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FOREWORD

BRUNO DAVID, President, Muséum national d’Histoire naturelle

In this context of increased awareness of the urgency to protect
Nature, the basic foundation that feeds and supports us in every
aspect of our lives, public and private actors are increasingly
motivated to take action. The Muséum national d’Histoire natu -
relle, leveraging 400 years of research in natural history, is proud
to provide scienti ¢ support to assist them in their undertakings.

The Muséum national d’Histoire naturelle advocates for a natural
history approach that sees humans and their societies as integral
parts of the living world. Embracing this approach would enable

companies to become more aware of the underlying interactions

they have with the living environment that surrounds them.

Natural history can help companies to think about their role and
responsibilities, and how they can build a clear, ethical position
as actors of environmental change, at the heart of highly debated
societal issues. In that respect, developing trans-sectoral and
transdisciplinary partnerships that build bridges between scien -
ti ¢ and business communities will be instrumental. Building and
strengthening those bridges is in fact one of the Museum’s ve
activities, in the form of providing expertise.

The partnership between the Muséum and the SCOR Corporate
Foundation for Science that led to this report is a great illustra -
tion of how an industry leader can team up with the scienti ¢
community in order to be er understand the interdependencies
Awareness of and interest in the fate of the living beings that between biodiversity and its business activities.
compose the web of life that we humans are part of has been
steadily rising in the past few years. Despite the fact that the Human societies themselves are ecosystems in which the ele -
COP15 of the Convention on Biological Diversity has been post - ments are related and need to be mutually irrigated. Scienti c
poned to 2021, protecting biodiversity has never been a more research needs partnerships and funding to move forward
burning issue. The COVID-19 pandemic was likely triggered into exploring new directions, while companies need scienti ¢
by the deterioration of Nature’s conditions. Its consequences research to prepare for the future on a sound and sustainable
remind us that human systems depend on their environment. foundation.

© William Lacalmontie

This partnership has proven to be a real success and lays the
groundwork for many others.

Bruno DAVID
President of the Muséum national d’Histoire naturelle
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EXECUTIVE SUMMARY

Humans evolve in a given environment, i.e. all their activities are constrained by that environment and
what it offers at any given time and place. This report investigates the interactions of one such activity,

the re/insurance industry, with the ever-evolving surrounding environment in which it operates and that is

characterized by biodiversity, that is the diversity of Earth’s living beings.

To that end, the present report starts by providing scientific evidence on e™+  ™MO%LAM™MEY ¥+AA t«

ractions (impacts and dependencies) with human societies. It goes on to investigate the % ™ AEA E—tE o
. MO % %A™MEY ¥+ AA »+ A % Andthenekimninel +€ ™ % B Wb B « AT 3% %A t¥% % %o U»+ A %

— X E—%Y t'""%€E ™z ™ OdadvwBAatiopportHnitids exiskiar thesmAo align their agenda

X™ME — «e™+  ™MO%LAM™MEY € —t¥¥ % «“% A+

PART 1A SCIENTIFIC PERSPECTIVE ON BIODIVERSITY AND
HUMAN SOCIETIES

MAIN FINDINGS

R ™1 . ™ QO@sMIYEYBEtY refdr<idums delvBAried Biodiversity is about interdependencies . Changes in one of its

forms of life on Earth which constitute the “web of life” . It elements initiate a 2I¥E ™E[...% ' €tA€t.. M«" % A% €E
encompasses three interdependent levels of diversity, namely chains of ecological interactions , which in turn initiate feed -
ecosystems, species (plants, animals, fungi, microorganisms) *t€£ %o A %IBdvhhole process behind the loss of biodiversity

and genes (i.e. individuals within each species). This “web of is thus extremely complex to apprehend, yet the ¥+ AA -.Y«t

life” provides the goods and services thatare O ™ Et¥ E+ — [3nicis undisputed . We are inthe middleofa O ™E£™+[A €™ 3, € ¥
¥™MO%Y¥™ —++ .. A These dwsEcHled EF %A Y AE %2 Adedradation that was initiated and is continuously fueled by

O ™ @pssMature’s contributions to people” (NCPs) can be harmful human activities. This unsustainable dynamic is forcing

categorized as Regulating NCPs , i.e. those providing the basics t "Vt x ™M« «i2e% ¥ £' ™M, . ™MO™  [t¥A t«.. €+2»
that support human life (e.g. Habitat creation and maintenance, t .. %E€EY%otA™«" t2xi«E ' tOvitiVantin¥rétasifg H A
Pollination and dispersal of seeds, Regulation of air quality), ta+[«E 2’ [«€%HEt™MEY €2«€% ¥« ™« E—% %% tEE
Material NCPs, i.e. those providing material goods (e.g. Energy, to these harmful impacts and how far they are from causing

Food and feed) and Non-material NCPs i.e. those providing full disruption

“spiritual ingpiration and iearning”.

The intricacies of ecological interactions and the complexity
T—% A€E™M%B«E™a®E a%AAL“% ™A ¥+i.. t«.. S¥thetldss dyiamic Makeks virkidMEiMpd¥sible ¥o¢devise an
its forms is degrading at an alarming and unprecedented index covering all aspects of biodiversity changes, unlike the
ate, to the point wthere scientists consider that the  sixth mass “+2°C” mitigation target  for climate change. For that reason,

tiiction  has begun. the Convention on Biological Diversity (CBD) Strategic Plan
for Biodiversity 2011-2020 relied on the 20 “Aichi Biodiversity

Humans are living beings and hence integral parts of biodi - Targets”. The issue of se ing targets will again be central at
O %o . Mirians depend on the existence of ecological inte - the CBD’s COP15 in Kunming in China, where the international
ractions. Individuals and companies interact with biodiversity to community will gather in 2021 to agree on a post-2020 Global
co-produce goods and services that are essential to the good Biodiversity Framework with a new set of targets.
quality of life and business. To that end, individuals and orga -
nizations imake decisions and take action which have a positive Science is continuously advancing and making progress in pre -
or negative impact on biodiversity, depending on the type of cisely describing the state and dynamics of biodiversity loss.
dynamic that is engendered, namely trade-o s, synergies or Yet, much remains to be studied concerning:

substitutes. The accumulation of those decisions and action
on the global level has ledtoa €¥%ot¥% .. Y«ta™€ ™ "tO£3% ™* EMPB% LA™MEY t«.. %€E+AYAE%ecahse %0 ™£%

production of material NCPs at the expense of regulating the vastness of biological diversity and the complex interde -

and non-material NCPs . pendencies on all levels are far from being fully mapped yet;

Through our choices as human beings and their implications, we —the consequences of their loss on humans , because a great

are indeed responsible forthe @ O % 2t ™ « ...% ™ O %% A +dedl is-dtill tittknown about the risks and impact mechanisms on

biodiversity: changes in land and sea use, including habitat loss both the sectoral and macroeconomic levels;

te... % "%t tE™Mt«. A»%E™M%BA +O0% %% U»¥+t ™MELE™Mt«. McOtA™MO% A»%€™ % A

and disease; pollution; and climate change. Climate change — E—% ¥%O% %A E+ @a™E ™M“tE %, AbEcaus@ a»t€E A
ta... o™+ . ™QO %% & PHEAVGHYA A « &hBcHNOR desied. . assessing “what works” to reduce anthropic pressures on ecosys -

“twin crises” in that climate change has detrimental impacts tems in terms of policies, metrics and indicators is an on-going

on biodiversity and biodiversity loss a ects the climate-change process and no harmonized framework has emerged yet.

dynamic. In that sense, lessons learnt from the climate sphere
could be of great use to tackle the biodiversity crisis.
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PART 11HUMAN SOCIETIES AT RISK FROM BIODIVERSITY LOSS
MAIN FINDINGS

Environmental risks (including biodiversity-related risks) can

be quali ed as “green swans” , in reference to the commonly
used “black swan” metaphor. These types of risks share deep
[«€E% HMEt™MEY, «+«|¥™«%t¥%

Financial institutions also face biodiversity-related physical
and transition risks. However, because they are not directly
engaged with biodiversity in their business operations, they
»YE»t tE™ + « arB ¥ %Az £ M B % SESYEHVIBsOdental Ghanges per se.
externalities and geographic magnitude . In addition, “green Still, theyare ™ « ... M 3% % €E¥Y % U»+A %o ...
swans” are characterized by a — ™ *“— ... %0“ % %0 % * ' € %LVIEE™ HEAY tk!.. ™M«.. ™MO™ _[t¥A xTWelf facexa— ™ME— E—% Y %o« “t“%o
occurrence , an %o U E 3% %0 2 %o ¥ %o O %iheypbstexistekal higher level of nancial risks because the risks inherent to their

threats to humans) and a — ™ “— %0 % ... %o “ % %o %o(dhé € + 2coMri¥erpaltis ¥re also transmi ed onto them (via investments,

to the complex chain reactions and cascading e ects). The loans, underwriting or advice). Consequently, they are exposed

potential
added to the features of “green swans”. and A+¥O% «€Y %™MAELA

The intricacies of biodiversity and human activities, the global The combination of these micro-level risks could create vulnera -
interdependencies of supply chains, the €tA€t... ™ «“ t«... '%o %o .bilitt@fonthe 3t€ ¥+ %€+ «23™E ¥% O %o ¥, »+E%o«E™¥¥Y
%o A %o &filvers of environmental change, the dissemination E—% X—+¥% % €+ «niiftt iEnpActsoR Patérnational

of dependencies and impacts over time and space, and the trade, regulations, interest rates and geopolitical stakes, as

interference of political, social and economic factors all add a modelling exercises have already shown. These impacts would

¥tY% % +' [«€% HEt™MEY tA Ex E—% 2t“«™E | in ternihiave™ .+ % B 9 M 994 MEELW¥| Y9860%oan #hie€ Baréiadk %o € E A
¥tE%o .. ™AL atE% % ™t¥ ™MATE ™ £ « system, businesses and individuals.

Individuals and organizations are exposed to biodiversity-related
risks through » — Y A ™ € t, ¥whic"afestilfe material conse -

Underlying all these risks is the central question of how we

Ot¥i% t«.. ™ «E % "% tE ¥to-detisionTmakiigianitie E Y

guences of the changes in biodiversity and in the quantity and individual, corporate and national levels. €z «x2™€ Ot¥[tE ™+ «A

the quality of goods and services provided by nature. Individuals showthat E—% Ot¥i% +’

are threatened by increased health issues, a reduced or lack of +' —jat« ™(EeYtbédworld GDP). But because the %o « %o & E A

access to resources and ™ « €% %ot A %o ... O1¥ « %o ¥%te ™ ¥ MofieXplditing %atlife Hesdmpaediate |, but the damage caused

%o O %, witild organizations can su er d isruptions in business oY «%0“tE™O% % UE % %« t¥™ME ™% A ™A a+3,% ...

operations dueto €+23ax . ™MEY ¥ M™MALA Al» add | € —¥ht¥By™ A®A Ehe,MuddEShains between biodiversity loss

material damages . and business risks t % %0 «+E Y % E & %2 ¥ YThe BusSine¥s™ A — %o ...
case to protect biodiversity must still be made. Finding ways to

Individuals and organization also are exposedto E ¥%t«A ™ E ™ + « 30 %AFA « M A% E—%o ¥+t ... %o (6.gOtMANRSC arid « t E | % %o

which arise because human societies a empt to mitigate or sacred values among others) and to integrate them in strategic

adapt to these changes in biodiversity by transitioning to more te... ..t™MY¥Y . % € ™yoiifttbe I &t Btep“toward the

sustainable systems. Individuals are a ected through impacts on mitigation of biodiversity-related risks.

their social and economic situation as well as on the geopoli -

tical context, with '+ %€ %o ... 2™“3tE ™ + « Busitleses« ¢ ™M € E A

are exposedto ¥%%o» [EtE ™M+« L™MAEA, 2t%UE%E L™MALEA, L% “I¥tE£AY t«..

¥TME ™ “{E Mg welbadvah €« €™ tY¥ ¥ ™AEA

The materialization of biodiversity-related risks depends on the

combination of exposure and O [ ¥ « %o % t ef ihditidEa¥s and

organizations. Individuals face unequal exposure to biodiver -

sity-related threats depending on their location, socio-eco -

nomic class, but also gender, while the exposure of a business

depends on its sub-industry and production processes, given

that risk materialization can transmita ¥+ «“ Ot¥i% € —t™«A t«...
across whole sectors .
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™ 3, %% O % YaA™e™YT™EY + cobldaleoBes € +tombditioh%h «&E%IA... ME L ™MAELA, [«... % %x¥%™ME M« 4 ™MAEA, ¥™ML[™

...% AEte™Y¥T™ 3™ «duals, companies, nancial institutions and economic systems.

«tET%%UA t««it¥ »%+ . [€EE™x« % U€% % ... A E—tEcritical ilinesses and death). The collected premiums from the

™ATA%, ¥+«“|E% %2 tcialrdturdis. A reinsurer’s business operates essentially like that

PART 11BUILDING BRIDGES BETWEEN BIODIVERSITY AND
RE/INSURERS: DEALING WITH UNCERTAINTY

MAIN FINDINGS

An insurance system is intended to hedge against micro and 0 W b oo

at€3%+ ¥ At Auild resilient societies . Relinsurers are

T — %o A %o ™ O %ERA AR Y™ 76 TbakeE BROBaultiple
nature, depending on the line of business:

E—%zi"— E—% % €+«+2™¢ t€EdMderwriters , they bear risks for other individuals and entities

in exchange for a premium, ensuring stability and crisis recovery
through % ™ A £ E ¥RsliAsiaite companies also rank among
the largest ™M « AE ™M E[E ™ + « t §ivify ¢H@mbosAitStaftiAl
power over the channeling of funds in the economy. Their core e ects that can vastly increase maximum losses. Conse -
™ BXpets® A £IA A %o AA ™« 2% | %o ¥¥ ™" Wit«E ™'Y Myéntly the stahdard Msufance practices relying on risk
Y% ™anfifheir A™ «“1¥t¥% »+ A™ME ™+« x ™ Erovilex E— %0 @vérsicatiori and pooling are ine ective and insurance
them with a [« ™ %1% » %o ¥ Brotie €A YAERH 2 ™ € DA » % € E Acompanies could be unable to cover the losses in a given
biodiversity loss and its potential cascading e ects on indivi - geographic area. Because of biodiversity loss, many currently
insured risks can become uninsurable (or insurable, but at
an una ordable price for customers) and re/insurers could
be i«te¥% Ex »%+0™ .. % A+¥IE™+«A "+% %o 2%
o >» % %tE ™ + « fRhe3prd'tdblily of the underwriting

— The underwriting branch is exposed to:
o Y«™«Al%te ™ ¥BioHiVerdityMdlafel risks are systemic
risks, di cult to measure and with high potential knock-on

The re/insurance business is based on two pillars, underwriting
t«... ™ «O %nkte hdérwriting business, there are two main
types of insurance policies o ered to individuals and organiza - business relies mainly on the ability of the re/insurer to
tions, namely H¥%=»% % EY E tAIt¥EY =Kc@erng™ «A | % teo@réetly price and pool the risks in order to obtain an
mainly physical damages to property, operating losses, trade in ow of premiums higher than out ow of claims payouts
credit and liabilities) and 2 ™' %, E % %ot ¥ E {provicingilifet « € %  and operating expenses. Biodiversity loss could translate
insurance as savings products and covering health risks such as into:
physical injuries, disabilities, long-term care, medical expenses, - H% ™ € ™ JfP&CTMaAdA ife & Health risks are underes -
timated and inaccurately priced, pricing risks arise;
¥t™aA 3pivtivdrsity loss could lead to a higher average
number of claims, a higher average amount of claims and
a phenomenon of geographic or sectoral concentration
of claims (e.g., in the P&C case, increased infrastructure
damages);
™2 ™MEE%o ™ ¥ AV \REith eXdolVidgElegislation, claims under
liability policies due to harmful impacts on biodiversity
could increase. The exposure would however depend on
the type of liability policies underwri en by the company,
For this report, we de ned the concept of “risk” for a re/insu - as well as the development of a legal framework around
rance company as t E— %% tE x —™E€— €+[¥ ... “% « %0 ¥% tEotiversityt « € ™ t ¥
¥+AA% A ™' ™E Refitsuerydré Budidesses and hence
exposed to » — Y A Bh€ tB¢¥t « A ™ E ™similapadMhbgelof
other businesses. However, the A » %o € ™ a0 thele a¢tkitles
mean that they have a speci c risk pro le:

underwriting business fuel the ™ « O %0 A E ™ « *, whiBhsdree A A -
charge of investing in a broad range of assets to generate nan -

of an insurer’s, except that reinsurers mainly o er coverage for

insurance companies or large industrial risks. In order to provide

capacity to insurers, reinsurers are 2+ %% ... ™M O % %A ™ & %o ...
+' %o€xr«*xa™E A% EE+ YA twhichida képaspeet ¥

their business model.

— The ™ « O %0 A E ™ «i$ expgosed te-risks similar to those of
other nancial institutions, i.e. ~ %% ... ME % ™AE, Tt%E%E % ™A
Ya™AE2 ™M™ TMEY 3 ™AL

—Thereis €¥+A% E+ A% %% ... M¥%%EE ™ «E % ¥%t€E ™heselnEexi%etaar chrisetMgtAd deisadiRg state of nature.
t«... o™z | ™MCousehleiE they suer O% %Y % x ... "BeE&i€ B0 doubt that, if not addressed properly and promptly,
» — Y A ™/evMxedpt for the infrastructure they own (e.g. the disruptions in Nature's contributions to people will cause
ooding of their buildings). an ™M« €% % tA% ™« E—% ' ¥%o¥% %o «€Y, M«E% «A™E

e 1 ™ % ¥ A ™ E YilBickaMit &6t eactuaNdieschy level
— That being said, they are exposed to transition of human societies, including re/insurers. Yet, the transmission
to those of: mechanisms between disruptions in ecological interactions
* Businesses: % %o » I[EtE™+« % ™AL, at%E%E % ™ Adhd thednaietinkzatianvofrisks within the highly sophisticated
¥ T™ME ™ “t E TMad sk MAEERTYE ™A £ A underwriting and investing processes are extremely complex to
« Financial institutions: €% % ... ME % ™AL, ¥ ™M1s{™  Tagablishi BYidehce Arrtielbatisal@Nains is just starting to emerge.
Y% ™MAEAEYat«... %o ... ItAA%E % ™AE

% ™siildr

This report specifically analyses the case of pandemics to
%o U%2»¥ ™'Y E—% €—t™« %%otEE™Mt« "2 e™4
Ya™EY ™A% ... L™MALEA £V Y% 8™ « Al % ¥ A
™M O % Vs A™E Y | % %0 ¥t E %o ...
One way to mitigate these risks isto Et€£¥% E—% ¥%++E €ti
of this vicious circle of biodiversity degradation, i.e. halting
activities that negatively impact biodiversity in the rst place,
while promoting activities that are bene cial to its conservation
and restoration.

— In addition, they are exposed to E %t« A2 ™ % %4 Ak
»E¥™MEY _+¥ % %A s indiVMualsdand Brfatézdtions,
are »+ E %o « E ™ t¥ ¥ Yarih Db ¥ A%Boodate ¥ %o Ex e ™z
% ™ WHich they transfer to re/insurers
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A SCIENTIFIC PERSPECTIVE
ON BIODIVERSITY AND
HUMAN SOCIETIES
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Nature is one of the simplest and also the most complex concepts
that we, as humans and societies, use and refer to. Our rela -
tionship with what surrounds us might feel innate, “natural”,
yet it is very much linked to how and where we were raised.

Curiosity is a de ning characteristic of humans, it is through
the understanding, adaptation to and use of its surroundings
that Homo sapiens has become what it is now. Grasping how
other living and non-living entities emerge, thrive, interact and
disappear has been the key factor of our survival, for we have
been able to build on and advance with this comprehension.

For a few decades, multiple warnings have pointed out the
alarming deterioration of the environment we live in and of

which we are an integral part. The disappearance of nature’s
wonders is in itself a catastrophe, but it also jeopardizes that
which humans have been building for their entire existence,
namely our societies.

Natural history lies at the heart of the e ort to understand the
connections between humans and the environment, it has for
decades a empted to instruct us on the value of biodiversity
as "a heritage common to all of humanity " (Muséum national
d’Histoire naturelle, 2017). It has also shown how detrimental
humans can be to their own ecology.

