series in the database refer
to local or regional rather than global populations.

To address the last issue, the methodology estimates the trend in the global abundance of a recorded
species as the trend in the geometric mean of all population time series available for that species. One there-
fore might argue that the published LPI does not actually estimate changes in the geometric mean of global
population sizes, but the geometric mean of the sizes of local populations, which is di�erent, especially in
cases of local species extinctions.v However, if one changes the methodology to use a more appropriate

ivThe geometric mean ofN numbers x1, . . . , xN is defined as n
√
x1 · : : : · xN .

vLet the global population of a species be given by the sum of two local sub-populations, n1 and n2. Assume that n1 = 100 and
n2 = 100 in 1980, while n1 = 100 and n2 = 0 in 1990. Then geometricmean local population size has declined from 100 to 0 during this
decade. As an estimate of global population trend, this would imply species extinction. In fact, the species’ global population declined
only by a factor 1=2.

4
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Figure2.1: Comparisonof theglobal LivingPlanet Index for twomethods toestimateglobal abundances trendsof species
from limited local abundance data. Shaded areas indicate confidence intervals. The ‘Standard’ method represents the
global abundance trends by the trend of the geometric mean of local abundances, the ‘Modified’ method estimates the
trend from the sum of the available local population time series. To account for ignorance about the absolute population

sizes that time series e�ectively represent, all time series are standardised to attain the samemaximum value.

method to estimate global abundance trends of species from the limited available data, the resulting esti-
mate of global LPI changes only little (Fig. 2.1). One can therefore safely interpret the published global LPI as
estimating trends in global population sizes of species, as given by Equations (2.1) and (2.2). The analysis here
relies on this interpretation.

2.3. Regularisation and interpretation asmeasure of extinction risk
Since the LPI is proportional to the geometric mean of the population sizes of all species S in the group of
interest, it follows that LPI = 0a�er oneof those specieswent extinct. In Equation (2.1) thiswouldbe reflected
by L attaining a value of negative infinity (because log(x) → −∞ as x → 0+), which leads to a value of zero
for LPI by Equation (2.2).

Themethodology forpractical computationof theLPI circumvents thisproblemby invokingheuristic rules
when local population sizes approach zero.9,10

To overcome this problem on a conceptual level, define

Lreg =
SX
i

log (1 + Ni=N
∗
i ) ; (2.3)

with N∗i denoting the population size of species i at which demographic and environmental stochasticity
11

contribute equally to long-term population fluctuations (typical values forN∗i are of the order of 100 individ-
uals 11).

Lreg is proportional to the expected number of species still extant a�er a long time.

The quantity Lreg has particular significance in the context of species conservation: it can be shown that,
under some simplifying assumptions,Lreg is proportional to the expected number of species still extant a�er
a long time.3 The proportionality constant depends on the time horizon considered and other parameters of
the underlying model.

In addition,Lreg doesnot su�er fromthe singularities arising forL, Equation (2.1), in the caseof extinctions.
If oneof theS species in Equation (2.3) goes extinct (Ni = 0), the corresponding term in the sumbecomes zero
rather than negative infinity. Intrinsically consistent, an extinct species hence has the same e�ect as a non-
existent species. One the other hand, when all populations sizes Ni are much larger then the corresponding
constantsN∗i , the values ofLreg andL di�er only by some additive constant.vi In this case, a regularisation of
LPI by replacing L by Lreg in the definition of LPI, Equation (2.2), does not change its value. When species do
go extinct, however, the regularised LPI provides informative, non-zero values.

viForNi � N∗
i one can approximate log(1 + Ni=N

∗
i ) ≈ log(Ni=N

∗
i ) = log(Ni )− log(N∗

i ). HenceLreg ≈ L−
P

i log(N
∗
i ) in this

approximation.



The Living Planet Index 6

Importantly, by the role ofLreg as a predictor of survival probability, the regularisation of LPI by usingL in
place ofLregmakes LPI itself a predictor of the expected long-term survival of species and so a suitablemetric
for a risk-based approach to biodiversity.