“Today, natural history bridges science and its applications ”
(Muséum national d’Histoire naturelle, 2017) and the objective
of the rst part of this study is to provide the reader with a
scienti ¢ perspective on biodiversity and humans. To do so, we
will rst review what the concepts of “nature” and “biodiversity”
refer to, what is common knowledge in the scienti c community

on the current status of biodiversity, what we know about the
relationships between biodiversity and human activities, and
what still remains to be explained.

Biodiversity and Ref/insurance: An Ecosystem at Risk— 17
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defining questions.

“Nature " usually refers to the air, soil, water, living creatures that
surround us. It would appear to be a straightforward concept
that even children can easily grasp and make use of. However,
nature is a complex, highly culturally-dependent and abstract
notion. Providing a strict de nition of what it is and what it
encompasses is far from simple.

Despite the blurred frontiers of the concept and the ensuing lack

of a standard de nition (Ducarme & Couvet, 2020), protecting a

rapidly depleting nature is a growing public concern. This study
focuses on one aspect of this “changing nature” concern, which
is the loss of biodiversity and ecosystem services. The following
section aims to de ne the concepts that will be discussed at

length in the present study.

Adopted in 1992, the United Nations’ Convention on Biological
Diversity (CBD) targets “the conservation of biological diversity,
the sustainable use of its components, and the fair and equitable
sharing of bene ts arising from the use of genetic resources”
(UN CBD, 1992). Article 2 of this text establishes the de nition
of biological diversity that is agreed upon today internationally:

In other words, the term “ « ™ + .. ™ & paféesAdMHe Yweb of

life” which is constituted by “ the variety of life on Earth and

E—% «tEI%t¥ »tA % toechetdfid of i €Anvention on

Biological Diversity, 2000); it encompasses three levels:

— The diversity of ecosystems or living environments;

— The diversity of living forms and species — plants, animals,
fungi, microorganisms;

— The diversity of individuals (or genetic diversity) within each
species.
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This “web of life” forms the basis of human livelihoods and
societies in that it serves as their essential foundation. This idea
underlies the conceptof % €+ AY AE %2 Ahich Bad'tRem A
used for the past twenty years (Costanza et al., 2017) to refer to
the ways nature directly or indirectly contributes to and even
supports human existence and wellbeing (Millennium Ecosystem
Assessment, 2005). The Millennium Ecosystem Assessment
published in 2005 drew interlinkages between ecosystem ser -
vices and constituents of human well-being using the following
terminology:

and

This idea is also embodied within the more recently constituted
Intergovernmental Science-Policy Platform on Biodiversity
and Ecosystem Services (IPBES), which is ‘an independent
intergovernmental body established by States to strengthen
the science-policy interface for biodiversity and ecosystem
services” (IPBES, 2020a).

™E A €[%%%o<<|‘z AEtEIA daa o0m=tx —tA
™E¥+ ... €% A

IPBES reviewed and broadened the “ecosystem services” de -
nition that was previously established in the Millennium Ecosys -
tem Assessment (IPBES, 2020b), adopting a more complex and
inclusive conceptual framework that embraces more diverse
views and knowledge of nature. That framework relies on the
Nature’s Contributions to People (NCPs)  concept, which can
be de ned as:

£0% AET..Y oY t«Ax% %™« E—% A %
The IPBES framework includes 18 Nature’'s Contributions to
People (NCPs) (IPBES, 2019e):

“Habitat creation and maintenance: The formation and
continued production, by ecosystems, of ecological conditions
necessary or favorable for living beings important to humans;

Pollination and dispersal of seeds:  Facilitation by animals of

Food and feed: Production of food from wild, managed,
or domesticated organisms on land and in the ocean; pro -
duction of feed;

Materials and assistance: Production of materials derived
from organisms in cultivated or wild ecosystems and direct
use of living organisms for decoration, company, transport,

and labor;

Medicinal, biochemical and genetic resources: Production
of materials derived-from organisms for medicinal purposes;
production of genes and genetic information;

Learning and inspiration: Opportunities for developing capa -
bilities to prosper through education, knowledge acquisi -
tion, and inspiration for art and technological design (e.g.
biomimicry);

H—YA™ELY t«... » AYE—+ ¥+ OmORUBMIESIG Y4 ™ %o « €
»—YA™EL¥¥Y t«... »AVE—+¥+“™MELYY¥Y %o« %o €
relaxation, recreation, leisure, and aesthetic enjoyment based

on close contact with nature;

3+ 0% 2% «E +' »+x¥¥%o« t3x«" ¢xx% %A, t«.. .l SfppdtiingAdedtites: A Bh¥basih for religious, spiritual, and
¥t%Ot%, +¥% A»+¥%% A £’ £%“t«™MAA «% « %o 2 € ™ t ¥sdactal-cohésibhi akperieneds serdse of place, purpose, belon -

K% “T¥tE ™+« ' t TRagubstion¥By Enpediment or
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entities of the living world; narratives and myths, rituals

TEMY™MELE ™Mt«> oY % E€ExAYAE%2A, ' tE2+ A» —ShadcBlebratidns Y%ealisfaetioh detiied fram knowing that
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Regulation of climate: Climate regulation by ecosystems
(including regulation of global warming) through effects
on emissions of greenhouse gases, biophysical feedbacks,
biogenic volatile organic compounds, and aerosols;

» sa¥peitiEdlardlahdscape, seascape, habitat or species exist;

Maintenance of options:  Capacity of ecosystems, habitats,
species or genotypes to keep human options open in order
to support a later good quality of life.”

These Nature’s Contributions to People (NCPs) refer to ecolo -
K% “I¥tE™+« £’ +€%t« tREYulati¥neeby phdtb+« - gical services of di erent types, they can be quali ed as either
synthetic organisms of atmospheric CO  concentrations and (IPBES, 2019e):
so seawater pH; — Regulating , i.e. providing the basis that supports human

life: NCPs 1 to 10;

K% “T¥tE™t« ' "% %A—xtE% % Y%it«E™EY, ¥MateEdM e ptovidindnteialgbeds: NCPs 11 to 14; or

Regulation, by ecosystems, of the quantity, location and

— Non-material , i.e. providing “spiritual inspiration and lear -

E™amt &' E—% Gtx ' A% t€% t«.. “¥*i«.. RNGFWNEPSs15t017.

K% “T¥tE ™+« +' "% %o A—xtE% % t«.. ERegMEtY NEINGP 18 'Matdhdhce of options” comes as a fourth cate -
lation —through filtration of particles, pathogens, excess gory in itself.

nutrients, and other chemicals —by ecosystems of water

quality; Another related concept that is used to refer to what nature
provides to humans is natural capital :

Formation, protection and decontamination of soils: For-
mation and long-term maintenance of soils including sediment
retention and erosion prevention, maintenance of soil fertility,
and degradation or storage of pollutants;

K% “T¥tE™+« ' —tat¥...A t«... Amelibradionn %o %o O %o « EA -

ecosystems, of the impacts of hazards; reduction of hazards;
change in hazard frequency;

Regulation of organisms detrimental to humans: Regulation, The following study will discuss at length the work by IPBES,

by ecosystems or organisms, of pests, pathogens, predators,
competitors, parasites, and potentially harmful organisms;

« %o ¥ PYoduction of biomass-based fuels, such as biofuel
crops, animal waste, fuelwood, and agricultural residue;

its conceptual framework and the concept of Nature’s Contri -
butions to People (NCPs).
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Wildlife populations are collapsing. In 2018, it was estimated
that the biomass of humans and livestock combined weighed
almost 23 times more than that of wild mammals, while the

Following the results of the Millennium Ecosystem Assessment biomass of domesticated poultry was three times that of wild
published in 2005, the IPBES undertook an overall evaluation of birds (Bar-On, Phillips and Milo, 2018). Studies suggest the total
biodiversity and ecosystem services and compiled its conclu - plant biomass (which today represents more than 80% of the
sions in its 2019 Global Assessment report. Further work has biosphere) is less than half of what it could be without human
been published since, which concurs with its conclusions and land use (Erb et al., 2017).
it remains the reference document regarding the status of
biodiversity worldwide. Indicators play an essential role in scientists’ work to understand
the evolution of biodiversity. The primary step before unders -
Although some knowledge gaps still exist in certain areas, the tanding our society’s impact on biodiversity is to understand
IPBES report gathered the most advanced research ndings at the status and the evolutionary path of biodiversity. Assessing
the time on this theme. The publication stressed four well-es - the status of biodiversity will then make it possible to develop
tablished key messages (IPBES, 2019a) relevant strategies to take action.
“Nature and its vital contributions to people, which together The WWF, in collaboration with the Zoological Society of London
embody biodiversity and ecosystem functions and services, (ZSL), has provided a useful indicator to illustrate the emergency.
are deteriorating worldwide . Their latest 2™ O ™ «“ H¥t« % E aggregitds thre2aberage
abundance of 20 811 populations of 4 392 (terrestrial, freshwater
Direct and indirect drivers of change have accelerated during and marine) vertebrate (threatened and non-threatened) species.
the past 50 years. Using 1970 as the base year (ndex value = 1) and studying data
up until 2016 (for data availability and robustness considerations),
Goals for conserving and sustainably using nature and achie - they established in 2020 that population sizes had decreased
ving sustainability cannot be met by current trajectories +Y 8 0oen average (with a 95% statistical certainty ranging
and goals for 2030 and beyond may only be achieved through from -73% to -62%) (WWF, 2020a). Figure 1 shows the evolution S, Yo XM
transformative changes across economic, social, political of the LPI since 1970 (index values and con dence limits). For
and technological factors. more details on the method and indices by geographic region
and habitat, refer to (WWF, 2020a).
Nature can be conserved, restored and used sustainably In order to simplify communication on the dynamics of biodiversity loss, a number of key indicators provide di erent types of
while other global societal goals are simultaneously met This index is only one among a multitude of others. Biodiversity information, covering di erent aspects of the broad spectrum of biodiversity (WWF, 2020a). The WWF report mentioned above
through 1% “% «E t«.. €+ «€ % doBtéing trdndfar % E A loss is about populations dwindling, but it is also about species presents some widely used indicators:
mative change.” extinction, community composition and distribution (WWF,
2020a). Forthatreason, ™ME ™A O™y EIt¥¥Y ™Man+t AA™e¥% E+ €+2%[E % — The Species Habitat Index (SHI), which measures the change in habitats available to species across the world. On the basis of
The next part will focus on reviewing the scienti ¢ evidence te M« % U E—tE x£{¥... €20% % t¥¥ tA»%€EA > «™x  ™MO%UA™EY € —validatdd knowledge about species-habitat associations and with the help of observed (via remotely sensed monitoring) and
underlying the rst of these messages, namely the alarming By de nition (as seen in Part 1.1.1.),biodiversity is a web of living modelled data on changes in land use, the index captures the “ losses in habitat-suitable range " (WWF, 2020a). The SHI shows
te<.. T«»¥%€% .. % «E% ... %HtE% tE x—™E_— “Beings ¥hat dredintertiefeddsatiomelcH other and the concept a 2% decrease in habitat available to species in 2018 compared to 2000 (see Figure 2) (WWF, 2020a). For more details on the
%o €+ AYAE %2 A% Y20 ™ € % Beieti Bopublifatidng an™ « “  of biological diversity covers both the diversity of species and method, refer to (WWF, 2020a).
biodiversity and ecosystem services all converge on the same that of individuals and ecosystems.
conclusion, it is certain that biodiversity, in all its forms and
meanings, is degrading. Overall, as the IPBES puts it: To grasp the extent of the problem, it is critical to understand

that no single indicator could ever cover such complexity.  There

™A «* %%I™MOt¥% «E E+ E—% RhiHaSv@muBt™ “tE ™+« Et%"“% E
strive for in the context of climate change. Concerning biodi -

versity loss, we must integrate and combine many indices to

grasp the global dynamic. This is the reasoning underlying the

Aichi Biodiversity Targets that were adopted by the interna -

tional community in 2010 in the framework of the Convention

Research shows that the sixth mass extinction of biodiversity on Biological Diversity (CBD) Strategic Plan for Biodiversity
is under way and accelerating (Ceballos et al., 2020). Albeit with 2011-2020 (biodiversity-related regulation and international
disparities in the extent to which geographic areas and systems negotiations are presented below, see Box 17). There is a great
are a ected, these degradation dynamics concern ecosystems, range of existing indicators. For the Aichi Biodiversity Targets
communities and species at large, transforming their structural alone, over 100 indicators were created to assess the targets

conditions as much as their composition. O€ ™ % « E ™ & € %o OTH IPBES &l$6 published its own set of indicators corresponding
™A X%¥Y¥|% AEte¥™MA % ... t«.. ™«.. ™ELE+ ¥ Ao U%bcoftptuatframewctk’ + #s wel 43 B set of indicators to
they “ overwhelmingly show net declines over recent decades ” illustrate trends in ecosystem services (see Figure 7).

(IPBES, 2019d).

75% of the terrestrial environment, 40% of the marine envi -
ronment and 50% of rivers and streams have already su ered

severe deterioration (IPBES, 2019c). Only 13% of the ocean and . IPBES uses the following terms to describe the state of knowledge:
. . P » - “Well established : comprehensive meta-analysis or other synthesis or mul-

23% of the land on Earth can still be designated as “wilderness tiple independent studies that agree.

(IPBES, 2019d). “Hotspots” that concentrate rare and endemic - Established but incomplete: general agreement although only a limited

. . . . . . number of studies exist but no comprehensive synthesis and, or the studies

(i.e. pres_;en_t only in that speci c re_glon) species are crucial to that exist imprecisely address the question.

global biodiversity, yet these locations have su ered the most - Unresolved: multiple independent studies exist but conclusions do not agree.

degradation on average (IPBES, 2019d). - Izna:z()Bclusive: limited evidence, recognising major knowledge gaps.” (IPBES, Figure 2. bo « € %o ¥

2. For further details, refer to https:/www.cbd.int/doc/decisions/cop-13/cop-13-
dec-28-en.pdf.
3. For further details, refer to https:/www.ipbes.net/core-indicators-O0.
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Other indicators on habitat loss are equally alarming. On the E.U.
level, the conservation status of more than 80% of habitats is
labelled as either “Poor” or “Bad” (EEA, 2020). On the national
level, in French metropolitan and overseas territories, 26% of
assessed species were either extinct or under the threat of
extinction in 2018 (MTES, 2018).

— The Red List Index is a popular indicator in that it illustrates a
striking aspect of the wider reality of biodiversity loss, namely
species extinction. This index measures the survival probability

of species, i.e. “the inverse of extinction risk " (WWF, 2020a).

At an alarming pace, the collapse in populations is leading to
species disappearance. The species extinction rate is “ at least
tens to hundreds of times higher than it has averaged over the
past 10 million years” and no slowdown is foreseen if we pursue
on the “business as usual” path (IPBES, 2019d). Today, around
one million animal and plant species are considered at threat
(IPBES, 2019d). Half a million terrestrial species can be designated
as“...%ot... A»% €™ %bhdcaus¥ ek habitat is deteriorating
(IPBES, 2019d). Ecologically rare species in particular are under
threat and over-represented in the IUCN Red List “threatened”
categories (Loiseau et al., 2020).

Figure 3.

4. “Version 2020-3 assessed in each category for the more comprehensively assessed (i.e., at least 80% of the group has been assessed) groups containing
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—The ™+ .. ™MQO%%UA™EY ' (BIh&iatkds fe ntacthess of original terrestrial biodiversity (i.e. “h ow much originally pre -
sent biodiversity remains on average across the terrestrial ecological communities " (WWF, 2020a)) within a region. The global
average Bll was estimated at 79% in 2014. However, the Planetary boundaries framework (see Box 2) considers 90% as the “lower
safe limit” (WWF, 2020a) and the index shows worrisome trajectories in every world region (see Figure 4).

Figure 4.

However, as mentioned above, biodiversity cannot be reduced
to four global indicators. Biodiversity is above all a local ma er
and ecosystems vary from one geographical region to another,
therefore, indicators should vary too. In France, the Observatoire
national de la biodiversité (French Observatory for Biodiversity)
has developed indicators to assess the status and evolution of
biodiversity. There are 50+ indicators and 16 are considered key
indicators. Key indicators are chosen on the basis of four criteria:
—the indicator has a strong impact on public opinion;

O » %0 € ™ %0 A_ztiboikkichtor. cBh bé usdEtd assebs fubli folitis A > +

— the indicator can be used from an ecosystem services pers -
pective;

— the indicator is easily understandable for a non-expert public
and is scienti cally solid.

The key indicators are as follows (Naturefrance, 2021):

Presence of large predators in continental France (wolf,
lynx, bear): presence on 8.2% of French territory in 2018;

Share of extinct or threatened species in the National Red
List: 19% of species were extinct or threatened in France in
2020;

Citizen implication in participatory sciences related to
biodiversity: +16% of citizen commitment in 2019;

Ecological quality of surface waters:  44.2% of surface waters
have good or very good ecological quality;

Conservation status of natural habitats: 20% of remarkable
ecosystems had a favorable conservation status between

A E— %o %OU€%D»E\TMt« +° ::/4%0%0'A|v\i%a'r[ﬂ«n €t3/4t¥A, x_1:M€_ TM«€¥[“\_%DA A»%O€TM@%3’§DEE ﬁfngA%ﬂA WY .. YatAxt t«... «E—tétt>, t«...
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Pasture surfaces: -7.9% between 2000 and 2010;

Common specialist bird populations:  -24% between 1989
and 2019;

Large trees and dead wood in forests: 25 million cubic meters
of wood in 2020, stable;

Coral reefs: coral reefs were declining in 29% of observation
stations in overseas France in 2017;

Protected areas in continental France:  1.37% is under strict
protection in 2018;

Evolution of the average number of exotic invasive spe -
cies per continental department:  on average, each French
department has 6 new exotic invasive species every ten years;

Date of arrival of migratory birds: migratory birds arrived
in France 6 days earlier in 2017 than in 1989;

Consumption of phytosanitary products for agricultural
purposes: +25% between 2016 and 2018;

LE™M@EMI¥™MALE M+« +' £+ &b P& boctdiay E %o ¥4 ¥
are arti cialized each year;

Physico-chemical pollution of rivers in continental France:
-12% between 1998 and 2017.

1%o Ya%o ... E—Ya%otE%o«%o... = K, 8, % bY>+ A/B T—% «i2e% %A
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In France and elsewhere, there are certainly exceptions to this
dark picture. Ecosystems in areas managed by indigenous peoples
and local communities notably tend to be less impacted by these
changes thanks to more sustainable practices (IPBES, 2019d).

Yet exceptions can themselves be seen as indicators of generally
degrading conditions and pervasive damage. A textbook example
of this is the increase in the biomass of prey sh, which can be

linked to the disappearance of their predators, a disappearance
which has been caused by over shing (IPBES, 2019d).

Because ecosystem balances have been disturbed and condi -
tions have changed, a few species have been able to expand
and “invasive alien species” have been thriving and disrupting

ecosystems even more (IPBES, 2019d).

These imbalances have also had impacts on the smallest of the
three biodiversity levels, namely on genes. In addition to genetic
diversity dwindling because of species extinction, ecosystems
destabilization is causing an acceleration of evolution because
species traits are rapidly changing to adapt to their transforming
environment (IPBES, 2019d).

Overall, if some changes in biodiversity and ecosystem services
have recently slowed or even been reversed, in part due to poli -
cies in place, others are still accelerating. In the case of forests,
the deforestation rate is decreasing globally (FAO, UNEP, 2020)
and the area of tree cover is actually increasing, but dynamics
are very di erent in high and low-income countries. For example,
tropical primary forests, the sites of high biodiversity, are still
declining (IPBES, 2019d).

BOX 1
@ THE “TWIN CRISES” OF BIODIVERSITY AND CLIMATE CHANGE

According to Sir Robert Watson, Chair of the IPBES and former Chair of the IPCC:

“Successful climate action can never be at the expense of biodiversity, because stabilizing the climate is only possible
over the long-term by ensuring the health and protection of biodiversity and ecosystems. This is why the scope of the
four regional and the global IPBES assessments — all currently underway — include the relationships between biodiversity,

ecosystem services and climate change. ”

¥™MatE% € —t«“% t«... o™+  ™MO%LA™MEY ™MAAI%A t%% E€¥+A%Y¥Y ™FRabbts Z045Y « £ %o ...
Not only does climate change have detrimental impacts on biodiversity, but biodiversity loss also a ects the dynamics of

climate change.

— Natural ecosystems play a key role in the global carbon cycle. Thus, any change in biodiversity’s ecological functioning
can impact atmospheric CO2 levels, i.e. a ect climate change. Terrestrial ecosystems and oceans are the main carbon
sinks. The degradation of ecosystems signi cantly reduces carbon sequestration and storage capacities, therefore
it increases emissions of greenhouse gases and the dynamics of climate change (Secretariat of the Convention on

Biological Diversity, 2009).

— Climate change in itself has detrimental e ects on biodiversity and can exacerbate the four other main drivers of
change in biodiversity, namely changes in land and sea use, species overexploitation, invasive species and diseases, and
pollution (Secretariat of the Convention on Biological Diversity, 2009). Climate change impacts on natural ecosystems
have already been observed and they are expected to have adverse and irreversible e ects, even though there is still

some uncertainty about the speed at which it will happen.

Climate change and biodiversity loss are interlinked in a vicious circle. What is more, solutions implemented so far to
mitigate and adapt to climate change can themselves have detrimental e ects on biodiversity, e.g. hydroelectric dams
(mitigation), intensive reforestation practices for carbon storage (mitigation), protective infrastructure against ooding

(adaptation) or pesticides against new pests (adaptation).

Conversely, a ourishing biodiversity can help mitigate climate change. The development of  nature-based solutions has
shown how to implement solutions against climate change while fostering biodiversity. Nature-based solutions are based

on the conservation and restoration of ecosystems that help people against the adverse e ects of climate change.

For instance, the maintenance or restoration of mangroves protects coastal communities against ooding and coastal

erosion and is a source of carbon storage.
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Several biodiversity indicators concerning forests, species-extinction rates, species abundance and the intactness of biodiversity
have already overrun the proposed precautionary “planetary boundaries” (IPBES, 2019d) (see Box 2) and some ecosystems are on
the brink of collapse.

BOX 2
@ PLANETARY BOUNDARIES, A FRAMEWORK TO ASSESS THE RISKS OF DESTABILIZATION
OF THE EARTH SYSTEMSte en et al., 2015; Rockstrém et al., 2009)

In 2015, Ste en et al. developed what is called the planetary boundary (PB) framework. This approach aims at de ning

“a safe operating space for human societies to develop and thrive, based on our evolving understanding of the functioning
and resilience of the Earth system ” (Ste en et al., 2015). It establishes precautionary “safe limits” for nine processes
that are fundamental to the functioning of the Earth system and that are scienti cally proven to be a ected by human
activities, namely climate change; change in biosphere integrity; stratospheric ozone depletion; ocean acidi cation;
biogeochemical ows; land-system change; freshwater use; atmospheric aerosol loading; introduction of novel entities
(Steen etal., 2015).

The two planetary boundaries associated with climate and the biosphere integrity are considered of fundamental
importance for the Earth system and seen as “core” boundaries. If one of these two limits alone were to be “substantially
and persistently transgressed”, it could potentially profoundly transform the Earth system (Ste en et al., 2015).

Climate change

Genetic
diversity

™+ A — %0 %% ™ «

8+ % ¥ %o« E™ET™ %A
Functional
diversity

OE%tE+A» —% % ™€ +a+«%
depletion
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Atmospheric aerosol

Freshwater use loading
Phosphorus
: : Nitrogen Ocean acidification
Biochemical flows L
M Beyond zone of uncertainty (high risk) Below boundary (safe)
M In zone of uncertainty (increasing risk) M Boundary not yet quanti ed

Reading note. “The green zone is the safe operating space, the yellow represents the zone of uncertainty (increasing risk),

and the red is a high-risk zone. The planetary boundary itself lies at the intersection of the green and yellow zones.
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represent values of 0 for the control variables. The control variable shown for climate change is atmospheric CO2
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So why is biodiversity eroding and what are the causes of this transformation? T—% A€ ™% «€% ™A AE¥%t™“ —EI'+¥%xt%...
E—% ¥%t..™«" %+¥% ThenExtpartivil di¥cuss fiecdrivers of this change and make clear why the challenge of biodi -
versity loss is of the utmost concern for humans.
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A conceptual framework determines the scope of an analysis and the central notions to be used by stakeholders (EFESE, 2020),
therefore it is a biased representation of reality centered on the notions that are relevant to the particular study. This conceptual
framework of interactions and biodiversity is one among others, but it a empts to provide an overview of the interactions between
biodiversity and human societies, and an understanding of the underlying mechanisms of dependencies and impacts. The conceptual
framework has been reworked using the IPBES conceptual framework because the objective is to provide the reader with general

From the genetic diversity of algae to our nancial system,
what are the underlying interactions between the biological
diversity of living beings and our quality of life or our way of
doing business?

While the majority of species’ populations which make up bio
diversity are falling, the human population would not seem to
be a ected by the same dynamics, suggesting a unique type
of interaction between humans and biodiversity.

Humans are part of biodiversity, the diversity of living beings.
However, as Homo sapiens cognitive abilities developed and
it formed more and more complex societies, some of these
societies took a developmental path characterized by utilita

rian, instrumental views of nature. That being said, whatever
society they live in, humans maintain an intrinsic relationship of

DEPENDENCE

Natu
and evolutior

Figure 6.

26 — Biodiversity and Ref/insurance: An Ecosystem at Risk

dependencies and impacts with biodiversity. On the one hand,
our survival and development entirely rely on the existence of
biodiversity, on the other, the development of human activities
can have bene cial or harmful impacts on biodiversity.

Following a review of the scienti c and grey literature, this sec -
tion a empts to explain the underlying mechanisms of depen -
dencies and impacts in both directions, between biodiversity
and human activities.

This section will discuss the interactions presented in the
conceptual framework below (see Figure 6) to depict how indivi -
duals and companies bene t from biodiversity through Nature’s
contributions to people (green interactions), how they impact
nature (orange interactions) and eventually understand how the
disruption of these ecological interactions can turn into risks.
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knowledge on biodiversity and human interactions, and the IPBES work is the most widely acknowledged to date.

BOX 3
@ A SHIFTING PARADIGM FROM A SPECIES TO AN ECOSYSTEM FOCUS

Even though biodiversity underpins our existence and well-being, it can also be detrimental in di erent manners to
humans and the current pandemic is a perfect illustration of that. For a long time, humans have analyzed their interactions
with biodiversity by looking at speci ¢ species, assessing from an economic point of view whether a given species was
bene cial or harmful to the economy and then choosing whether or not to protect it. Thus, humans determined whether

a certain species should thrive or shrink for the well-being of our societies. This was the major approach over the 20th
century. Today, scientists and economists look at biodiversity from the angle of ecosystem interaction. The perspective
has moved from a population approach of biodiversity with bene cial and detrimental species for human activities to

t «hoExX+¥E +' €223»5¥% U, %o€+¥+“™MELY ™MAE%WUIEE™+«A X™ME— +»»+%EI«™ME™%A t«...

Taking the COVID-19 as an example, if it were to be demonstrated that this virus has zoonotic origins (see the Case Study
on Biodiversity, Pandemics and Re/insurance in Part 3.11.), the species approach would question whether pangolins or bats
are harmful to human societies, whereas the interactions approach would question the in uence of deforestation on the

spread of zoonoses.

The ecosystem approach is thus more complex, but it embraces the concept of humans being part of a larger system of
ecological in which all species play a role, rather than just being tagged as either useful or harmful to humans. Each species
is no longer either useful or a pest, it is part of a larger system, i.e. the ecosystem, it participates in ecological processes
and occupies a speci ¢ place in the food web (i.e. its trophic level). This contemporary view of biodiversity provides

a clearer understanding of our dependencies and impacts and enables us to make more relevant decisions regarding

environmental management.

Fisheries are a good example to illustrate this paradigm shi . Traditionally focused on maximizing the catch of a target
species, leading to incidental mortality (90% of annual mortality in the case of white marlin) and dramatic shi s in
population demographics, e.g. the famous collapse of Northern Cod o Newfoundland’s coast, sheries are starting to

invert priorities, focusing on ecosystems rather than the target species.

E+AYAE%21tA%o ...

has emerged. The basic idea of EBFM is to minimize the impacts of sheries on the ecosystem in order to support long-
term socio-economic bene ts and generate knowledge on ecosystem processes. EBFM practices include spatial controls
of shing, the prohibition on capturing forage species on which other sh, birds and mammals depend, and the control of

incidental catches (Pikitch et al., 2004).

Humans rely on biodiversity for basic life support and access to
material and non-material goods for a good quality of life. By
extension, businesses and other human structures also rely on
biodiversity. These services are called Nature’s contribution to
people (NCP) by the IPBES and represent all the bene cial or
harmful goods and services we receive from nature. However,
understanding the connection from the genetic diversity of a
given species to the ful Iment of a human life or business is a
complex one, which the scienti c community is still working
on. This section details the steps and concepts of the anthro -
po-ecological process to achieve good quality of life and business
provided by biodiversity.

—l2t« tEE™O™E ™ % A

To understand how goods and services are produced by biodi -
versity, the IPBES introduced an essential distinction between
potential and realized Nature’s Contributions to People (NCPs)
(IPBES, 2019e):

%™ A
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AN ILLUSTRATION VIA AGRICULTURE

In the case of agriculture, the potential Nature’s
Contribution to People (NCP) corresponds to the
extent of agricultural land, while the realized Nature’s
Contribution to People (NCP) is the output of the
agricultural land.

= Potential NCP: area of arable land;
= Realized NCP: weight of crops collected.

Agricultural production depends on the following

NCPs:

= NCP 2: Pollination and dispersal of seeds;

= NCP 3: Regulation of air quality;

= NCP 4: Regulation of climate;

= NCP 6: Regulation of freshwater quantity, location
and timing;

= NCP 7: Regulation of freshwater and coastal water
quality;

= NCP 8: Formation, protection and decontamination
of soils;

= NCP 9: Regulation of hazards and extreme events;

= NCP 10: Regulation of organisms detrimental to
humans.

And the co-production of agricultural outputs contri -
butes to the realization of NCP 12: Food and feed.

The transition from potential to realized NCP requires either an
external intervention, a particular situation or a speci c condition:

—For 2tE % % ™t¥ A %é.gbner&tieniof realized NCPs
depends on anthropogenic drivers and assets. For instance,
sh production for food depends on the market demand for
sh products (drivers) and on shing infrastructure (assets).

—Forsome %% “I¥tE ™ «* Al gelefitdoboh realized
NCPs will depend on environmental conditions. For instance,
the regulation of air quality, besides ensuring a constant
composition of air, is a ected by the fact that air is polluted.

—And for some «* «128tE % % ™ t ¥, RegEndratidefiea -
lized NCPs will depend on the situation. To experience the
bene cial e ects of nature on mental health, humans need
to experience being in a natural environment (as opposed
to urban areas).

For human societies to bene t from material resources provi -
ded by biodiversity, it is necessary to have assets and driving
demand (IPBES, 2019b):

Anthropogenic drivers: Direct and indirect human-induced
factors that a ect negatively or positively nature and the
supply of NCPs, due to human requirements or preferences
in their quality of life translating into the need of a certain
amount of a given NCP over time, e.g. economic, demo -
graphic, technological or cultural factors.

Anthropogenic assets: Assets necessary to obtain realized
NCPs from potential NCPs. It refers to the co-production
of realized NCPs.

The main anthropogenic assets are (IPBES, 2019e):

— Built-up infrastructure;

— Knowledge: indigenous and local knowledge, technical and
scienti ¢ knowledge, formal and non-formal education, and
experience;

— Technology: physical objects and procedures;

— Financial assets;

— Institutions to mediate them;

AN ILLUSTRATION VIA AGRICULTURE

The co-production of the realized NCP 12 (agricultural
output) is generated by anthropogenic drivers and is
rendered possible by anthropogenic assets.

Anthropogenic assets. The production of agricultural
output depends on:
= Infrastructure and machinery;

= Human capital and knowledge;
= Financial capital;
= Institutions, to mediate the three mentioned above.

Agricultural production is generated mainly by:

= Demographic drivers;

= Change in dietary pa erns (rising meat diet in deve -
loping countries);

= Technological drivers.

When human assets and drivers are necessary to produce NCPs,
we talk about co-production of NCPs. The notion of co-pro -
duction emphasizes the interdependence between biodiversity
and humans to produce goods and services required for a good
quality of life (IPBES, 2019e).

Human quality of life relies in part on the quality and the quantity

of co-produced realized NCPs and how they a ect us. Good

quality of life is described by the IPBES as a state of ' [¥ & ¥ 2% « E
of human life , thanks to the access to all necessary material

and non-material dimensions of life (IPBES, 2019e). The concept

of good quality of life is“ value-laden and context-dependent ”
(IPBES, 2019b) from one society to another, but also within

5. Reminder (see Part I.1.1.): Nature’s Contributions to People (NCPs) refer to ecological services of different types. They can be either (IPBES, 2019eRegulating (i.e.
providing the basics that support human life: NCPs 1 to 10);Material (i.e. providing material goods: NCPs 11 to 14)on-material (i.e. providing “spiritual inspiration and

learning”: NCPs 15 to 17).
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societies and among di erent social groups. Cultural and spi -
ritual beliefs, socio-economic classes, geography, education
and all subjective visions of a ful lled life alter the way each
individual is impacted by a given NCP (IPBES 2019b). There
fore, by including the concept of ful Iment of human life, this
conceptual framework expands beyond economic value in the
interaction between human societies and biodiversity, and
highlights the value biodiversity brings to human life, in addition
to its intrinsic value.

According to the IPBES classi cation, Good Quality of Life (GQL)
is divided into 13 material and non-material criteria (see Table 1).

"AntEE t« lxx.. JIt¥™MEY £’ 2™'%

Material

Non-material

T+ ... 1/zl't¥”"EY £ ¥ ™ 9% €Y ™E% Ya™t t€
t«... t...t»E% ... "¥%+t2 E—% 7™M¥¥%hoc«™]2
Assessment. (Source: IPBES, 2019b)

The impact on the Good Quality of Life (GQL) of a certainrea -
lized NCP can be either positive or negative, e.g.:

— H+ A™ E ™ (Pullirsatidrigediices for agricultural productivity;

— 8% “tE ™ O %ohuadndwifiife con icts, with elephants
trampling crops or mosquitoes spreading diseases;

— HEA™ME™O % t«.. «%ptsts Tty i flaps & -
negative for agriculture productivity but essential for the
production of biochemical compounds with high nutritional
values.

Therefore, the good quality of life of an individual depends on
positive impacts of realized NCPs and, at the same time, people
need to cope with the negative impacts of realized NCPs.

Inequality of impacts on the good quality of life for individuals

Biodiversity provides positive and negative impacts on indivi -
duals’ quality of life. However, to bene t from these positive
impacts, individuals need to have access to them. The positive
impact is guaranteed by the distribution of realized NCPs to
people. The distribution of realized NCPs reliesonthe tOt™ ¥t
MY TMEY | t€E€%AA, [E™ ¥ ™ gh&sconcepts hakE te T

been taken from the analysis of the FAO on distribution of
food in IPBES, 2019j of the given NCP. The IPBES has initiated
research on the distribution of impacts of NCPs across di erent
groups of users, a topic which was poorly documented to date.

There is considerable — %o E %o %+ “%o «% ™MEY +' ... MAE¥ ™.|E
on GQL. The main identied factors leading to unequal distri -
bution of NCPs are:

— Geographic location;

— Nearness of nature;

— Social-status hierarchies and power relations;

— Property and access regimes;

— Availability of anthropogenic assets needed to co-produce
NCPs.

It is also essential to point out that the impact of NCPs on GQL
does not necessarily have geographical boundaries , given that
the impact does not necessarily take place where the NCP was
realized. There are two main reasons for this (IPBES, 2019e):

— Globalization and international trade: Production areas are
decorrelated from consumption areas, consequently so are
co-production of NCPs and impacts on GQL. The demand for
an NCP in one place can increase pressures on biodiversity
in another place and have detrimental e ects on other NCP
co-production processes;

— Environmental interconnections .

AN ILLUSTRATION VIA AGRICULTURE

Agricultural output has mainly positive impacts
on the good quality of life, through material and
non-material impacts:

= Food and nutritional security;

= Livelihood and income security;

= Health, through a balanced diet;

= Good social relations;

= Equity;

= Cultural Identity.

However, the access to these positive impacts di ers

between geographic locations and populations:

= According to the geographic location of popula -
tions, the amount of arable land and the climate can
vary, i.e. be more or less favorable for productive
agriculture;

= Property can also hinder access of people to the
bene ts of agricultural outputs;

= The lack of su cient capital or infrastructure can be
detrimental to bene ts from arable land.

Moreover, with globalization and demand for certain
products rising in some parts of the world, the
impact of agricultural output on the good quality

of life can be detrimental to local populations. For
instance, indigenous people in Brazil su er from the
expansion of deforestation, done in order to increase
arable lands for soy crops intended to feed animals
in intensive livestock farming for the populations of
developed countries.
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Drawing on the principle of Good Quality of Life, this section
takes the same perspective and applies it to the business world.
This section aims to understand how realized NCPs impact on
the Good Quality of Business. This section is an original contri -
bution in that the IPBES publication does not address the issue
from the private sector’s viewpoint.

Good quality of business is similarly described in this report
asa AEtE% +’' 'I¥e&e¥2% «E * Whegdod qudlity
of life is assimilated to good living conditions, good quality of
business relates to good business conditions. This concept of
good business conditions could have various interpretations
depending on the industry, business model or business strategy
and objective.

"ANtEE +« lx# .

™3, %€EE »—YA NCPs that are a direct input
inputs into production processes

Enable the production NCPs that are enabling factors

One of the biggest challenges when trying to understand the
interdependencies and aligning business with biodiversity dyna -
mics is the E ™ 2%, — +Barthiaralysis, good quality of
business occurs when a company has all the resources (material,
capital, human and services) needed to pursue its objective
over the long term .

The impact of NCPs on GQB and GQL overlaps because com -
panies are made up of individuals. The advantage of introducing
GQB is to adopt another perspective, because co-production
takes place on a di erent scale.

The same way GQL depends on people’s vision of a ful lled
life, GQB will depend on the sector, the sub-industry and the
production process of a given company (ENCORE, 2020).

Five main criteria have been identi ed as factors in the good
quality of business (see Table 2).

Jit¥™MEY £ [A™M«%AA

process for all or part of the production process

Mitigate direct impacts

Protect from NCPs that protect against the disruption

impacts on production processes

NCPs that help to mitigate direct

disruption of the production process

8 HA E—tE »%+0O™ . % “x+.. WBit¥™E

I++ ... Jit¥™EY + (essential when considering that companies
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The impact of NCPs on the good quality of business depends on the distribution of realized NCPS across companies, depending on
di erent factors (see Part I.1l.1. on the Impact on the good quality of life).

30 — Biodiversity and Re/insurance: An Ecosystem at Risk

© David Clode on Unsplash

AN ILLUSTRATION VIA AGRICULTURE

Agricultural output is essential for any business
because it is the key to providing a good quality
of life to all individuals taking part in the company.

For a farming business, the following impacts

on Good Quality of Business are essential:

= Direct physical inputs (e.g. seeds, ground and
surface water);

= Production process enablers (e.g. pollination,

soil quality, water quality and ow maintenance);
= Mitigation of direct impacts (e.g. bioremediation

to detoxify contaminants, Itration for pollutants);
= Protection from disruption (e.g. pest control

to avoid crop contamination, ood and storm

protection, climate regulation to avoid droughts).

For instance, the food-processing industry relies
entirely on the functioning of the agricultural system,
and consequently on the criteria above, to create
value.
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The ow of Nature’s Contributions to People (NCPs) is a continuously evolving process with an undetermined number of interde
pendencies and a high level of complexity, given the in uence of external factors. In order to be er understand this ow and its
evolution, it is essential to observe the trends.

The IPBES has studied the evolution of potential NCPs, realized NCPs and the impact on Good Quality of Life over 50 years from
1968 to 2018 (see Figure 7).