Changes in LPI quantify changes in mean long-term species survival probability.

In most practical cases, populationsNi are su�iciently large compared toN∗i that the e�ect of regularisa-
tion is negligible. To the degree that this is the case, the conventional LPI is a predictor of long-term species
survival probability just as the regularised variant is.

In the following calculations, the conventional definition of LPI in terms of geometric mean abundance
via Equations (2.1) and (2.2) shall therefore be used for simplicity. It is worth keeping in mind, though, that
singularities arising in derived formulas for small population sizes can always be avoided by transitioning
fromL toLreg, at the price of slightly more complicated mathematical expressions.

Since in subsequent considerationsmanagementof long-termextinction risk is theprimaryconcern rather
than themanagement of the LPI, the questionwhether for a particular group of species an LPI time series has
already been published or not is not immediately relevant. Considerations regarding extinction risk are valid
regardless.



3
Estimating Impacts on the Living Planet

Index

The following discusses how to calculate anthropogenic impacts on the LPI in terms of other establishedmet-
rics, includingPDF. Thediscussionproceeds in several steps,with each step corresponding to the introduction
of a new approximation in the calculations.

3.1. The approximation of small impacts
The value of LPI changes as the populations of the species it represents change. When these changes are
small, one can approximate the impact on LPI to linear order as

∆LPI ≈
SX
i

@LPI
@Ni

∆Ni ; (3.1)

with @=@Ni denoting partial derivatives and ∆Ni the amount by which the global population of species i
changes.

From Equations (2.1), (2.2) and (3.1) one obtains by textbook calculus,

∆LPI ≈
SX
i

dLPI
dL

@L
@Ni

∆Ni =
SX
i

exp

„
L − L0
S

«
1

S

1

Ni
∆Ni =

LPI
S

SX
i

∆Ni

Ni
: (3.2)

Rearrangement of terms leads to

∆LPI
LPI

S ≈
SX
i

∆Ni

Ni
: (3.3)

The emphasis in the following will be on right-hand-side of this Equation (3.3).

3.2. Rasterization of Earths’ surface
Cover Earths’ surface by a lattice ofE non-overlapping surface elements of equal area∆A and, to the degree
possible, approximate square shape. Denote by ni ;s the number of individuals of species i in lattice element
e and by ∆ni ;s changes in these numbers. Summing over all lattice elements, Ni =

PE
e ni ;e . Equation (3.3)

can then be written as

∆LPI
LPI

S ≈
SX
i

PE
e ∆ni ;e
Ni

=
EX
e

SX
i

∆ni ;e
Ni

: (3.4)

It is worth noting that in Equation (3.4) the sum

SX
i

∆ni ;e
Ni

(3.5)

7



Estimating Impacts on the Living Planet Index 8

can be interpreted as describing the local density of impact at lattice element e in units of 1=∆A. The sum
over e adds these local impacts up to determine the global impact. To account for the fact that impacts do
not necessarily respect lattice boundaries onemight rather write Equation (3.4), using a spatially continuous
measure of impact density, in a form such as

(global impact) =

ZZ
Earth’s surface

(impact density) dA: (3.6)

However, to align with the practice of conservation ecology, the present analysis sticks with a discretization
of space as in Equation (3.4).

3.3. The approximation of constant population density
For practical reasons, conservation ecologists o�en work with presence/absence data of species at lattice
elements. Population density is disregarded. To emulate this approach here, assume that each species i has,
wherever it is present, a constant density i . That is, either ni ;e = i∆A or ni ;e = 0.

Denote by Ci the index set of those lattice elements where ni ;e > 0 and by |Ci | the number of elements of
this set. ThenNi = i |Ci |∆A in this approximation.