QOutput

Indicator Indicator Indicator

Major Increase
Major Increase
Major Increase

1Habitat creation
and maintenance

2 Pollination
and seed dispersal

i ™My Bit¥™MEY
regulation

4 Climate regulation

5 Ocean acidification
regulation

8 ¥%%oA—xXtE% % Yrital ™EY
regulation
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regulation

8 Soil regulation

68tEI%t¥ —tat%...
regulation

10 Pest regulation

EE«%o " Y

12Food and feed

IV EVCIELS

14 Medicinal
biochemical, and
genetic resources

15Learning

16Experience

17Supporting
identities
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NCPs (corresponding to outputs in the
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of life. (Source: IPBES, 2019¢)
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The IPBES provides evidence and the level of certainty (see Part
I.1.2., Footnote 1) for each of these global trends. For further
details, refer to IPBES, 2019e, Table 2.3.4 p.45.

Potential NCPs (IPBES, 2019¢)

Overall, the potential of 3 out of 4 material NCPs (Energy, Food,
Materials) has been partially increasing over the past 50 years,
through human-dominated land uses and extractive activities
(increasing extensive agricultural land, mining territories and
urban areas), at the expense of all other potential regulatory
NCPs (10), material NCPs (Medicinal, Biochemical and genetic
resources) and non-material NCPs (4).

Realized NCPs (IPBES, 2019e)

The co-production of realized material NCPs (Energy, Food,
Materials) is globally increasing at an unsustainable rate. For
instance, sh catches have exceeded population-replacement
rates for many species. According to the FAQ, the percentage

of sh stocks harvested at an unsustainable biological level
increased from 10% in 1974 to 33% in 2015 (FAO, 2018). At the
same time, almost all regulatory and non-material NCPs have
endured a decline that is mainly correlated to the loss of potential
NCPs, e.g. the decline in pollination is mainly due to the loss of
habitat for wild pollinators.

Impact of NCPs on Good Quality of Life and Business

Impacts of the increase or decrease of potential and realized
NCPs on the good quality of life and business are less directly
correlated because of social, economic and political factors
which can counterbalance or interfere in these trends. Also,
human-made substitutes can o set the decline in NCP impacts.
Still, between 1968 and 2018, only 3 (Energy, Food, Materials)
out of 18 NCPs have increased their positive impact on the good
quality of life and business.

The overall trend of increasing material NCPs at the expense of
regulating NCPs is compensated by non-sustainable, anthro -
pogenic alternatives, e.g. abandoning less productive agricultural
land and deforesting to create new agricultural land, using
non-renewable materials (phosphates and oil) to make fertilizers
and pesticides. This anthropogenic intervention only postpones
the reality of decreasing regulating services, without proposing
a sustainable alternative.
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AN ILLUSTRATION VIA AGRICULTURE

Potential NCPs

Agricultural land has increased over the past 50 years
and will continue to increase under the current sce -
narios. However, the adoption of intensive agricultu -
ral practices has had many trade-o s, which are now
impacting potential NCPs for agricultural production
in the future. Agricultural productivity has declined

in 23% of terrestrial areas (IPBES, 2019e¢).

Realized NCPs

Given that agricultural land is increasing and techno
logy is providing be er yields, global food production
is also increasing. It now meets global caloric needs.
Crop production is projected to increase by 50 to
100% by 2050 to meet future demand under current
population and diet trends. However, from a local
point of view, some regions in the world are facing
increasing tension on food supplies due to climate
change. (IPBES, 2019f)

Impact on Good Quality of Life

Despite increasing global food production, the
agricultural system fails to provide diversi ed and
healthy diets. Malnutrition has been increasing since
1970, resulting notably in obesity. And inequalities in
the distribution of positive impacts are still increasing
(IPBES, 2019e):

= The prevalence of anemia among women of
reproductive age, which has signi cant health and
development consequences for both women and
their children, is rising.

= The unequal distribution of food leaves 800 million
people su ering from hunger and malnutrition.

= Climate change is expected to drive local tensions
on food supplies in the driest regions of the globe,
leading to major famine, wars and migrations.
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Part 1.1.2. depicted the depletion of biodiversity with plunging

indicators, from populations to species and habitats. This raises
the question as to the causes of this decline and the responsi -

bility of human activities in this trend.

Professor Josef Se ele, co-chair and co-author of the IPBES
Global Assessment, warns that:

There is indeed a scienti ¢ consensus on human responsibility
in the current environmental depletion dynamic occurring at an

unprecedented rate in human history. According to Sir Robert
Watson, IPBES Chair (UN, 2019):

© Tobias Tullius on Unsplash

Commonly, 0% 23t™« ... %™MO% %A ' €—t«"“%
(WWF, 2020a):

Changes in land and sea use, including habitat loss and
degradation;
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Pollution;

Climate change.

Researchers have focused on identifying the sources of decline
in biodiversity, drawing up a typology of the main drivers of

environmental change. These drivers have been divided into
direct and indirect drivers. Among the direct drivers, there are

natural, anthropogenic and natural-anthropogenic drivers. As
for the indirect drivers, these are 100% anthropogenic.

Natural drivers. These drivers are caused by natural pheno -
mena over which neither people nor companies have any initial
in uence. The only possible anthropogenic action is mitigation
and prevention or adaptation (IPBES, 2019b). For example, vol-
cano eruptions are natural and not subject to human in uence.
They can be drivers of biodiversity loss and in fact they were one
of the main drivers during the last mass extinction of biodiversity.

Anthropogenic drivers. These drivers are human made. It is
essential to understand their consequences, trade-o s and
potential synergies to avoid negative impacts on future use of
potential NCPs. Here, GQL and GQB are at stake (IPBES, 2019b).
For example, deforestation for agricultural purposes eradicates
natural habitats and thus leads to biodiversity loss, because of

a lack of habitat and resources to breed future generations.

Natural-anthropogenic drivers. ~ These drivers nd their root in
human action, but their consequences are natural. There is an
ecological process transforming an anthropogenic driver into a
natural driver with impacts on the environment (IPBES, 2019b).
For example, hurricanes can devastate coral reefs, mangroves
and other natural habitats for biodiversity, as well as living popu -
lations. Hurricanes are not directly created by human activities,
however, human activities are responsible for climate change,
which is responsible for the increased frequency and intensity
of hurricanes. Therefore, through carbon-intensive activities,
human in uence on hurricanes can in turn impact on biodiversity.

t ¥4 %o
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It is essential to bear in mind that t¥¥ '+3%2aA +’' ™z ™ BdpdudMutetoning and essential interdependencies of NCPs,
resulting in a decline of potential NCPs and, as a consequence,
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others . These drivers of environmental change can have impacts
on di erent NCPs, depending on the type of driver. However,

as well as the related NCPs, are interdependent and that a
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they usually do not have a single impact, but a multitude of
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The impacts of drivers of environmental change therefore alter
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degradation of biodiversity and disruption of ecosystem services
today has a delayed impact on our future use of biodiversity.

Therefore, understanding the emergence of drivers of environ -
mental change and their origin is essential to assess our future
ability to continue to bene t from NCPs and to act in order to
ensure future positive impact on GQL and GQB.

AN ILLUSTRATION VIA AGRICULTURE

Agricultural activities are a prime driver of environ -
mental change, for example through the following
direct drivers:

= Land-use and land-use change: agroecosystems
cover approximately 40% of land today (IPBES,
2019c);

= Pollution: agriculture is responsible for 25% of global
greenhouse gases emissions, mainly due to land
clearing, crop production and fertilization (IPBES,
2019c).

The increasing impact of these direct drivers is gene -
rated by the following indirect drivers:

= Demographic growth;

= Dietary habits, especially increasingly meat-based
diets in developing countries.

However, it should be noted that agricultural activi -
ties are diverse, ranging from large monocultures and
intensive livestock farming with the most high-impact
drivers to agroecological practices and organic
agriculture with the least impacts.

Individuals and companies interact with biodiversity to co-pro -
duce goods and services essential to their good quality of life and
business. To do so, individuals and companies make decisions,
sometimes directly (e.g. agricultural production) or indirectly
impacting nature (e.g. smartphone production). In both cases,
the implementation of these decisions will have a positive or
negative impact on biodiversity at the end of the value chain,
where there is contact between humans and biodiversity.

Depending on the decisions made on how to co-produce goods
and services, individuals and companies can generate three
types of dynamics, namely E %t ... % 1+ AA, AntleUbstuisds A

Tt ... %o tardedpond to a situation where an increase in a
given realized NCP or GQL is associated with a decrease or
loss of populations, ecosystem degradation, and thus, fewer

NCPs (IPBES 2019e). Trade-o s are also o en referred to
as « %o “tE ™ O % %o U.Hbie trivetrs Bf EnAnge Presented
in the last sections are the results of trade-o decisions.

Synergies, on the contrary, correspond to situations where
the increase of a given NCP leads to the increase of ano -
ther, i.e. a win-win situation (IPBES 2019e). Synergies are

Substitutes occur when an NCP is replaced through human-
made processes, e.g. the production of quality drinking
water can be achieved through ecosystem lters or through
water-treatment facilities. Substitutes can a ect the way
NCPs impact on GQL (IPBES 2019d).

Understanding these three options when making a decision,
particularly decisions that would appear to have no link with
biodiversity, helps in assessing one’s impact on the good quality
of life and good quality of business in the future. It also helps
in understanding the limits of managing and predicting envi
ronmental interactions.

AN ILLUSTRATION VIA AGRICULTURE
T%t... % |

Today, in agriculture as we know it, the

co-production of agricultural outputs has negative
consequences on potential NCPs and on biodiversity.
Agriculture is one of the largest causes of biodiversity
loss through land-use change, it contributes to

25% of global GHG emissions and is one of the
largest sources of pollutants (IPBES, 2019f). The rise
in intensive agricultural practices has occurred at

the cost of many regulating NCPs. These intensive
practices, especially the use of fertilizers, have
undermined the capacity of nature to regenerate soil
quality by improving soil biodiversity and enhancing
soil organic carbon, which is necessary to soil health
and crop productivity. Agricultural production has
been increased at the expense of habitat creation for
species, carbon sequestration through deforestation,
water quality and other NCPs, which will undermine

potential NCPs for future uses. Intensive agriculture
promotes monoculture, which undermines crop
biological diversity and thus resilience to pests.

Synergies

However, it has been proven that synergies exist.
Studies have found that diversi ed food production
systems with fewer chemical inputs contribute to
higher biodiversity, improved soil and water quality,
reduced impacts on climate, enhanced nutritional
values and more diversi ed diets (IPBES, 2019e).
Moreover, analyses have proven that meeting global
food demand is achievable through sustainable
agriculture. “ Recent scenario analyses have shown
that globally enough food could be produced for
everyone in 2050 on existing agricultural land, while
halting deforestation and protecting 17% of the
X+%Y¥...UA E% %% %AEYL™t¥ —te™MELEA
sustainable diets, reduced food waste and closed
yield gaps” (IPBES, 2019f).

oenreferredtoas »*A™E ™ O % %0.UE %o ¥ «t¥™E ™ %, A
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Trade-o s and synergies also need to be understood from a
spatial and temporal perspective. Decisions made at a given time
and place can have consequences in the future and far across
the world, especially in such an interconnected world. Demand
for products in one part of the world will impose pressures on
ecosystems on the other side of the world. Also, ecological
interactions can ow across time and space, and an action
on an ecosystem can have impacts downwind, for air quality,
downstream for water, or across territories for migratory spe -
cies, for instance.

When discussing the interactions of human activities with bio -
diversity, there are two main barriers to the integration of bio -
diversity which institutions have to date failed to overcome in
developing a sustainable approach to biodiversity:

— T%t"“% .. Y +’ E— % Whes tamnfon interest is not
su cient to overcome the pursuit of personal interests. The
tragedy of the commons can be easily illustrated with envi -
ronmental issues, such as climate change, deforestation or
shing. For example, the climate is a public good and there is
a common interest of governments to limit climate change,
however they would also all prefer to see other countries
bear the costs, leading to a free-rider problem and a lack
of commitment in international agreements (Combes, 2016).
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— T%t“% ...Y +’ E— %Ghort-tepmidhais anether hindrance
when tackling long-term environmental issues such as bio -
diversity loss. Financial actors expect short-term nancial
returns. The long-term depletion of ecosystems is not taken
into account and the damage is not perceptible within the
average time span of nancial analyses, i.e. 3to 5 years. Even
though the lead time for the consequences of biodiversity
loss is shortening given increasing human pressures on eco -
systems, the materialization of such risks greatly exceeds
the time horizon of nancial actors and is therefore ignored.
This is easily illustrated by the continuous investment owing
to unsustainable, but nancially pro table activities such as
fossil fuels (Dasgupta, 2020).

In conjunction with the tragedy of the commons, this tragedy of
the horizon highlights an institutional failure and a critical role
for governments and regulators to “ compensate for the inability
of markets to react in the face of potentially catastrophic losses
related to tipping points " (Dasgupta, 2020).

OE™M%B «€% ™A €+«E™M«i+[A¥Y t..0t«€™«" t«.. 2tE™M«" »%+“% % AA ™«

a™MEA £ o™t  ™MO%LA™MEY ¥rAA+

" ET%O AEtE% +' £<<iAX¥%o’..."%o ™ A
¥+AA £ o™t MO %FLAM™MEY t«.. % €

E—% ™anteEEA t«.. %W™MALA+

The vastness of biological diversity requires far more research
and mapping, it is estimated that 8 to 12 million species remain
unknown (INPN, 2020). Among existing species, approximately
86% of terrestrial species and 91% of marine species must still be
described (IPBES, 2019a). Some taxonomic groups (e.g. terres
trial mammals and birds) are far more studied than others and
this skews our overall perception of the status of biodiversity.
There are also geographic imbalances. Se ing up observatory
systems and maintaining them over time is quite di cult in some
areas and we lack data (on environments, taxa, their status and
dynamics) for some world regions.

Grasping how whole ecosystems function is highly complex.
Beyond data and loss quanti cation per se, we also lack an
understanding of interrelationships and interdependencies.
Populations dwindling, migrating or disappearing will notimme -
diately translate into ecosystem collapse, there will be time
delays before cascading e ects materialize and it is extremely
di cult to predict such outcomes given the uncertainties in the
behavior of living beings.

Scienti ¢ research needs to advance on biological and eco -
system questions, but it also needs to go further concerning
the interactions and interdependencies between biodiversity
and humans. Data is lacking in this respect and the scienti c
literature is growing, but still sparse.

For instance, more study is being put into the e ects of agricul -
tural development on biodiversity and what the introduction and
expansion of agroecology could entail. But the potential risks
facing other economic sectors and their impacts on biodiversity
have undergone very li le empirical testing.

When it comes to the nancial industry, the mechanisms at work
are still unclear and evidence is largely missing (Busch, Timo et
al., 2019). These micro-level risks could materialize on di erent
space and time scales, and computing how they will combine

«i2e% % +' "tEEA —tO% *% %o« '™3IH2aYY
E %o «..%<«€E™M%A t«.. E—% €tiAtY ¥MEA x™ME_— —jat« tEE™MO™ME ™Y A, tA A%
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on the macro level will be yet another step in understanding
the scope of the challenge ahead. We need to pursue studies
on the potential occurrence of systemic risks (WWF, 2019a) and
continue the work on the rami cations of biodiversity loss for
economies and societies.

One way to do so is rst to build upon the growing work on
climate change-related risks and impacts. These two challenges
share deep connections (Farber, 2015) and lessons learnt from
the climate sphere could be of great use in the biodiversity eld.

For the nancial industry for instance, the framework and recom -
mendations put forward by the Task Force on Climate-related
Financial Disclosures could constitute building blocks for fur -
ther integration and disclosure of loss-related risks for NCPs
(WWF, 2019a).

An approach that is mainstreaming in the climate eld and that

is progressively gaining ground in the biodiversity eld as well is
modelling. Models are increasingly being used to provide insights
into what could happen in the future under diverse scenarios,
taking into account socio-economic factors. Adopting di erent
approaches, e.g. bo om-up and top-down, from ecosystem ser -
vices to humans or from anthropic pressures to biodiversity, can
indeed help in be er understanding and framing the problem.

Multiple entities are working in that direction. Within the Sixth
Framework Programme of the European Commission, the ALARM
(Assessing LArge-scale environmental Risks for biodiversity with
tested Methods) integrated project gathered scientists from 68
research institutions to devise and test protocols under di erent
scenarios (Spangenberg et al., 2012). A consortium of more than
40 universities and non-pro t organizations gathered in 2017 to
launch the Bending the Curve initiative (WWF, 2020a), which
led to the publication of an article using a panel of land-use
and biodiversity models to evaluate the possibility of reversing
the terrestrial biodiversity loss that is being caused by habitat
conversion (Leclere et al., 2020). Most recently, the article by
Powers and Jetz titled “Global habitat loss and extinction risk of
terrestrial vertebrates under future land-use-change scenarios”
(see Powers & Jetz, 2019) published in Nature Climate Change ,
received much a ention from the scienti c community.
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Back in 2016, IPBES published aMethodological Assessment
Report on Scenarios and Models of Biodiversity and Ecosystem
services to review the existing literature on this theme and guide
the use of models and scenarios (IPBES, 2016).

The purpose of these types of analyses is to inform policy-making
and the work by the CBD on the future framework and objectives
to be agreed upon on the international level. However, given that
ecosystems are multifactorial, highly complex and uncertain,
i.e. unpredictable systems, it is of the utmost importance to
bear in mind that these modelling methods can provide helpful
decision-support tools, but they cannot be seen as stock answers
and need to be applied with care (IPBES, 2016).

Aside from modelling, in the run-up to COP15 of the CBD, a
great deal of research work is focusing on past and present
trajectories to assess policy actions and promote those that
work in order to reduce anthropic pressures on ecosystems. For
instance, research shows that protected areas are key factors
in halting biodiversity loss (Geldmann et al., 2019) and that they
could, in the maritime domain more particularly, create bene ts

in multiple and even distant places.

Concerning economic agents, metrics and indicators are increa -
singly being used and developed to evaluate impacts and depen -
dencies on biodiversity. In the past few years, many methods
have emerged, for example tools to calculate biodiversity foot -
prints (Berger et al., 2018). The E.U. Business & Biodiversity Plat
form in partnership with UNEP-WCMC has been mapping and
assessing these di erent approaches (Lammerant et al., 2019;
OECD, 2019). But this work is on-going and far from achieved.
Much remains to be done on the question and no harmonized
framework has emerged yet.
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These categories show broadly the direction being taken by
scientists in the elds of biodiversity, biodiversity and human
interactions, and actions undertaken to mitigate the losses. The
Fondation pour la recherche sur la biodiversité (FRB), which
hosts the Scienti ¢ Secretariat of the IPBES French National
Commi ee, recently reviewed research projects being under -
taken by French researchers in these elds (Cazaux-Debat,
Hallosserie et al., 2020).

PART 1.
O 1 T OMPCIO

Q-rr Biodiversity refers to the “web of life” on Earth and encompasses three levels: % €+ AY AE %A,
A» % €™ % A, t«.. .Mumand'daePart of ¥ web of life.

O=rr Nature directly or indirectly contributes to and supports human existence and wellbeing.
This is what the concepts of ecosystem services and Nature’s contributions to people  (NCPs) re ect.
The conceptual framework designed and used by the Intergovernmental Science-Policy Platform on
Biodiversity and Ecosystem Services (IPBES) is based on 18 NCPs.

O=r The IPBES 2019 Global Assessment Report is the current reference document on scienti c
knowledge concerning biodiversity. Its main message, which more recent work has been con rming

since, isthat « tE 1% % ™A ... % E% % ™+ %tE ™ «* {rodkikdividudlls.tdecosystanisy, ¥abkad) %o i
unprecedented and alarming pace . We are currently witnessing the sixth mass extinction of

o™+ MO % IA™MEY

O=rr Theinteractions between biodiversity and human activities are E x+1xtY A E.% %o %o E A

— Humans depend on realized Nature’s contributions to people (NCPs) for a good quality of
life and good quality of business, yet the dynamics of change of these NCPs is currently
unsustainable .

— Humans also have impacts on biodiversity through the decisions they make, triggering
either E%t... % | £ AA, AY « %o %" ™ %o Todayyhulians &rétdspartsible forthe s O % 2t ™
Y™ O % Yo A b biddiversitylo —t«“ %A ™« ¥t«... t«... A%t (A%, O» %€ ™MBA +O
"«OtA™ O % A»% €™ %Pollution and"ChniateAslange .

Through cascading and feedback e ects, the vicious circle of harmful  impacts and dependencies .
between humans and biodiversity loss ¢ %o+ »t% ... M8 % A E—% 'IE[%% tOt™¥te™Y ™MENR +° 8|

to people andhence 1% O% %Y €+«.. ME™Mt«A £’ % U™ AE % « € %o

O Biodiversity and climate change are twin crises that need to be addressed concurrently.
The “»¥t«% Et3Y o= ['¢hattée™sBodiated with these two crises are the “core” boundaries,
meaning that the consequences of one of these crises alone could irreversibly change the Earth
system.

O=r science is continuously progressing in describing the state and dynamics of biodiversity loss,
and the interactions with humans. Yet, €+« A™ .. %o ¥ate¥ %o £ «* X ¥ %o .in"Car UnderStadidiag t ™ J
of biodiversity, biodiversity and human interactions, and actions undertaken to mitigate the losses.
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PART Il

HUMAN SOCIETIES
AT RISK FROM
BIODIVERSITY LOSS
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The rst part of this report highlighted two interactions and

one dynamic: First, our societies, from individuals to all types of
organizations, are dependent on biodiversity for their existence
and well-being. Second, through their decisions and actions,

individuals and organizations have the power to positively impact
(through synergies) or negatively impact (through trade-o s)
ecological interactions. Finally, during the last century, the
unprecedented demographic and economic growth of human

The full extent of the biodiversity-loss challenge is not yet fully
grasped by the scienti c community. There are still knowledge
gaps (see Part LIll.) in understanding how ecological interac -
tions will adapt to disruption and where biodiversity-related
threats will arise, their evolution in the future and how they will
materialize into risks. Some speci ¢ industries or situations have
been or are being studied, e.g. agriculture and health (by the
IPBES or the FAO), nancial institutions (by the Natural Capital

societies has ™M « €% % tA ™« “¥Y »IE » %% AA %% +RinanteAlliaite(NGRAY dMdgsbal ¥conomic impact scenarios

+O0% %% U»¥t ™ME ™" 8tEI% % UA
material goods at the expense of other regulatory and non-ma -
terial services, leadingto t A E %o %o »
terms of ecosystems, populations and species, with scientists
sounding alarms about the oncoming planetary boundaries.

This vicious circle of harmful human activities on biodiver -
sity combined with the cascading e ects between ecological
interdependencies is forcing
t«...
Nature’s Contributions to People , with an increasing amount of
uncertainty about the reaction of biodiversity to these harmful
impacts and how far they are from causing full disruption

T+ [« . % %WAEt«... «™x% |

E+t —tO% t €¥%t¥% l«.. % %AEt«.. M«
@+ %% [Ait¥Y % ™MAELEA+ O%« E—+i“—
A% «E%o ... €t« % o¥tt..¥Y ¥te% ¥¥% ...

When studying risks in general, animals play a central role,
especially swans. In addition to “ white swans ", referring to
relatively certain and predictable risks, e.g. car accidents, “ *¥t€£
swans” are now famous for representing
[ « € %0 % E tSUch Y terrorist a acks. The main features of
black swans are as follows:

— They are unexpected and uncommon;
— They have high-magnitude impacts;

— They are unpredictable and can be explained only a erwards.

A new color of swan has been added by the nancial community
to refer to an emerging type of risks, namely
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t “Ytx ™M« «l@0% ¥ £’ ™M«...

€% t«™%BA Ex %% ¥Y +« t ... % €% %tA™ «hartiariedBbave. This AnAysi¥i%based on current observations

MO % VaA™ME Y% % ¥tE %o ...

YyMAE ¥™«E% ...

+ pividivge | E ™(hythe WWF Hedhang ¥tbeers).

.%o €¥ ™ « %o ifM « < This sedtod %nts d& Dhdelstanding how biodiversity loss could

arise as a threat for human societies as we know them today, on

four di erent scales of social organizations, namely ™ «... ™M O™  [t¥A
€+3%t« ™% A, «t«€™t¥and «hd WHBIE éEofbmic A

AY A EWewill rst propose a de nition of the main features

of biodiversity-related risks, then present a typology of di erent

B divisitytekahed risks on the four levels of human societies

of the consequences of biodiversity loss and the limited number
of projections that have been made.

+" E—% ™3% £%Y "% tEi¥% %A, x—™g
E— ™A 3 %»+3%E ™A "+€1A%.. t« ¢™x+
tA «tEi% % | %% ¥tE% ... %2 ™MAEA, ™M«EY]

Y™AEA 3% » Va%o A %o « E %o ... BINCKRSINHNES Sack“ghoen« A S
swans” share some features, they are both € —t %t € E %o % ™ & %o ...
%o %o» [ «E%VEt™MEY, «2«|¥™M«%t¥ »Yat»t“tET
«% “tE™ O % % U.EHEwBver ¥hied speti Afeatures of
green swans initiated the creation of a separate category (Bank
for International Se lements, 2020):
E+
— There is a high degree of certainty they will occur. “* That is,
there is certainty about the need for ambitious actions des -
pite prevailing uncertainty regarding the timing and nature
of impacts ” (Bank for International Se lements, 2020);
— The level of impacts is more serious than other systemic crises,
because they pose existential threats to humans;
— Their complexity is greater than other swans, due to their
“€xan¥%U €—t™« %% tEE™«A t&(BarktfbrEt.. ™ «*

— M
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According to the Dasgupta report (the latest independent glo -
bal review on the economics of biodiversity, commissioned in
2019 by the United Kingdom HM Treasury and led by Professor
Sir Partha Dasgupta), the irreversibility of their consequences
is a further factor.

Biodiversity-related risks for human organizations arise from the

“change in available stock or condition of natural capital ", i.e.
the ow of ecosystem services and the “societal responses” to

these changes in goods and services provided by nature (Das
gupta, 2020). The changes in the condition of ecosystems and
their capacity to produce goods and services impact individuals
but also organizations, and are identi ed as

The societal reaction to these changes includes “ regulation and
pricing of externalities, technological changes, evolving social

DEPENDENCE

Figure 8.

In the following analyses, the concepts of feedback and cas -
cading e ects are used to describe the material consequences
of biodiversity loss on individuals, the private and public sector
and the economy as a whole. These concepts are de ned here

A ™ ¢« ™ g€ foll@vs:

Cascading effect : effects cascading from one actor to the
other through the value chain or through an industry, or several
industries;

%o %o ... » t € £ Ywie¥otBeEe ect worsens the initial cause in
a vicious circle.

norms and consumer preferences, and the threat of legal liabi -
lities and litigation " (Dasgupta, 2020) thus impacting the quality
of life and businesses, and are identiedas E¥%t«A™E ™M+« % ™A,

In other words, individuals and organizations are exposed to
Ext ... MA% %% «E EY»%A £ ¢e™x+ 1 MHY%AMEY|Y

— Physical risks due to direct exposition and consequences of
biodiversity loss and ecosystem degradation or disruptions;

— Transition risks due to the consequences of the collective
response to the threats or materialization of physical risks.

Biodiversity-related risks can be diverse in terms of geographic
occurrence, intensity, frequency and time period (Dasgupta,
2020).

»—YA™ELY ¥ ™ AMsAnost biodiversity-related threats for individuals, businesses

and nancial institutions arise from their dependence on biodi -
versity, it is important to keep in mind this feedback dynamic
of human and biodiversity interactions, as shown in Figure 8.

‘... ™MQO™

Companies

Financial
institutions

TtE€ Yt %o € £ 4

T Y™ A

A er having de ned what the main features of biodiversity-re -
lated risks are, we will now look into what it entails on the
four levels of human societies, namely individuals, businesses,
nancial institutions and the economic system.
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11 INDIVIDUALS

Rising threats related to losses of biodiversity and ecosystem services are the most tangible on the scale of the individual. Biodiversity
loss poses threats to individuals on two di erent levels, directly with physical constraints or the lack of access to natural resources
(» —Y A ™ £ t)¥batdsdifidirectly with threats to their socio-economic situation and security (  E %t « A ™ E Ty (see VaBleAE A

Rising health issues

Proliferation of diseases, rise of vector-borne diseases, of zoonoses,
with potential pandemics

Negative impacts on human physical and mental health and well being

Loss of treatment options for the future

Premature death due to health issues

Dietary issues

Shortage or lack of access to basic life-supporting resources

Shortage or lack of access to other resources

peregsing physical injuries/deaths

Pbﬁ#tﬁdamages

Social inequalities

Rising poverty

Social unrest

Loss of cultural identity

Decrease in livelihood and income security, especially nature-based income
(related to resources or derived products, tourism, payment for environmental services,
small-scale agriculture, aquaculture)

Depletion of household assets

Con icts, uprisings

Migration

Table 4. ™+ ™MO%LA™MEY I %% ¥tE %o ... %o2%0 % “IM « “tEE% % tBA £% , W&ILATM O .OIt¥AES. >

The following paragraphs present three examples to illustrate
threats to people in the elds of “Health”, “Con icts” and “Coral
reefs”. These are just examples, hence a non-exhaustive list
of the channels through which individuals can be a ected by
biodiversity loss.

HEALTH (based on IPBES, 2019¢)

According to the IPBES, Nature’s contributions to people can
impact individuals’ health through diet, environmental exposure,
communicable diseases, hazard risk, psychological health and
natural and biochemical compounds for medicines.

— Diet. Food production and a multitude of other supporting
NCPs are key to providing humans with a healthy diet. Even
though global food systems produce enough calories to feed
the world population today, many still su er from dietary
health issues. Diet-related diseases are the rst cause of
premature mortality around the world and non-communicable
diseases such as diabetes or cardio-vascular illness produce
as many deaths as starvation. While poorer countries are
facing diseases caused by undernutrition, wealthier countries
are seeing a rise in obesity. Biodiversity factors linked to the
global food supply are essential to provide healthy diets, as
well as for the resilience of the global food system.
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— «O™Y+«2% « Et¥ Beibriardingadmvironmental quality
is a source of health issues for humans, such as the rise in
air and water pollution. The decline in NCPs related to the
regulation of air and water quality combined with anthro -
pogenic sources of pollution exponentially increase the risk
of health impacts.

— Communicable diseases. Nature can be the source of commu -
nicable diseases and contagion risks for human societies. The
loss of habitats increases the risk of proximity with pathogen-
host species and consequently contagion to humans, or the
creation of environments conducive to vectors. Therefore,
the loss of ecosystems and the overlap of vector and human
habitats creates an increasing risk of the spread of com -
municable diseases, e.g. Ebola following deforestation by
humans (see the Case Study on Biodiversity, Pandemics and
Relinsurance in Part 3.11) (see Box 4).

— % tat¥ ... A MrAddy observed and documented with climate change, environmental change can result in hazard risk and
increasing human exposure to heat waves, extreme storms and wild res among others. Biodiversity can help reduce these risks
by bu ering the impacts or providing protection against these extreme events. Through the regulation of extreme events, biodi -
versity can reduce the impacts of ocean ooding and storms as well as heat waves and heat exposure, especially in urban areas.

— HAY€—+¥+"™ ¢ Bxpesuite t¥ the-natural environment is thought to have a positive e ect on psychological well-being, even
though scienti ¢ ndings are still inconclusive regarding the extent of this e ect (see Box 5).

6. The decline varied depending on the species. “ T— % %0 AE ™ atE %o

%o €¥ ™ « %o ...

[Oriental white-backed vulture: Gyps bengalensis]) percent.” (Markandya et al., 2008)

1% ™ «“ E [Lo¥g-billsdXuitue:. Gyps ULus]E fE ™ A 66-®+5>T2bb
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BOX 5
BIODIVERSITY AND MENTAL HEALTH

According to the World Health Organization and the Secretariat of the Convention on Biological Diversity (CBD), “  the

€+« «%EE™M+«A ¢%EX%o%ox *™+  ™MO%ILAMEY, 3% «EtY —%t¥E— t«...

global burden of disease, in which noncommunicable diseases (NCDs) are the most rapidly rising challenge to global

public health. ” (WHO & Secretariat of the CBD, 2015). In fact, as the world becomes ever more urbanized and humans ever
more sedentary, a signi cant share of the world population su ers from NCDs such as cardiovascular diseases, chronic
respiratory diseases, diabetes type 2 and mental health disorders (WHO & Secretariat of the CBD, 2015; WHO, 2021).

It is well established that “ observing nature and participating in physical activity in green spaces play an important role

Mg »2A™MEM™MO%YY ™«gli% «€™«" —(Rrey %b ok, 2011} LGreen%x¥éréise%ha¥ been proven to induce

signi cantly improved self-esteem and mood (Prey et al., 2011) while “nature experiences” (e.g. vigorous outdoor

activities, but also walking and hiking, birdwatching or “forest bathing”) could have signi cant positive physiological

impacts (e.g. on the heart rate and blood pressure) (Prey et al., 2011; Parlet al., 2009; EFESE, 2018; MTE, 2020b; Bratman
et al., 2019), to say nothing of the health bene ts from exposure to the sun in terms of vitamin D absorption (Pre y etal.,
2011) and from the opportunities for social engagement and interaction that going outside provides (Pre y etal., 2011).

(For more details on the body of evidence, refer to Bratman

et al., 2019 as well as the U.K. National Ecosystem Assessment:

Technical Report, Chapter 23: Health Values from Ecosystems (Prey etal., 2011).)

Research work has shown that interaction with nature provides cognitive bene ts as well as emotional and existential
bene ts (American Psychological Association, 2020). Studies have associated exposition to and contacts with nature with
improved sleep and with reduced depression, anxiety and stress (Fondation pour la Recherche sur la Biodiversité, 2018;
Bratman et al., 2019; American Psychological Association, 2020). In parallel, “nature-de cit disorder” is considered a new
developmental disorder in children who are less and less in contact with the natural world and increasingly exposed to
electronics (Fondation pour la Recherche sur la Biodiversité, 2018).

However, the research in this eld is ongoing and the evidence needs to be lled out. Most studies establish correlations
between contacts with nature and increased human health and well-being (Bratman et al., 2019), but more evidence is
needed on the causal relationships. Moreover, the existing literature focuses primarily on the “quantity” rather than the
“quality” of nature (Van den Berg et al., 2015) and does not address biodiversity per se (Marselle et al., 2019). To date, the
one systematic review of the literature which speci cally investigated the health and well-being e ects of biodiversity

found no clear pa ern of results (Marselle et al., 2019). Researchers are calling for more interdisciplinary studies that would
include more detailed characteristics of nature and more diversi ed population subgroups (Van den Berg et al., 2015;

Marselle et al., 2019; Bratmanet al., 2019).

From a very di erent yet complementary angle, another eld of research is increasingly shedding light on the connection
between biodiversity and human health, namely microbiology. When discussing biodiversity loss, one tends to immediately
think and focus on the extinction of iconic species, but this is the tree that hides the forest of alarming signals regarding
the vast process of biodiversity loss (see Part I.1.1). And a similar bias arises when dealing with the health aspects of
biodiversity. One tends to forget that biodiversity is not only the nature outside of us, but it also refers to the genetic
diversity of individuals and is composed of the diversity ~ within them.

A wide variety of microorganisms (e.g. bacteria, viruses or fungi) live inside the human body, notably in the gut. The links
between the gut microbiota and the brain in humans are being actively investigated by researchers and the concept of
bidirectional signaling is emerging (Du Toit, 2019). Associations have already been scienti cally established between the
presence of speci ¢ bacteria in the human gut microbiota and the mental health of individuals (notably with regards to
depression) (Valles-Colomer, M. et al., 2019; Du Toit, 2019). This is yet another aspect to be considered when looking into

the repercussions of biodiversity loss on human mental health.

— Natural and biochemical compounds for medicines
Biodiversity is a primary resource for many medicinal products,
both traditional and modern. Antibiotics, cancer- ghting
drugs and other medicines such as aspirin are derived from
nature. Even though modern medicines are dominated by
synthetization, nature continues to be the main source of new
medicines, e.g. new antibiotics for antimicrobial resistance.

Biodiversity loss can also have detrimental e ects on the scale
of society, hi ing each and every individual within a society.
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CONFLICTS

Shortages of natural resources, especially food and water, can
be a source of geopolitical and social tensions. The loss of
biodiversity and ecosystem services is expected to increase
these situations, mainly through acute extreme events such
as droughts. In Africa, droughts are known to be a source of
increased violence, up to and including major worldwide con icts
such as the Syrian civil war (WEF, 2020b).

»—YAMELY tEEMO™EY t%% »t%E™MEI¥tIYY

CORAL REEFS AND THREATS TO PEOPLE

The decrease in coral reefs around the world represents a major
threat for people living in coastal areas. In terms of access to
resources, coral reefs support the development of sheries (coral
reefs host more than a quarter of all sh species). Concerning
vulnerability, coral reefs are a critical protection against coastal
erosion, especially in the case of extreme events, such as storms,
and they can protect against ooding. Coral reefs are also a
major source of income for coastal populations thanks to tou
rism. Therefore, a single ecosystem can support access to basic
resources, protect from extreme events and support economic
development for individuals living nearby (WEF, 2020b). Similar
examples could be developed for other types of ecosystems,
such as mangroves, wetlands, etc.

People are not equally vulnerable to these threats. Vulnerability
depends on the exposure of each individual and on his capacity
to protect himself or to adapt. The exposure to biodiversity-re -
lated threats can vary across regions, but also across socio-eco -
nomic classes and even gender. And the ability to adapt depends
on the available nancial capital of each individual, among other
factors. Therefore, increasing biodiversity threats is a cause of
worsening social and economic inequalities around the world.

— 1% « ... %0 ¥a ™ «ibtargdses MrEUgh biodiversity loss because
women and children have a role in managing biological and
natural resources, consequently, they have greater exposure
to biodiversity. Increasing gender inequality is a threat to
economic development (WEF, 2020b).

— Poorer populations have greater exposure to the loss of
biodiversity and ecosystem services because poorer popu -
lations tend to live in rural areas, depend highly on nature-
based incomes and have less access to technologies and
the means to mitigate biodiversity loss. As such, they face
higher direct impacts from biodiversity loss, worsening the
dynamic of global poverty and threatening social and eco -
nomic development.
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111BUSINESSES

For many years, climate change has dominated in the minds
of regulators and companies, at the expense of the loss of
biodiversity and ecosystem services. However, since the IPBES
Global Assessment report in 2019 and the announcement of 2020
as the year of biodiversity, the topic has become increasingly
present in corporate agendas and initiatives are ourishing in
the corporate world, such as the Act4Nature program. In the
past few years, a multitude of grey and scienti c literature has
emerged on the exposure of businesses to biodiversity-related
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threats and how they materialize. Depending on the industry,
the research has made more or less progress.

The WWF'’s new nature-related risks framework (see WWF, 2019a)
provides a new perspective on how to look at the increasing
threats linked to biodiversity loss (see Box 6). The following
section will use the concepts of this framework to depict these
threats.

Similar to individuals and as seen in Part 2.1., businesses face
physical and transition risks.

Physical risks

Direct risks are physical risks which relate to the direct conse -
quences of biodiversity loss and NCP disruption on business
operations. A physical risk can be acute (short-term), i.e. related
to a single extreme event, e.g. a storm or a surge of an infec -
tious disease, or it can be chronic (long-term), for example in
the form of changes in ecological interactions within ecosys -
tems degrading its capacity to provide goods or services in
the same quantity or quality, e.g. soil quality for agriculture

ack of inputs for
the production
process

Lack of enabling
factors for
production
pf¥cesses

Lack of direct
impact mitigation

M BN rotection
from disruption

Table5 ™Ma ™M O% LAMEY IV % ¥tE % ... %% %™« »(AabtBtigrow WEF 20800EGECH 2019 AVIWK 20 FOA %0 A +

ACCA, 2014; ENCORE, 2020)

(Dasgupta, 2020). If physical risks occur, there may be opera-

tional consequences €+ %% %o A»t« ... M« Ex —+x t % ™A

material for a business . Usually a biodiversity-related risk, if
not prevented or mitigated, can lead to a cascade of operational
consequences and turn into nancial consequences.