Let xi ;e = 1 if the some impact leads to extirpation of species i in element e and xi ;e = 0 otherwise, so that
∆ni ;e = −ixi ;e∆A. The possibility of colonisation of new lattice elements by species is disregarded. Validity
of the linearization of changes in LPI in Equation (3.1) requires that xi ;e = 0 formost occupied lattice elements.
Under these simplifying assumptions Equation (3.4) can be written as

∆LPI
LPI

S ≈ −
EX
e

SX
i

ixi ;e∆A

i |Ci |∆A
= −

EX
e

SX
i

xi ;e
|Ci |

: (3.7)

The crucial observation at this step is that each species’ density i and the size of lattice elements∆A cancel
out.

3.4. The approximation of total destruction
Equation (3.7) can be a good method to estimate biodiversity impact if range maps for the impacted species
are available and xi ;e is predictable, for example because most species will be extirpated at the impacted
lattice elements.

In the approximation that all species (of the group of interest) will get extirpated at impacted lattice ele-
ments,

∆LPI
LPI

S ≈ −
X
e∈I

X
i

e∈Ci

1

|Ci |
= −

X
e∈I

RSRe ; (3.8)

where I denotes the index set of impacted sites, the notation e ∈ Ci means a restriction of the sum over i to
those species i that are present at e (i.e. e is within their range), and

RSRe =
X
i

e∈Ci

1

|Ci |
(3.9)

defines the metric known as Range-Size Rarity.5
The Range-Size Rarity metric and variants thereof12 are o�en considered in conservation ecology, espe-

cially in the selection of protected areas for species conservation. In the simplest case, one would place pro-
tected areas in the subset of lattice elements with the highest Range-Size Rarity, with the size of this subset
depending on conservation e�ort.

Protection of high Range-Size Rarity areas minimises long-term extinction risk.

Above calculation shows that this practice minimises, within a specific approximation, the potential im-
pact on the LPI by total destruction of randomly selected unprotected sites. By the interpretation of the LPI
as a predictor of species survival, this implies that selection of protected areas based on Range-Size Rarity is
the strategy thatminimises long-term global species extinction risks if rangemaps are the only data available.
This result substantiates intuitive arguments conservation ecologists have invoked since 1991 to justify use of
Range-Size Rarity in conservation decisions.13
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Figure 3.1: Comparison of Range-Size Rarity (RSR) and Species Threat Abatement and Recovery (START) metrics for am-
phibians, birds and mammals. Spearman’s rank correlation of the two global data sets is 0:80. Logarithmic major axis
regression yields START;e ∝ (RSRe)1:51. The START data was published in Ref. 6, the RSR data was provided by IUCN

(https://www.iucnredlist.org/resources/other-spatial-downloads).

3.5. STAR as a variant of Range-Size Rarity
The Species Threat Abatement and Recovery (STAR) metric6 is a weighted variant of Range-Size Rarity. The
threat-related STAR (summed over all threats), for example, is given by

START;e =
X
i

e∈Ci

Wi

|Ci |
; (3.10)

with the weighing factorsWi quantifying the IUCN Red-List category of species i by an integer ranging from 0
(Least Concern) to 4 (Critically Endangered).

STAR and Range-Size Rarity are closely related metrics.

In a sense, START contains information on threat level twice. In the form of range size |Ci | and through the
weights Wi . Indeed, Wi and logarithmic range size are strongly correlatedvii. Because |Ci |-values vary over
many orders of magnitude, most of the variation in START is due to |Ci | rather thanWi . As a result, the global
patterns of variation of START;e and RSR are very similar (Fig. 3.1).

3.6. The approximation of random extirpations
Instead of localised total destruction one can also consider the case of wide-spread small impacts. This is
the kind of problem typically considered in life-cycle assessments. In this context, the concept of the poten-
tially disappeared fractionof species (PDF) has been introduced to quantify di�use impacts of products on the
environment.1 Themetric is defined as the proportion of locally extant species that get extirpated (i.e. ‘disap-
pear’) as a result of exposure to a pressure such as environmental pollution. The ‘disappearance’ of species
quantified by PDF is considered reversible once the pressure has ceased.