For instance, the depletion of soil quality or of wild pollinators
can be considered chronic risks whereas pandemics or extreme
climatic events associated with biodiversity loss are acute risks.

Relying on ENCORE's typology of business dependencies on
biodiversity, we can de ne physical risks, which arise from the
disruption of those dependencies (see Table 5).

Disruption of business
operations, labor shortage,
increased exposure to indirect
risks

Disruption of business
operations, damages to
infrastructure, labor shortage,
increased exposure to indirect
risks
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Transition risks

Indirect risks are also referred to as transition risks and relate to risks arising from the shi s to a sustainable economy with lower

harmful impacts on biodiversity. Transition risks include % %0 “I¥tE+%Y »+¥™ME™M %A E%E€—«x¥+“™MELY MexOtE™Mz«A, A—™MAA ™ 2
rences and €t« +€€1% 0% ¥% E—% ¥+«“IE% %2 + ¥ (DAsguplaj 2020). ThedeviibksteftergeArom the inability of a

company to adapt to a new environment.

There are four types of indirect risks (see Table 6).

Loss of customers, negative press
coverage, divestment of stakeholders,
new sourcing and/or production process
requirements, increasing regulatory risks

Loss of customers, new sourcing and/or
production process requirements

The rise of litigation risks with increasing
lawsuits from parties suffering from
biodiversity-related loss and damages,
higher legal costs, threats to business
value with for instance the rise of
stranded assets, threats of operating
license loss

Higher cost of capital or lending
requirements

Depreciated business value

Higher costs of insurance

Table 6. ™4 ™MO%LAMEY I %% ¥tE% ... %% %™« E@Adapfedfisri"WEF E020%; BEEDA20H9MMWWRAZN19%0 A A +
ACCA, 2014; ENCORE, 2020)
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The complexity of identifying biodiversity-related risks comes
from the complexity of the dependence of businesses on bio
diversity in combination of political and economic factors.

Not all companies are equal in the face of biodiversity-re -
lated risks and direct and indirect risks vary from one business
to another according to the sector, the sub-industry and the
production process. Moreover, biodiversity-related risks can

be passed on horizontally (through the industry) or vertically
(through the supply chain) to other businesses (WWF, 2019a).

As awareness of biodiversity loss and concerns about the

uncertainty of its consequences rise, E%t«A™ME ™M+« % ™MALA E
1% ™ A% %ot¥a¥ ™ % % E —Tihere are\nbri! éxaunplesoi £ A

companies su ering from transition risks than from physical

risks (see Box 8).

IV. FINANCIAL INSTITUTIONS

In 2019, Buschet al. conducted the rst comprehensive literature
review of how nature risks become nancial risks (see Busch,
Timo et al., 2019). This paper highlights the growing concern
and interest of nancial institutions in biodiversity loss as well
as the lack of empirical evidence on the impacts of nature risk
on the nancial industry.

In this report, we chose to separate nancial institutions from
other companies because the biodiversity-related risks to
which they are exposed are different from the ones facing
other businesses, due to the nature of their business and their
speci ¢ position within the industry value chain.

Financial institutions are ¥ % AA ... ™ ¥, %, € fo¥\Wisntental %o ...
changes, —+%x% 0% ¥% E—% Y t%% «*E ¥%AA A% «A™
of these changes because they rely on businesses which must

directly cope with these environmental dynamics. Most compa -

nies rely on the nancial industry’s services for diverse needs,

including investments, loans, nancial advice and insurance.

Therefore, E— %0 @@ «t«€™t¥ ™M«  JAEYLY ™A ™. ™3,% £
E—%zi“— E—% %o€x«xa3™E tEE™MO™E ™%he x ™ME —
biodiversity-related risks for nancial institutions materialize

when a company is exposed to a biodiversity-related risk and

is also vulnerable to the risk, i.e. when the question arises as to

whether the company has the ability or not to adapt to the risk.
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Therefore, tA ¥ %o« ... % %A, M« O%AE+¥%A, M«Ai%% %A +¥% t..O™MA+Y%A, 2ctcE™tY £€6ETab ThA "t€% « ™+ .
This analysis is focused on the asset side of nancial institutions.

Financial institutions

Y% ... ME ¥

Tt%E%E K™/

>» %0 VatE ™ £ « t ¥
K% » [ EtE ™ + «

K% “T¥tE+%Y ¥ %

Transition Tt%HE%E %™

Y%a™AE

Y«.. % ¥ax¥™E

>» % YatE ™+ « t Y

2T™M 15[ ™ M E

O+¥0 % «£€ 7

™a MO % VaA™MEY %% ¥tE % ... %02% %" ™ «* E {Ad&pted RormNGFS; 2020€ OECD, 20&A BECBE DETY, + « A +

Dasgupta, 2020, Table 17)

Financial institutions are thus very sensitive to the exposure
and vulnerability of their customers and nancial products to
nature-related risks (DNB, 2020).

— OE+€£ 2t%£% E » %0 ¥ould¥alko b€ bt when markets
react to the materialization of biodiversity-related risks such as
oil spills, pollution and diseases. Moreover, some correlations
have been observed between harmful impacts on biodiversity

— U»+Ai%% +' €IAEx2% %A E+ »-tulhAnt €redit % ™ A £ fartdecreased cash ow. Some companies are legally obli -

and market risks, through business disruption or decreasing
business value, companies then struggling to generate pro t
and payback debts;

gated to compensate for their pollution and investors will,
at some point, tend to implement environmental criteria in
their portfolios;

— U»+Ai%% =’ €IAE+2% %A E+: E%Ut«A™E ™+« 34 ™MABA « t « By3teri has not been studied enough yet, with

— « Reputation or market risks for companies having negative
impacts on biodiversity can translate into a higher proba -
bility of default on loans and write-o s of investments,
consequently turning into credit and market risks.

— « Regulatory risks can increase operational risk for the nan -
cial party due to liability claims and reputational damages.

Across the nancial industry, the exposure to biodiversity-related
risks di ers from one sector to another. Busch et al. studied four
main nancial sectors, representative of the available research
to date (Busch, Timo et al., 2019):

— T—% %% t¥ %o A Ei$ Ehesamestatrisk Hue to the rise in

extreme events and hazards, increasing market and liquidity
risks (drop in property prices);
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only one paper examined in the study (Castellani & Cinci -
nelli, 2015);

— The insurance sector will be developed in Part 3 of the
present study.

As a global consequence of nancial risks and as the nancial
industry experienced during the last crisis, the systemic aspects
of biodiversity-related risks could spread across the nancial

industry and worsen an economic downturn, leading to a macro
nancial risk (DNB, 2020) (see Box 9).

™ O % ¥ A™EN

BOX 9
% FROM FINANCE TO BIODIVERSITY: THE “INDEBTED TO NATURE” REPORTDNB, 2020

In June 2020, the Dutch National Bank and the Netherlands Environmental Assessment Agency (PBL) teamed up to assess
the Dutch nancial sector’s exposure to biodiversity-related risks and published a ground-breaking report titled “Indebted

to Nature”. This report is the rst of its kind within the nancial sector, acknowledging both dependencies and impacts

of nancial activities in terms of biodiversity. Thanks to a set of tools, they were able to assess the exposure of the Dutch
nancial sector to physical, reputational and regulatory risks.

First, through an in-depth review of Dutch nancial institutions’ dependencies on ecosystem services, using the ENCORE
tool, the Dutch National Bank was able to produce an overview of the exposure, ranging from the di erent types

of nancial institution to the associated nancial assets, the ad hoc business processes and the ecosystem services
supporting them.

%0 ™ € %o

Figure 10+ ™ «t« € ™t¥ AVAE %2 ... %0 » %o« ... %o <€ ™M %o A E+ %o €+ ASOBrEEHONER 20200 ™ € %o A- t OPi% €—1™

Biodiversity and Refinsurance: An Ecosystem at Risk— 55



V. THE ECONOMIC SYSTEM

A A% %« ™M« E—% ¥tAE E— %% % A%EE™+«A, t¥¥ E— %0 %0 ¥% 2% «EA E—tE 2t£% |» % €+ «+23™E AondhidittptAcisupisrivg Vital tinetiors Banaturd=nb inpBftial ... ™

O% VsA™MEY I %% ¥tE% ... ¥™MALEA+ +«A%%i%«E¥YY, E—% “¥+ot¥ %€+«+ta™E AYAE%?2 ™A 2+ AE ¥ ™of bi¥lsile tlicedh Ye aribtidd to Yatdré. However, a

1. AN ECONOMIST'S APPROACH TO BIODIVERSITY BY VALUING ECOSYSTEM SERVICES

Similar to other elds of study, economists are becoming increasingly aware of the necessity to integrate nature into models and
ways of thinking (see Box 10).

Since the 1990s, scientists have undertaken an %€+ «+2™€ Ot¥ItE ™M+« +' % €+ ANaAKS ¥ thelethaergDg'htholls of
economic valuation of goods and services which are not priced by markets because they are public goods, individuals, businesses
and governments can estimate in monetary terms how much they bene t from nature.
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price can be calculated for the protection and degradation of
nature. Since the publication of the 2007 Stern report (see Stern,
2007) on the e ects of global warming on the world economy,
the cost of inaction has become a prevalent topic.

It has been estimated that E— %o %€+ «+2™E Ot¥{% =+’

Some ecosystem services and goods provided by nature have
already been given an economic value, especially material
NCPs, such as commodities, and even some non-material NCPs
such as the recreational aspects of nature, for instance by
estimating nature tourism revenues. However, a majority of
ecosystem services are not traded in markets and thus lack a
monetary value. Economists have developed several methods
tet give. thernan.accurate value. There are three main types of

A% O ™ME%A »%+0O™ % ... oY «tEi%% %o U€ % %ecandmic-va¥atlbne + « +3a™E Ot¥|% =+’

human annual production . However, the wealth provided by
biodiversity and its services is never included in calculations
on our economic system. Human societies bene t freely from
the goods and services of the most productive machine on
Earth, Mother Nature.

Since 1997 and the publication in the scienti c magazine Nature
of “The value of the world’s ecosystem services and natural
capital” (see Costanza et al., 1997), awareness of the value of
nature and its services provided to human societies has been
increasing. These “free” goods and services have no market value
and are not included in economic valuations and indicators such
as GDP. Since the beginning of the 21% century, initiatives have
been undertaken to calculate an economic value for natural
capital, for example the Economics of Ecosystems and Biodi -
versity initiative in 2010 encouraged by the CBD administration.

There are several advantages to allocating a monetary valuation
to ecosystem services. It makes it possible to compare die -
rent services and human-made substitutes, it ensures be er
understanding of the phenomena and enhances consideration
on the part of decision makers.

— Y %0 O %o t ¥ %o ... | » ¥4 %o’ %o Yalhbue D¥sed %n BbservedA
choices by people;

— stated-preference methods : value based on responses to
survey questions;

— cost-based methods : value based on the estimation of costs
to replace a given NCP.

In order to regulate the use, trade or the pressures of human
activities on biodiversity, some institutions have also given an
indirect monetary value, either through taxes, e.g. a carbon
tax, or through market establishment. For climate change, the
UNFCCC has implemented carbon credits and, for biodiversity,
the CBD has created rights on genetic resources.

Assigning an economic value to ecosystem services acknowledges
the value provided by biodiversity and justi es, in part, its pro -
tection. In its 2019 “Biodiversity: Finance and the economic and
business case for action” report, the OECD (see OECD, 2019)
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gathered a sample of economic valuations of ecosystem services, making clear the degree to which biodiversity underpins the However, the economic-valuation approach has A ™ “« ™M e €t « E ¥ WheMtcomaY to pidtecting vital ecosystem services (see

global economy. '« 186&, E—% E+EtY¥Y %€+«xa3™E€ Ot¥{% ' E—% A% A% O ™E%A xtA %ikEOWRLE %o ... + YO 80kIE)ant wHasedn xd™ . % ¥V € YCUrientye iésaédbchers are looking more into xtYA Ex ™« E% “¥%tE% «tE[%t¥ €t
one and a half times the world’s GDP that same year (Costanza et al., 2014). Table 8 provides examples of the estimated annual »¥%™MOtE% t«.. «tE™ rcon¥dedrgtHe« Bdintenance cost of such capital rather than trying to assign a price to nature.

value of certain goods and services.

USD 1.9 trillion

USD 235-577 billion

USD 362 hillion

USD 36 billion

EUR 223-314 billion

CAD 3.4 billion

EUR 8.5 billion

EUR 6.4 billion t««t E
EUR 13.5 billion

JPY 674 billion

GBP 2 billion

USD 6.8 billion

Table 8. Ut2»¥% A £+’ % €x«x2™E Ot¥ItE™t« ' YMBaplell AAE%OECDTHRE10) ™ € % A +

¥+r“M™MEL

A+¥% .. %%, Ot¥a™+iA

o t™ HalYLit¥™MEY %% “I¥tE
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2. THE GLOBAL ECONOMIC SYSTEM — Capital depreciation;
AT RISK — Shi s in investment ows;
— Productivity changes depending on the geographic location;
According to the World Economic Forum’s 2020 Global Risk — Shi s in prices (from structural changes and supply shocks);
Landscape report, for the rst time since 2011, “Biodiversity — Labor-market frictions;
loss” reappears in the top ve Global Risks in terms of likelihood — Socio-economic changes with rising inequalities and poverty,
and impact, respectively in the fourth and third positions (WEF, changing consumption pa erns and demand, increasing migra -
2020a). It should be mentioned that all top ve global % ™AEA T™ans and conicts;
E% %2A £ ¥™ME%RY™ 2+ . t%% %o «O ™ ¥+ « 2% «E InterdrafivrialfrAde changes with new power balances, depen -
ding on the availability and disruption of NCPs in some places,
As seen in the previous three parts, our economy is embedded and changes in trade agreements, e.g. France’s opposition to the
in nature. Risks are increasing on all microeconomic levels and E.U.-Mercosur trade agreements over deforestation concerns
consequently on the macroeconomic level as well. By threate - (Actu Environnement, 2019).
ning human health and security, businesses’ value creation and
nancial institutions’ stability, risks related to biodiversity loss All these factors could have global impacts on the structural
put the global economy at risk. organization of the nancial system, companies and individuals. Eoa AY
Biodiversity loss is a potential source of business disruption and Going beyond valuations of nature, scientists today are trying
®«t«€E™Y ™ Affihe fa¥rbeEoviomic level, biodiversity to integrate nature in all its aspects in decision-making (on
losscould also €t1A% x™ .. % | %t«“™«" € —t«“% A Tte phblicandprivate tevigds). Modelling, as seen in Part L.l11.
€1%%% «E %€+ «xaY Thiough(NGFD 202Q): is increasingly used to try to account for the complexity of
the challenge and build comprehensive scenarios (see Box 13).

« t¥¥ %o

o KtE™+«t¥ ¥% O%¥ x™E
bot... Ya%ho€+x“« ME™M+« ' E
£»3% «E t«... t“%L™MEI¥YE[H
bo « —t <« €% %o €+AYAE%?2 A%

c%o«%o@EA Ex »%ot»¥% E
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PART Il

BUILDING BRIDGES
BETWEEN BIODIVERSITY
AND RE/INSURERS:
DEALING WITH
UNCERTAINTY




Developed countries rely on an insurance system to cover micro The re/insurance industry is already facing the challenge of

and macro risks and build resilient societies. The insurance climate change. Refinsurers are developing resilience to extreme
industry has been able to ful | this role thanks to its unique weather events and integrating climate data into underwriting

knowledge and expertise in risk assessment and management. and investing practices. Biodiversity loss is an equally critical
At the dawn of an unprecedented environmental crisis, how issue, however it is not yet as high up on the agenda. In the

last two years, in line with the development of the Post-2020
Framework of the CBD at the COP 15, there has been growing

will insurers cope with new uncertainties?

The re/insurance industry has a special position within the pri - interest and concern on the part of nancial institutions for
vate sector which allows it to play a crucial role in addressing biodiversity. Recently, several reports addressing the biodiversity
biodiversity loss. Re/insurance companies stand at the heart challenge for the refinsurance industry  have been published,
of the economic system, at the cross-roads between indivi - with calls for actions. Building on the understanding of cli -
duals, companies from all economic sectors, but also between mate-change issues, ref/insurers can broaden the scope of these
regulators and nancial institutions. Their economic role as risk initiatives to develop a wider approach in their risk and impact
managers, ensuring stability and crisis recovery through risk analyses and to seize opportunities (see Box 14).

transfer, as well as their signi cant nancial in uence through

their investment portfolio give them singular leverage. Last but This section looks at —+x E—%0 % %08 ™ « A%t « €% ™« ..

not least, their core expertise in assessing, modelling, quantifying “YstE%o e™x ... ™MO%VA™MEY, ¥at Afantlyzint oW » ¥t«« ™ «
and pricing risks provides them with a unique perspective on the industry interacts with biodiversity, what is at stake for

the systemic aspects of biodiversity loss and its potential cas - their business, how re/insurers take part in the loss dynamic

cading e ects on individuals, companies, nancial institutions and what role they can play to reverse the current trends and

and economic systems. nd opportunities in this new reality.

BOX 14
@ INSURANCE AND CLIMATE CHANGE: DRAWING A PARALLEL FOR BIODIVERSITY

In the re/insurance industry, climate change has widely been acknowledged as a signi cant risk with, among others,

ood damages likely to cost 0.3 to 5.0% of global GDP in 2100 (CRO Forum, 2019). Re/insurance companies now issue
annual climate reports and modelling agencies are integrating forward-looking climate scenarios in their models to adjust
premiums to a new level of uncertainty.

Re/insurance companies are assessing the carbon footprint of their investment portfolio and taking action, such as phasing
out coal. They may also adopt a new role of “ providing society with data that is global and structured in historical series,
to contribute to the understanding of natural perils ” (SCOR, 2020a).

Biodiversity loss has been scienti cally proven to be an aggravating factor of climate change and that in itself should be
enough to demonstrate that re/insurers have an interest in addressing this issue. However, biodiversity loss and ecosystem

disruptions could lead to « %o X t« .. 2+ %% ™«E% «A% t€IE% t«.. €—%+«™E LM™MALA tA x%¥¥ tA ;«t«E™tY¥ O+¥tE™MY™E

assets. Climate change and biodiversity are intricately intertwined and their consequences on human societies and the
re/insurance industry will be as well.

7. Examples are Biodiversity at risk, AXA Research Fund, 2019; Into the Wild: Integrating nature into investment strategies, WWF France, AXA, 2019; Protecting our
world heritage, insuring a sustainable future, UN Environment’s Principles for Sustainable Insurance Initiative and WWF, 2019; Underwriting environmental, social and
governance risks in the non-life insurance business, UNEP Finance Initiative, Principles for Sustainable Insurance, 2019; Measuring And Managing Environmental Expo
sure, Allianz Global Corporate & Specialty, 2018.
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Re/insurance companies’ core business consists in~ * % t% ™ «* % ™MAELA "+% *+E—%¥% %o«E™E ™S
premium + Cc—tE 2t£% A % %8 ™M «Al%% YA e% EE% ¥ E—t« »x¥™MEY —+¥ .. % %A tE
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O™ L It¥A te... €x2»t«™ %ottty %% FE%e34 %G, Ex ™«...™MO™ [ [t¥A t«.. €x2nt«™Y
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business processes.

The re/insurance business has a unique position within the economy and plays a speci c role in the development of human socie -
ties. The penetration rate of insurance coverage is correlated with GDP per capita, even though disparities exist depending on legal
frameworks, risk exposure and economic development (see Figure 11).

Ratio of insurance penetration to per capita GDP (2018)

Figure 11
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Similar to the work in the eld of climate change, re/insurance
has a major role to play in terms of mitigation and adaptation
to environmental changes, according to the CRO Forum (CRO
Forum, 2019). In addition to its primary objective of creating value
through its underwriting and investing activities, the re/insurance
industry can also theoretically create economic and social value
for individuals, companies and governments especially by:

— protecting companies from physical impacts;

— providing risk-management advice;

— supporting insurability, sustaining the economy;

— providing long-term investment;

—investing in hazard models and developing emerging-risk
expertise, to minimize future insurability gaps.

Rel/insurance companies’ revenue generation is divided into
two separate businesses, namely underwriting and investing
(see Figure 12).

K% 8™ «Al%t«€% $
Underwriting "«O% AE™

Figure 12

Re/insurance companies underwrite risks. The refinsurer receives
a remuneration (premium) from the policyholder (the customer)

for his willingness to bear the risk of a potential loss and provides
a nancial compensation in case the given risk materializes. Re/

Concerning the underwriting activity per se (i.e. discounting
all investing activities), the nancial equilibrium depends on
su cient collected premiums to cover the costs of that spe -
ci ¢ activity (i.e. claims payouts and operating expenses). The
equilibrium of the underwriting business is intrinsically linked
to the capacity of the re/insurer to manage the uncertainty of
risk, in order to price the premiums accurately and not to resort
to extra capital (which comes at a cost).

One of the Key Performance Indicators (KPI) for the short-term
underwriting business is the combined ratio:

(Claims payouts+Operating Expenses)

Combined ratio=
(Collected premiums)

—if the combined ratio is superior to 1, then the collected
premiums are less than payouts and expenses;

— if the combined ratio is inferior to 1, then the collected pre -
miums exceed payouts and expenses.

N.B. The combined ratio includes only the relationship between
premiums and payouts, excluding the capacity to cover claims

XT™ME _— t .., .. ™ME™ 4 «t¥ ae«t«E™tY %%O % «i% A t«...

remuneration (which will be explained further in the next sections
on Investing, Reinsurance and Solvency).

There are two main types of insurance policies, H ¥+ » % % EY

tATt¥EYd 2™ % E %% t¥E— ™M«Al¥t«E %

— H %+ » %0 ¥% E.Y. t«..insufaht¥ &Nich is usually short term,

«%o Yat¥ ol A™ « % AA

includes fourMain types of risks, namely physical damages
to property, operating losses, trade credit, and liabilities.
Pricing methods are mainly based on historical risk pa erns
and underwriting experience.

— Life and Health insurance includes life insurance as nan -
cial-savings products (excluded from this study) and pro -
tection products, which cover risks such as physical injuries,
disabilities, long-term care, medical expenses, critical illnesses
and death. For the protection business, pricing methods
rely on establishing accurate morbidity and mortality rates,

insurance coverage is based on a contract with a @ U %o ..- » % %o considering the current situation and its evolution given that

mium beforehand. To be insurable , a risk needs to be future,
unexpected, unintended and calculable.

Before underwriting a risk, the re/insurer needs to assess it to
understand the probability of its occurrence and estimate the
potential losses. The objective is to accurately price the premium
required from the policyholder in exchange for the risk-taking
services. This is a distinctive feature of the re/insurance industry,
ie.a %% O% %A% » ¥+ ... neahifgtke Briciey sad the
selling of the product take place before the re/insurer and the
policyholder know exactly what the claim and the payout will be.

In order to minimize the concentration of claims payouts, re/
insurers build their portfolio based on two complementary
strategies, % ™ AE£ ... ™ O %oi3%. A spréadinty of risk across
di erent areas and markets, and % ™ A £ » tthespredtling a
given risk over a large number of policyholders. In the end, the

most contracts are long-term by nature.

The collected premiums from the underwriting business fuel
the investing business of the ref/insurer. Collected premiums
are transferred to the investing activities of the re/insurance
company to generate nancial returns.

Re/insurance companies invest in a broad range of assets to
diversify their investments and to optimize their return on
risk-adjusted capital.

Examples of nancial assets in which re/insurers invest are:

— Cash;

Y% 8 ™« Al ¥t«€% *TA™M«%AA ™A tA% ... +« t£E]PFixeH Meore™shdis, Makigdvarmbaentiand corporate bonds;

t«... %™MAE »YT™MET™ ¢

Simply stated, re/insurers need to cover three types of costs,
claims payouts, operating expenses and shareholder remune -
ration (i.e. the cost of capital).

66 — Biodiversity and Re/insurance: An Ecosystem at Risk

— Equity;

— Speci ¢ products:

—+ Insurance-linked securities
— ¢ Infrastructure debt or equity;
— ¢ Real-estate debt or equity;
—« Private equity.

Et» MELY, t«...

One key performance indicator for the investing business is the
nancial return of the assets.

A reinsurer’s business operates in essentially the same manner
as an insurer’s, except that the policyholders of reinsurance
companies are insurance companies. Reinsurers help insurers
manage their risks by covering a share of their risks through
reinsurance contracts.

Reinsurers also rely on an active investing activity. Some rein -
surers also have specialty industry insurance for coverage of
large industrial risks and/or a retail insurance coverage arm. The
speci city of reinsurers compared to insurers is, among other
aspects, the information they deal with when taking the decision

to underwrite a certain portfolio. Reinsurers underwrite port -
folios of risks coming from insurers, therefore the reinsurance
underwriter typically does not have fully detailed information
on each risk, but historical data on the risk pro le of the port -
folio via exposure databases. In order to provide capacity to
insurers, reinsurers must be be er diversi ed in terms of sectors

A — t 3416 geag¥aphi Which is a key aspect of their business model.

In the environmental eld, reinsurers can play a unique role
in that they take a global perspective on risk dynamics. They
have acquired extensive knowledge on climate-change risks.

To ensure their solvency, re/insurers must hold a certain amount
of capital, based on the Solvency Capital Requirement (SCR)
which depends on the risks taken, in both the underwriting and
investment businesses.

The SCR is regulated. For example, in the European Union, the
Solvency Il Directive applies. It is designed to ensure re/insurers

This capital obviously comes at a cost for the re/insurer. And
the higher the required SCR for existing activities, the less the
re/insurer is able to accept new underwriting or risky invest -
ment positions with the same amount of capital. Thus, should
the general uncertainty grow in the coming years, the SCR will
increase accordingly, making the re/insurance business more
capital intensive, which should be particularly true for long-
term line of business.

In 2017, during the One Planet Summit in Paris, the CEO of
AXA declared that a world 4°C warmer would not be insurable
(AXA, 2017). Even though the equivalent of CO levels and cli-
mate-change scenarios do not exist for biodiversity loss, this
statement acknowledges the existence of underlying interactions
between environmental dynamics and the insurance industry.

This section looks atthe £% Y AE %o » A X —%0 %% %% 8 ™ « Al¥
o™+ ™ (et dnteBNVYiting and investing processes.

Because re/insurance is a service industry, it can be di cult

to understand how these companies and their activities are

correlated to environmental issues. T—% %% ™A t¥xtYA tE
t«% ™ «E % Ya2%0 ... ™MtIY %o E X %o %o« E—% Fa% 8™ «
This is why this section will a empt to shed light on the under -

lying interactions that materialize through ows of information,

nancing or risk assessment, among others.

From the rising risks depicted in Part 2 and the re/insurance
business model explained in the previous section, it is possible
to draw interactions.

will have the capacityto *[1¥ e ¥ E—% ™ % ¥ ™“tE ™ + BefiidIghthate/insthdthas no direct interaction with biodi -
am™ijap te... t.... ME™ + «t¥ se«t«€™tY¥ 3% O %o « | %YersityaBd thespotdntidl EdnEetiuneds of its loss, the customer

E+ €20 % %, i®¥ihtaddlosses are signi cantly higher than
expected. If an exceptional event such as a pandemic occurs,
re/insurers must hold su cient capital to face unexpectedly
high claims.

Ht¥™MEY —+¥ |

- Businesses
- Individuals

Figure 13

8+ + ¥ E—% Atf£% +' A™Many¥YM™MgmMEY E__%

™A MY %EEYY % U»tA%... , X—™MEg €+i¥... %% A
™« AT¥%t«€% € Thistndifect interaction with biodiversity

dynamics can be represented in the operations of the insurance

company, as pictured in Figure 13.

KM™MAE tAA%AA2% «E8a+ ... %o <«

Re/Insurer

<« A 1% %0
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on the activity of the policyholder, there can be several intermediaries between the policyholder and biodiversity (see Part I.Il. and

Part 2).
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Figure 13 shows that interactions between biodiversity and re/
insurers are divided into two major dynamics. The rst dyna -
mic is between biodiversity and the policyholder, the second
between the policyholder and the re/insurer. The rst dynamic

is described in Part 2. Individuals, Businesses, Financial Institu-
tions of this report.

As shown in Figure 13, there are three main flows for the
underwriting business, 1) risk assessment, modelling and pri-
cing; 2) premium collection and risk transfer; and 3) claims
payouts and repairs. Each of these ows exposes the re/insurer
to risks linked to biodiversity or to impacts. Of course, these
interactions with biodiversity are indirect and always rely on
the policyholder’s interaction with biodiversity in the rst place.

di erent types of risks, as seen in Part 2 of this report. Therefore,
the nature of these interactions depends on the intermediary, on
the policyholder, and di ers between the P&C and Life branches.

N.B. The following analysis expands on the risks presented in
Part 2 of this report.

Y% H¥%t»% %EY E tAIt¥EY (sde@arb2.TM arA [ %t « € %o
Individuals and Part 2.11l. on Businesses):

— Business operations can be a ected by physical risks, espe -
cially commodity risks, supply-chain risk and vulnerability risk,
as well as transition risks, for instance through modi cations
in regulations;

K™MAE tAA% AA2% « E, 2+ ... % ¥FII¥ stéplisckey to ¥ ™ €-IMRhysical damages to goods can be increased by vulnerability

understanding the nature of the risk arising from the exposure
of the policyholder. The insurance company should be able to
understand how biodiversity loss can be an aggravating source
of risk and the implications for the intensity, frequency and
concentration of those risks. Models are used to assess the
probability of occurrence of risks covered by the insurance
in order to grasp the insurers’ potential exposure. Therefore,
including biodiversity-loss inputs and the potential conse -
guences for the risk pro les of individuals and companies
enables re/insurers to be er understand the risk exposure and
impact of the policyholder. (This will be further developed in
section Il of this Part 3).

risks;
— Liabilities can increase due to regulatory risks.

For Life insurance (see Part 2.II. on Individuals and more par-
ticularly the Health examples):

— Disabilities, critical illnesses and premature death can be
a ected by increasing health issues due to biodiversity loss,
lack of access to resources, vulnerability to extreme events
and living areas becoming uninhabitable. They can also be
accentuated by indirect risks such as rising poverty or geo -
political tensions;

H¥%%2™[2 €E+x¥¥%€EE ™ £« t«Atlthis Btalj€ ofthet « A’ %o ¥

process, the insurance contract becomes e ective and the
policyholder transfers parts of its risks to the re/insurance
company. In doing so, the ref/insurer gives a “license to ope -
rate” to the policyholder, underpinning the policyholder’s
activity and its impact on biodiversity. (This will be further
developed in section Il of this Part 3).

¥t™MaA »tY+[EA t«..Thdgh tfdlRarice claims payouts,
the re/insurer may experience exposure to biodiversity-re -
lated damages or losses from the policyholder. On the other
hand, through their commitment to repair, depending on the
agreement, re/insurers can have a direct bene cial or harmful
impact on biodiversity: building back with be er environmental
standards and less impacts on biodiversity.

As noted above, the interactions between biodiversity and re/
insurers (in the underwriting business) almost always occur
through the customer, the policyholder. The policyholder faces

Financial
Assets

Figure 14
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— Physical injuries can be increased because of vulnerability
to extreme events.

Relinsurers are among the biggest institutional investors, inves -
ting across a wide range of nancial products including almost all
economic activities. Therefore, re/insurers’ investment business
is indirectly linked to biodiversity loss through the exposure to
biodiversity of the companies in which they are invested. The
risk exposure of nancial institutions to biodiversity loss has
been introduced in Part 2.1V. Financial Institutions and Part 2.V.
The economic system.

Thus, biodiversity can be represented in the investing processes
of re/insurers as pictured in Figure 14:

'« O % AE2% «E

Re/Insurer

Financial returns

bE X % %o« o™+ ..

™ O % ¥aA™E

As in Figure 13, the interaction of the investing business with
biodiversity is divided into two main dynamics. Figure 14 shows
a simpli ed framework with only one intermediary, i.e. nancial
assets. Financial assets represent the companies or projects
behind these financial assets which are supported through
investments.

There are three main ows included in the investing activity, risk
assessment, investment and nancial returns. By investing, the
investor puts itself in a risk exposure position and/or in a posi -
tion to have an impact on biodiversity. As for the underwriting
activities, the risk and impact position of the investor depends
on the interaction with biodiversity of the policyholders and
investees.

K™ AE tAA % Rhedsestar analyses the nancial product
to understand its risk exposure and the potential nancial
return. This step is the opportunity to understand the entity’s
interaction with biodiversity and its possible exposure and
vulnerability to biodiversity loss, which could impact the
nancial valuation. The exposure of the nancial assets could
undermine the expected nancial return for the re/insurer.
(This will be further developed in section Il. of this Part 3.)

'« O %o A E.2B6cthi& point, the investor has commi ed and
invested his funds in the nancial asset. In doing so, depen -
ding on the nancial asset, the investor underpins the deve -
lopment of the entity behind the nancial asset. Therefore,
the investor indirectly supports the activity and its related

impacts on biodiversity. The investor’s investment choices
could result in indirect responsibility for the impact of the
underlying companies. (This will be further developed in
section Ill. of this Part 3.)

Financial returns . Investors could experience biodiversity-re -
lated risk exposure and materialization if the nancial returns
are lower than expected. (This will be further developed in
section Il. of this Part 3.)
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This section looks atthe %o U» + Ai% % ' E—% %% 8 ™ «Al%t«€% sTA™«%AA Ex E—% %02% %" ™«* L™MALA ™« . 1€% ...
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1. INTRODUCTION TO RISKS

How to define a “ risk” for a re/insurance company? In the there is virtually no direct interaction between biodiversity
present report, we have de ned it as a threat which could and a re/insurance company, nevertheless, both underwriting
“%o « %o VatE %o B «t«€E™tY ¥+ AA %A "+% E— %o. ¥ % & indekstinyaitivities dedl withFe tstemidrs Yooliéykeolers and
As noted in Part 2.111., biodiversity-related risks for companies investees, that are themselves exposed to biodiversity risks (see
can be split into physical and transition risks. As seen in Part 3.1., Part 2.11. and Part 2.111.).

To illustrate biodiversity-related risks for re/insurers, the following conceptual framework (Figure 15) was developed with three
distinct risk categories.

oY o ™ + PafMiCotiltis AcPoR Wa¥ fodubed on. théd 83sAlyhAmic & NCP
disruption (Flow 1 in Figure 15). Part 2 presented “direct” physical
and transition risks (Flows 2 and 3) to individuals and businesses.

Underwriting and investing activities are exposed to biodiver -
sity-loss risks despite having close to zero direct interaction with
biodiversity. Rel/insurers su er from very few direct physical
risks (e.g. ooding of their buildings) (Flow 2 in Figure 15), which
are consequently excluded from this study . However, they are
exposed to transition risks (similar to “any other business”) (Flow 3)
and to transmi ed risks (which are speci c to their business)

could bu et the re/insurance industry, exposing re/insurers to
high nancial risks.

The materialization of transmi ed risks for re/insurers can consist
of all types of physical and transition risks arising from biodi -
versity loss impacting policyholders and then turn into negative
nancial consequences for the refinsurer.

A. UNDERWRITING

(Flow4). T—% »% %A% «E »t%E x ™YY '+ €1A @ %AB+ ¥ EM OB | ket WATMEAD Y, ™ A £

Va™AEA = ¥tx 1>, E—%o« X™¥Y¥ . %t¥ x™ME_—

Before entering into the complex mechanisms of underwriting
and investing activities, three preliminary risks related to bio -
diversity loss should be mentioned:

— the most critical risk is  being unaware of the biodiversity-loss
dynamics and its potential consequences;

E%Ut«A™ME™M+« %™MAEA = ¥£x (>

The underwriting business is at the core of any re/insurer’s
business, therefore the primary risk of nancial loss is the inca -
pacity to insure risks, i.e. [« ™ « A% t.elAs¥anifity of risks
corresponds tothe tOt™ ¥te«aNg MABE Y, ... t« Bf dutance
coverage for policyholders.

In 2005, Swiss Re published a paper to understand how climate
change would impact the insurability of risks. Taking their cri -

—asecondriskis Xt™ME ™ «" Ex «% 'I¥¥Y £about¥ % ..terd for sdrability and applying them to the biodiversity-loss

the interactions and underlying mechanisms of transmission
risk before taking it into account;

dynamics can help to understand how the industry could be
exposed to underwriting risks (Herweijer et al., 2009).

—andathirdriskis xtME™«* '+3% E—™A 3% ™AL E+ <Phefsethcritefdfola™ieo be insurable is as follows:

meaning waiting for the actual disruption of ecosystems,
before acting.

2. TRANSMITTED RISKS

What is the underlying connection between insurance and bio -
diversity? Compared to climate change and its consequences,
for which public awareness is growing, the biodiversity-loss
challenge is not as well understood and widespread within
the public and corporate spheres. The scienti c community is
continuously progressing in its a empt to understand the com -
plexity of ecological interactions. Modelling exercises are being
developed, and understanding pa erns of risk dissemination is
also part of a growing body of work, in terms of the intensity,
frequency and geographical concentration.

— The risk needs to be measurable;

— Loss occurrences need to be independent or re/insurers
need to understand and measure the correlation between
loss occurrences;

— The maximum loss needs to be manageable;

— The average loss needs to be moderate;

— The moral hazard needs to be low.

So, how does biodiversity loss a ect these criteria? (McKinsey,
2020; Herweijer et al., 2009)

— 7% tAl%te¥ %Toddte Aas discussed in the research
perspectives in Part 1.3, biodiversity loss is only partially
understood. The scienti c community lacks the necessary
databases, indicators and methods to be able to globally
grasp biodiversity dynamics across continents.

That being said, x —tE x% £«+x Ex..tY ™A 2+3%% E— indepdnlieéniVo%s o¢eurrence . Similar to climate change, the
"+Y E—% AE™M%«E™xE €£22[«™MEY E+ xt¥%« teichBsdfueteLdhdiodiviersityHogs are positively correlated
Y™MAM™Me B ™MALEA x3ampll &d By+ € M %k ™ BIA Vs E t ™anH afe expected to have systemic e ects across geographic

Businesses
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LIFE
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Figure 15
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about how it will happen . Therefore, the mechanism through
which biodiversity-related risks will spread into the complex
underwriting and investing processes of the insurance business
is uncertain. What is certain is that, given the interdependencies
between biodiversity and our societies and economies and the
interconnection between the insurance system and all economic

and economic sectors. They are called common or systemic
risks. Given the interconnection of ecological interactions,
the interdependencies with human societies and the inter -
connection of our global economy, biodiversity-related risks
do not fall under the Law of Large Numbers (Dasgupta, 2020).
Relinsurers are not able to diversify these risks across indi -

and nancial sectors, E—% %% 8 ™« Al¥%t«€% ™«.. . IAE¥%Y withidh ordompaki€sita.given geographic sector. Because

Even though the risk-transmission mechanism between the
disruption of ecological interactions and the highly sophisticated
underwriting and investing processes is complex, it is possible
to point out a few signi cant dynamics prevalent in the re/
insurance industry and due to biodiversity loss.

Assessing the risk pro le of policyholders is the cornerstone of

the insurance business (as seen in Part 3.1.). Emerging risks can

alter the risk pro le of individuals’ health, companies’ opera -
tions and the stability of nancial institutions (as seen in Part 2).
Consequently, the materialization of biodiversity-related risks

di erent stakeholders rely on the same natural resources
and ecosystem services, their disruption could cause the
aggregation of risks, thus creating interconnections between
previously independent risks.

— Manageable maximum loss . The interconnectedness of
natural systems increases the potential systemic impacts
of biodiversity loss. The non-linear evolution of biodiversity
loss can produce non-linear socioeconomic consequences
with potential knock-on e ects. These two factors increase
the uncertainty surrounding maximum loss. The re/insu -
rance industry has already experienced this phenomenon

8. This report does not analyse direct physical risks for re/insurers, even though depending on the location of o ces, the risk exposure to extreme events can result in

discontinuities of the insurance company’s business.
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for climate change and environmental risks can in turn cause
signi cant losses for human societies. To illustrate this trend,
the average, annual number of natural catastrophes in the
world between 1989 and 2018 was 520, compared to 820 for
2019 alone. Moreover, we know that natural catastrophes are
characterized by major, unpredictable single events leading
to unprecedented nancial losses. In 2020, global losses
from natural disasters amounted to USD 210 billion, including
record-breaking wild res in the United States, severe oods

in China and again a record-breaking number of over 30
storms during the hurricane season (Munich Re, 2021). The
consequences of biodiversity losses could be responsible
not only for single events, but also for entire market failures.