Denote by PDFe the potentially disappeared fraction of species at site e. Now, recall that if a species i
locally disappears (i.e. is extirpated), then xi ;e in Equation (3.7) is one, andotherwise it is zero. If theprobability
that a species i extant at some site e is amongst the fraction that locally ‘disappears’ at this site is statistically
independent of its range size |Ci |, one therefore obtains from Equation (3.7)

∆LPI
LPI

S ≈ −
EX
e

SX
i

xi ;e
|Ci |
≈ −

EX
e

X
i

e∈Ci

PDFe
|Ci |

= −
EX
e

0B@X
i

e∈Ci

1

|Ci |

1CAPDFe = −
EX
e

RSRe PDFe (3.11)

on average.
Equation (3.11) nicely summarises relations between various status and impact metrics used in the study

and conservation of biodiversity: LPI, RSR, PDF and global species richness S.

∆LPIS ≈ −LPI
PE

e RSRe PDFe

viiSee Extended Data Figure 4b in the original publication.6

https://www.iucnredlist.org/resources/other-spatial-downloads
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3.7. The approximation of Range-Size Rarity by species density
Range-SizeRarity is closely related to speciesdensity. To see this, consider the sumofRSRe over anarea that is
much larger than the typical range of a species, such that the range of each species is to a good approximation
either entirely within this area or entirely outside of it.

The S species i in the group considered can then be divided into two sets: those not contained in the area
considered and those that are. The former are excluded from the sum

P
i ; e∈Ci

|Ci |−1 defining RSRe for any
lattice element e in the area considered. Species of the latter type contribute toRSRe at |Ci |di�erent elements
e within the area, each time by 1=|Ci |, such that the total contribution of each such species to the sumof RSRe
over the area is 1. The sumof RSRe over the area therefore equals the number of species in this area. It follows
that, when averaged over large spatial scales, RSRe equals species density (i.e. the number of unique species
per unit area) in units of the inverse size of a lattice element 1=∆A.

On large spatial scales species density is easier to determine than Range-Size Rarity, as it does not require
detailed information on species ranges. With SDe denoting an estimate of species density for lattice element
e, one can therefore usefully approximate Equation (3.11) further as

∆LPI
LPI

S ≈ −
EX
e

SDe PDFe : (3.12)

3.8. The approximation of constant species density
If one assumes that species density has, for the group of species considered and at those locations e where
PDFe > 0, a fixed value SD (in units of 1=∆A), then Equation (3.11) simplifies further to

∆LPI
LPI

S ≈ −SD
EX
e

PDFe : (3.13)

The right-hand-side of Equation (3.13) is of a form typical for environmental life-cycle impact assessments.
Its conventional interpretation as a measure of integral ecosystem impact is, similarly to the case of Range-
SizeRarity, ultimately rooted inheuristic arguments. By themathematical analysis here, theexpressionon the
right-hand-side of Equation (3.13) can be understood as ameasure of impact on LPI, and, since LPI quantifies
long-term species survival, as a measure of impact on long-term species survival.

If one writes the species density in Equation (3.13) as SD = S=E, recalling that S denotes global species
richness and E the total number of lattice elements covering Earth’s surface, Equation (3.13) becomes

∆LPI
LPI

S ≈ −S
E

EX
e

PDFe = −S
PE

e PDFe
E

= −S PDF; (3.14)

with PDF denoting the global average of PDF, the probability of local species extirpation. CancellingS on both
sides leads to the compact result

∆LPI
LPI

≈ −PDF (3.15)

for the relation between PDF and LPI.

3.9. What PDF predicts about global extinction risk
The considerations above establish a relationship between local extirpations and global extinctions. The re-
lation is, however, not as simple as one might naively expect. In Equation (3.14), for example, the product of
species number and probability of extirpation can be read as a nominal predicted species loss. An interpreta-
tion as an actual prediction of global species loss, however, would be incorrect.

To establish the specific link to global extinctions, note that, in the linear approximation invoked through-
out this chapter, the le�-hand-side of Equation (3.13) can be re-written as

∆LPI
LPI

S =
S

LPI
dLPI
dL ∆L =

S

LPI
exp

„
L − L0
S

«
1

S
∆L = ∆L ≈ ∆Lreg; (3.16)

with∆L denoting the small change inL corresponding to the small change∆LPI in LPI, and∆Lreg the corre-
sponding change inLreg. The last step follows becauseL andLreg typically di�er only by an additive constant.
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SinceLreg is proportional to the expected number of species surviving a�er a long time, the quantity given
by Equation (3.14) is, by Equation (3.16), proportional to the change in the expected number of species that
are still extant a�er a long time. As explained above the proportionality constant depends on the timehorizon
considered and other parameters.

Figure 3.2 summarises the approximations involved in establishing this and other relations discussed in
this report.
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Change in
expected long-term
species survival

∆Lreg∆LPI
LPI

S

∆L

SX
i

∆Ni

Ni

EX
e

SX
i

∆ni ;e
Ni

SX
i

∆ni
Ni

∆BSC−
EX
e

SX
i

xi ;e
|Ci |

−
EX
e

RSRe PDFe−
X
e∈I

RSRe

−
X
e∈I

START;e
−

EX
e

SDe PDFe

−SD
EX
e

PDFe

−ED r

see Ref. 3

Ni � N∗i

small changes

rasterization

constant pop. density

extirpations uncorrelated with |Ci |−1

scales larger than range sizes

constant species density

constant production rate r

small proportions held

small changes

total eradication in I

correlation

o�site impacts average to zero

Figure 3.2: Approximations underlying the relations discussed in this report. Annotations of arrows indicate the underly-
ing simplifying assumptions. Where these assumptions are inadequate corresponding approximations can be omitted.



4
O�setting Impacts on the Living Planet

Index

This chapter briefly discusses strategies and consideration for o�setting biodiversity impacts quantified in
terms of the associated changes in the LPI.

4.1. From PDF-based life-cycle impact assessment to global biodiversity impacts
It is commonpractice in life-cycle impact assessments to first consider severalmidpoint level e�ects of a prod-
uct (e.g. di�erent forms of environmental pollution) and to then sum up these e�ects in a common currency,
which is given by the impact that themidpoint level e�ects have on the endpoint of interest. The environment
is thought to eventually recover from themidpoint-level e�ect of one unit of product, leading to a correspond-
ing recovery of the endpoint. Life-cycle assessments therefore report the time-integrated e�ect of a product
at the endpoint level over the duration of the e�ect. As a result of this integration, units of impact generally
contain a factor ‘year’.

The tool ReCiPe 2016,4 for example, output a measure of damage to terrestrial and freshwater ecosys-
tems in units of species × year, where the factor ‘species’ derives from calculations analogous to the right-
hand-side of Equation (3.13) and the factor ‘year’ from the time integration. When multiplying this measure
of ecosystem damage (ED) by the rate r of production of the product, one obtains an estimate of the static
e�ect of continuous production. Alternatively, one could compute static midpoint and endpoint e�ects re-
sulting from a given continuous rate of production directly and obtain the resulting global impacts as in Equa-
tion (3.13).

Nominal PDF-based species loss correlates with change in global extinction risk.

Thus, conceptually,

(change in mean extinction risk) ∝ −∆LPI
LPI

S ≈ SD
EX
e

PDFe = ED r = (nominal PDF-based species loss):

(4.1)

This deeper understanding of the ecosystem impact measures generated by life-cycle impact assessments
points to avenues for e�ective, demonstrable o�setting.

4.2. The approximation of local impacts
To compute the e�ects on global LPI of pronounced, localised impacts by an organisation resultig from busi-
ness operation or conservation measures, use of the direct estimate in Equation (3.3) is advised.

It can be simplified further by disregarding indirect ecological e�ects of these impacts outside the area
controlled by the organisation. Such long-range e�ects, caused by migration and dispersal of individuals,
exist, but simulations suggest that their mean e�ect on global population sizes is close to zero.14

13
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Denotebyni theabundanceof species i within theareacontrolledby theorganisation. ThenEquation (3.3)
simplifies further to

∆LPI
LPI

S ≈
SX
i

∆ni
Ni

; (4.2)

with∆ni denoting changes in ni . Because global population sizesNi vary overmany orders ofmagnitude, the
sum on the right-hand-side of Equation (4.2) will o�en be dominated by just a handful of species. When the
area controlledby theorganisation containsoneor a fewparticularly rare species, changes in their abundance
canmake large contributions to the sum that entirely dominate it.

Targeted conservation measures can o�set di�use impacts on LPI.

Consequently, measures to protect and enhance the populations of rare species can generate substantial
increases in LPI. Organisations aiming to o�set di�use negative impacts on LPI resulting from their operation
can therefore engage in the rebuilding of populations of rare species to o�set these impacts. Alternatively,
they may partner with other organisations that provide the o�setting as a service.

4.3. From a planned to a dynamic economy of biodiversity
Biodiversity o�setting schemes based on restoration measures must consider the real risk that anticipated
biodiversity gains do not materialise. This risk can be addressed by making its management an economic
activity rather than part of the planning and forecasting involved in computing predicted biodiversity gains.

Define the Biodiversity Stewardship Credits3 held by an organisation asviii

BSC =
SX
i

ni
Ni
; (4.3)

with ni again denoting the abundance of species i within the area controlled by the organisation. As long as
the proportions ni=Ni held of each species by an organisation are not too largeix it follows fromEquation (4.2)
that

∆LPI
LPI

S ≈ ∆BSC; (4.4)

with∆BSC denoting a change in the BSC held by the organisation.
The crucial di�erence between Equations (4.2) and (4.4) is conceptual rather than mathematical. Equa-

tion (4.4) suggests that an organisation can demonstrate the contributions of its local activities to LPI by
comparing measured BSC before and a�er an intervention (rather than based on projections of population
change). These demonstrated credits could then be used to o�set di�use impacts as estimated, e.g., by Equa-
tion (4.1). Alternatively, the credits could be acquired from partner organisations. In either case, an organisa-
tion can use this scheme to demonstrate an overall biodiversity neutral or positive operation.

It is worth emphasising that, since continuous production at a constant rate leads to a constant change
in LPI by Equation (4.1), an organisation needs to build the BSC to o�set this change only once and then keep
holding the BSC to maintain biodiversity neutrality. When production ceases, the credits can gradually be
transferred within or across organisations to o�set other forms of operation, at the rate that the environment
is expected to recover from impacts. Tools such as ReCiPe 20164 implicitly or explicitly include models for
the dynamics of these recovery processes.

Similarly, the environmental impacts resulting from the production of a product at constant rate gradually
build up over time. Correspondingly, the BSC required for o�setting can be built up gradually, leaving time
for populations to grow and ecological communities to form naturally on the land held for this purpose.

Acrucial characteristicof this scheme is thatboth the riskofunder-performanceofBSCrestorationprojects
and the opportunity of gaining transferable surplus BSC in well-managed projects lie with the landholder
viiiThe definition in Ref. 3 includes a regularisation related to the di�erence betweenL andLreg.
ixWhen ni=Ni � 1, proportional changes in Ni resulting from local conservation measures are much smaller than proportional

changes in ni and so can be disregarded when computing changes in BSC.
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rather than with an organisation computing anticipated future credits. This creates incentives for fast, e�i-
cient and predictable building of BSC and so improved allocation of resources to biodiversity conservation.
One can show3 that an ideal market for BSC would lead to near-optimal allocation of resources to attain a
given value of LPI—and so reduce mean long-term extinction probability at minimal cost.

Marketisation of the risks of biodiversity o�setting improves risk management.

Such e�iciency gains throughmarketisation of biodiversity o�sets become possible because impacts and
o�sets are measured in a common, genuinely science-based currency. More restrictive like-for-like o�setting
schemes forgo this potential for e�icient resource allocation, and so risk diverting scarce resources away from
interventions that genuinely reduce the risk of global species extinctions.
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