The very nature of biodiversity-related risks highlights  the limits
of standard insurance practices . Biodiversity-related risks
are common risks, di cult to measure and with high potential

knock-on effects that can vastly increase maximum losses
(see Part 2.1.). Consequently, the standard insurance practices
relying on diversi cation and pooling of risks are ine ective

and insurance companies would be unable to cover the losses

in a given geographic area. %o €tiA% =’ ¢™x ™M %A ™
Ya™MAELA €tc c%o€x2% %o ™ME—%o¥ [« ™«AlFte

customers (see Part 3. IV to learn how re/insurers innovate to
overcome this di culty).

The emerging biodiversity risk and threat of uninsurability can
translate into operational risks for re/insurance companies
through their value chain.

I+ >»% %tE™M« % ™MAEA

The pro tability of the underwriting business relies mainly on the
ability of the re/insurer to correctly price and pool the risks in
order to obtain an in ow of premiums higher than the out ow of
claims payouts. The main threat to the underwriting business is
to experience an unanticipated increase of frequency, intensity
and geographic concentration of claims. Three main types of
risks have been identi ed for the underwriting P&C and Life

business, namely 2+ xI» % ™ME™«* L ™MAELE, "«€E%% tA

"CEVa%ot A™M ¥ ™t ™MYTMEY 3, TMAL
— H¥%™ME™“ 3, ™MAEL

Risk pricing relies on the actuarial modelling of the frequency,
intensity and concentration of the occurrence of a given risk.
Accurate risk pricing is key to ensuring the equilibrium of the
combined ratio, thus the pro tability of the company.

Biodiversity loss is a driver of change in the risk pro le of indi -
viduals, assets and companies, increasing the potential risk fre -
guency, intensity and concentration depending on the exposure
of the policyholder. Re/insurers must include biodiversity-loss
data in actuarial modelling to re ect this change in risk pro les.

For Life insurance , risk assessment is based on a given mortality
rate, the evolution pa ern of health risks and a health check.
As seen in Part 2.11., biodiversity loss is an increasing factor in
health issues. The lack of diversity in diets can cause malnutrition
leading to health issues, diseases and premature deaths. It has
been established that air pollution is responsible for 3.3 million
premature deaths each year (IPBES, 2019¢e) and biodiversity
loss can increase the spread of vector borne diseases, such as
malaria or zika (IPBES, 2019e¢), with an increasing prevalence due
to climate change. Harmful impacts of biodiversity loss on human
health (demonstrated by scienti ¢ research, see Part 2.1l. on
Individuals and, more particularly, the Health examples) worsen
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the risk pro les of individuals in terms of their health insurance.
If not taken into account by Life insurers, risk assessments and
risk pricing might increasingly be underestimated, a ecting the
re/insurer’s pro tability.

The recent COVID-19 pandemic may have taken root due to
excessive anthropogenic land use and biodiversity loss (IPBES,
2020c). This is a clear demonstration of the detrimental impact
on individuals of biodiversity loss, showing that it can even
a ect the global economy and, consequently, the re/insurance
industry (see the Case Study on Biodiversity, Pandemics and
Relinsurance in Part 3.11.).

For H¥%2»% % EY € tAIt¥EiNligMtohthdriske Being
companies, the main detrimental impacts of biodiversity loss
are interruptions in business operations, operating losses
and infrastructure damages

ILLUSTRATIONS
= Agriculture

With the increase in land use, soil productivity is
declining, leading to a decrease in production quan
tity and quality. In parallel, the use of phytosanitary
products has a harmful e ect on the wild pollinators
on which some crops depend, again reducing the
productivity of agricultural land. In addition, the rise
of extreme events, due to reduced climate regulation
and the consequent disruption, can cause signi -
cant agricultural losses and infrastructure damages.
All the services provided by biodiversity on which
businesses rely are at risk of disruption and reduc -
tions in operating revenues.

» Real Estate

On coastlines, properties are already facing high risk
expcsure aue te ouds, strong storms and coastal
erosion. Biodiversity, including coral reefs and man -
groves, but also dunes and coastal wetlands, plays

a crucial role in coastal protection. The decrease

in biodiversity will increase the risk exposure of
properties in the neighboring areas. Disregarding how
biodiversity plays its role in climate regulation and
protection against hazards, and how its decrease will
a ect property risk pro les could seriously under -
mine the accuracy of risk assessments.

Taking climate change as an example, in 1992, Hurri
cane Andrew was the rst of a long series of highly
costly natural disasters in the U.S. Insurance claims
payouts amounted to USD 25 billion in 2011 and this
extreme event rendered nine insurers insolvent as a
result of a lack of forward-looking risk assessment,
i.e. with underwriting practices based solely on
historical claims pa erns. Climate change is already
teaching us to what extent environmental dynamics
are unprecedented (Herweijer et al., 2009; Insurance
information institute, 2012).

BOX 15
% ACTUARIAL MODELLING AND DEALING WITH UNCERTAINTY

Traditionally, the insurance industry uses historical records for actuarial modelling of future risks, relying on the principle of
statistical stationarity of risks (Herweijer et al., 2009). The advent of new climate pa erns with an increasing occurrence
of extreme weather events forced the re/insurance industry to adapt their modelling and underwriting approaches to
integrate this additional component of risk to property damages, among others. Forward-looking climate scenarios have
been developed and integrated into models to represent the change in pa erns of weather events. Catastrophe models
have existed for a long time and are developed by specialist companies, such as RMS or AIR, as well as other companies
focusing exclusively on speci c types of events, e.g. on oods, such as the Philippines Flood model by KatRisk, and a

US Hurricane model from Columbia University, both in the open-source catastrophe model, Oasis.

The emergence of awareness concerning biodiversity loss and the potential disruption of ecosystem services adds a new
layer of uncertainty to the re/insurance industry. There are three main factors of uncertainty (Muséum national d’Histoire

naturelle, 2020a):

— How climate change will evolve;
— How biodiversity will react to these evolutions;
— How human societies will react to these evolutions.

These three factors of uncertainty are multiplied by the sensitive dependence on initial conditions, i.e. the bu ery e ect,
meaning that a small change in the initial conditions can lead to a signi cant di erence in the resulting situation. As noted
in previous sections, the scienti c community is shi ing from a species to an ecosystem approach, focusing on ecological
interactions and their interdependencies. These phenomena are highly complex and evolve in parallel with biodiversity

changes and the harmful or bene cial anthropogenic impacts.

Unfortunately, to date, the scienti c and modelling community does not have the data and tools to model, forecast or to
assess the probability of such events. Similar to climate change, biodiversity loss shows signs of statistical non-stationary
trends and a non-linear increase in the frequency, intensity and concentration of risks may be expected. Therefore, the
re/insurance industry is facing a new challenge with increasing numbers of new types of risks that do not fall into the
classic framework of risk modelling, based on historical pa erns and underwriters’ experience.

The industry could rely on the further development of catastrophe models, however, as noted, the risks linked to
biodiversity loss are not only acute, they can have chronic e ects that cannot be modelled. To date, modelling the
materialization of biodiversity risks remains a challenge, due to the lack of data and a clear understanding of ecological
interactions (see Part 1.11l. on research perspectives). For the re/insurance industry, this means entering a new era of
increasing uncertainty. The intense interactions between humans and biodiversity, which have degraded populations,
species and ecosystem services in some places, are driving us out of the natural equilibrium in which re/insurers were able
to forecast risks. This new dynamic forces re/insurers to review their risk appetite and to anticipate potentially devastating
long-term risks. Today, is there any option other than limiting biodiversity loss in order to re-establish an ecological

equilibrium o ering a statistically stationary risk hypothesis?

Assigning an accurate price to biodiversity-related risks in order
to allocate the correct premiums to each policyholder raises
the question as to who should bear the price of this risk, the
policyholder or those responsible for biodiversity loss? This
question expands the analysis beyond the classic policyhol -
der - re/insurer duo in the context of an anthropogenic threat
with traceable responsibilities. One could imagine a taxation
mechanism where those responsible for biodiversity loss would
have to contribute. As we see today with the pandemic, in the
most extreme situations, governments take on the role of the
re/insurance industry to foster recovery and limit social and
economic disasters. In the run-up to a major environmental crisis
with unpredictable consequences, it is essential to question
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shareholders . How do re/insurers position themselves with res -
pect to actors and potential customers who drive environmental
changes or who are victims, but must still bear the costs? What
is the role of the re/insurance industry in a global environmental
crisis? The biodiversity issue questions the social role of private
actors, including ref/insurers, and how this role could increasingly
complement that of the public sector.

— ¥t™aA 3,™AE

— Insurance claims may rise from biodiversity-loss dynamics
acting as a compounding driver of the frequency, intensity
and concentration of existing risks. For a given risk, biodi -

versity lossmay leadtoa — ™ “— %0 % tO %o Yat“ %o «(28e% % %’
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geographic or sectoral concentration of claims . Refinsurers
could thus experience an imbalance in their combined ratio.

— The systemic e ects of biodiversity loss through the interde -
pendence of ecological interactions, human societies and
economies imperil the risk-pooling principle. The lack of

* %0 Yntlepende At édiefvden rish DEEtreneés would seriously
a ect the insurance business in terms of increasing claims.
According to a publication from the Natural Capital Finance
Alliance, biodiversity-related risk favors two types of potential
systemic risks (NCFA, PwC, 2018):

— 5K%“ ™=+ «t¥ €#«€ % «E LEERMMBough Sotaeedoh -
gical processes are global, such as climate regulation, the
majority are local, e.g. fresh water regulation or food and
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feed support. Therefore, the disruption of an ecosystem and
biodiversity loss would cause high risk in a given geographic
zone, intensifying risk concentration and threatening the
principle of risk pooling. For instance, water scarcity would
hit all economic sectors and individuals in the same region.

H¥%+€%AA €+ «€ % « E ¥RiddVetsity Io5s3edh deate
systemic risks on the global level, with the disruption of
ecosystem services which globally regulate environmental
processes. The disruption of these services would create an
increase in the global risk environment. This phenomenon
is best illustrated by climate-change impacts.
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— Liability risks take the form of an increase in claims under
liability policies due to harmful impacts on biodiversity. Liabi -
lity risks are separated from claim risks because they depend
on legislation rather than on actual biodiversity loss. Liability
risk arises from the exposure of policyholders to transition
risks. There are two major situations in which biodiversity
litigation can be initiated:

—« Liability claims against damage to biodiversity, e.g. demands
for restoration of a natural environment;
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— e« Liability claims against damages and losses to people or
businesses due to a harmful impact on biodiversity and eco -
systems, e.g. demanding compensation for natural disasters
due to deforestation.

— The exposure of re/insurers to an increase in liability claims
related to biodiversity depends on the type of liability policies
underwri en by the company, as well as the development
of a legal framework for biodiversity. This risk would prima -
rily a ect professional liability, environmental liability and
directors & o cers’ policies (i.e. liability insurance for the
consequences of decisions taken by company management).

— Such risks might face a sharp increase in the coming years
because the scienti c community is working on enhancing
our understanding of biodiversity and human interactions
to limit our harmful impacts. Rising awareness will expose
parties responsible for harmful impacts on biodiversity (see
Box 16). This trend can already be seen for climate change,
with a rise in climate-change litigation. For instance, the City
of New York sued ve major oil companies in January 2018
(New York Times, 2018). A rise in biodiversity litigation might
cause an unexpected increase in liability claims for re/insurers.

B. INVESTING

Through their investing activities, re/insurers manage their
premiums, create investment returns to grow their business
by increasing the company’s capacity to pay for future claims
and generate bene ts.

As noted in Part 3.1., re/insurance companies invest in a large
array of nancial products and the nancial returns of the invest -
ment portfolio depend on the type and the performance of the
underlying assets. The investment activities of re/insurance
companies are similar to other nancial institutions, therefore
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arms are similar as those described in Part 2. IV. Financial
Institutions .

The investment arm of a re/insurer can invest in debt or equity
linked to governments or corporates, but also to infrastructure
and real estate. Biodiversity-related transmi ed risks for the
investing activities comprise the physical and transition risks
that can impact the investees and consequently undermine
the nancial returns for the investor, in this case the ref/insurer.

The nancial valuation of these nancial products is subject to
volatility partly due to their exposure to physical or transition
environmental risks, which depend on their geographic location,
economic sector, dependencies and impacts on biodiversity.
The disruption of ecosystems, with the services and goods
they provide, will lead to greater volatility and uncertainty for
businesses (Part 2.1II. Businesses) and the nancial institutions
invested in them (Part 2.IV. Financial Institutions). The uncertainty
for businesses can lead to adverse nancial yields for nancial
institutions, through declines in stock prices, real-estate prices
and credit defaults, but also reputational damages and regula -
tory changes which could impact their nancial performance.

The investment activities of re/insurers are exposed to trans -
mi ed risks via the exposure of the underlying entities of the
nancial products they invest in. Both physical and transition
risks in uence the performance of nancial assets:

— Relinsurers face exposure to € % %o ... i & ek Bigh
level of investment in xed income, such as corporate and
government bonds or real-estate debt. The depletion of
natural assets can impact investees’ business operations and
pro tability (see Part 2. 111.), increasing their risk of default.
The same is true for real-estate, where cash ows can be
impacted by high exposure to natural catastrophes. This can
reduce the debt-servicing capacity and collateral valuation of
the nancial institution. Investees can also endure nancial
losses because of sanctions or new taxes related to environ -
mental regulations. The cost of capital can also increase due
to higher lending requirements. All these dynamics can result
in a decrease in the expected nancial yield for the refinsurer.

— Refinsurers also face exposure to 2t % £ %, E \whéh hinges
in natural stocks impact share prices. The disruption of eco -
systems can in uence macroeconomic factors of growth,
in ation and the overall stability of the impacted economic
sectors, leading to an adverse e ect on market prices and on

nancial returns. Market shi s can also occur due to actions

taken to reduce pressure on biodiversity, whether intentional

or regulated, with as a result the repricing of certain assets
and loss of investment opportunities.

For countries with high economic dependence on natural assets
and high exposure to biodiversity-related risks, the market price
of sovereign debt may be impacted. (Dasgupta, 2020).

— Through their investing activities, re/insurers can expose
themselves to A + ¥ O %o « € Burgp®aA f/insurers are regu-
lated by the Solvency Il European Directive and must hold a
certain amount of their own funds depending on the level of
risk of their investment portfolio and underwriting positions.
However, due to nancial devaluations and/or default of their
investees caused by ecosystem disruption and not anticipated
within the Solvency Capital Requirement, re/insurers could

t ¥expdtehdela lohgdten-déere@Se iB) dahdizt Yeturis that
reduce their future nancial ows.

— 2™ ™ | TBdEN avisBitfabriipt disruptions of ecosystems
services occur, requiring signi cant amounts of liquidity.
However, contrary to banks that can be faced with large
withdrawals signi cantly higher than their liquid assets, re/
insurance companies are not exposed to such imbalances
and invest essentially in liquid assets.

Mispricing of biodiversity-related risks is usually the cause of
this risk exposure. T—% ™« Et»t€™EY Ex » % ™€ %
te... M«E%“¥%tE% E—%2 ™M« E—% ¥%™AE
»+HE'+¥ ™M+ £t« A™M«™MxpEt«EYY ... MAE+%E
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For the nancial institution, this can lead to underestimated risk
exposure with credits and investments being allocated to high-
risk activities, and consequently underinvestment in low-risk
activities to ensure the long-term stability of nancial returns.
This is a problem of risk-e cient allocation. The unaccounted
biodiversity-related risks could accumulate within the nancial
institution that is failing its central purpose of managing risks
and exposing the company to di cult situations in case of a
lack of capital funds to ensure short-term liquidity and solvency
over the long term in extreme cases. On the regulatory level, the
mispricing of nature-related risks within nancial institutions
presents a serious threat to the stability of the nancial sys -
tem in case of disruption. If not reported as a risk exposure by
nancial institutions, nature-related risks cannot be accounted
for within the Solvency Capital Requirements (see Part 3.1.1. on
Solvency). To correctly assess the nature-related risk level of
an insurance company, it is essential to take into account both
the exposure and the vulnerability of the company (see Box 6).

Over the short term, transition risks will have a stronger impact
on asset values than physical risks. Transition-risk impacts on
nancial valuations will depend on the extent of the transition

in the real economy, meaning in the changes in demand and
pricing. Also, nancial valuations will uctuate depending on
the reaction of nancial markets to the transition or to envi -
ronmental regulatory measures. Furthermore, asset values can
be exposed to stranding risk (CRO Forum, 2019) which will be
discussed in next section on transition risks.

Over the long term, physical risk will increasingly impact nancial
valuations if physical damages and disruption to business models
spreads across the economy (see Part 2V. The economic system).

By a ecting the value of nancial assets, biodiversity risk may
cause disruption to nancial markets impacting reserve deci -
sions, underwriting capacity and ultimately the solvency of
the ref/insurance company (lAIS, 2018) (see Part 2.1V. Financial
institutions).

< tE T % %o
A% t AT ¥
E—% ¥%

Biodiversity and Re/insurance: An Ecosystem at Risk— 75



3. TRANSITION RISKS A refinsurer can assess the extent to which it is exposed to
reputational risks by looking at the environmental controver -

Biodiversity loss creates physical risks (i.e. those associated sies confronting the entities it invests in or provides coverage

with changes in natural stocks and ows), which translate into to (DNB, 2020). Indicators exist to evaluate such risk. For ins -
operational risks for businesses and re/insurers. But, as the tance, MSCI tracks and assesses the severity of what it calls ESG
loss dynamic worsens, awareness rises and, as society changes * « E % + O %oshdke™a Bohroversy is de ned as “ an instance

accordingly, all economic players, not least the re/insurance

or ongoing situation in which company operations and/or pro

industry, are exposed to what could be deemed E %t«A™E ™ + « @ué¥s/afieedly have a negative environmental, social, and/or

(i.e. those associated with societal response to the changes in
natural stocks and ows).

Transition risks are progressively appearing and increasing
because, on the one hand, the biodiversity crisis per se is worse -
ning, and on the other, human actions are increasingly aimed at
mitigating or adapting to that evolving context. These transition
risks might actually materialize faster than physical risks, given
that they are caused by a willingness to mitigate and adapt
before the emergence of physical risks.

As mentioned above, interdependencies between biodiversity
and human activities are in nitely intricate and the links between
biodiversity-related risks and business risks have undergone

governance impact ” (MSCI, 2020).

B. MARKET RISKS

Evolving conditions on a market may generate risks for market
players if they do not adapt. This is what we refer to here as
market risks.

In addition to the transmi ed risks it may create through inade
quate pricing (as seen in the previous section on Transmi ed
risks), escalating biodiversity loss may also directly impact the
re/insurance market via changes in the number and pro le of
people or entities to be covered, the nature of risks to be consi

O™YETt¥YY «x % ?2» ™ ¥ ™ghetheYinEiadcadBimic Y %o iered and their insurability (Herweijer et al., 2009).

literature or by institutional or private studies. As was the case
for the previous section, the following approach will consist
essentially of a theoretical, non-exhaustive a empt at pointing

out the obvious. It will present z % A E | E ™, %i6h vaustAdtA

In a changing consumer environment, re/insurers may also face
the risk of an inadequate product o ering. Rising public awar
eness of biodiversity challenges will not only impact business

hide the fact that €tA€t... ™M«“ t«... ’%o %o ...are€&d bo A % &2RUAations, it will also lead to transformations in the needs of

expected due to both impact and dependence relationships
between biodiversity and human activities.

As seen in Part 2.111. for businesses in general, we will explore
four types of risks that re/insurers could face and that could
fall under the transition-risks category, namely reputation

individuals and companies.

For the refinsurance industry, this could mean increasing demand
for environmental insurance. The risks faced by a non-adap
ting re/insurer include a product o ering no longer in line with
policyholders’ needs and expectations, resulting in market

L™MALEA. AtYUE%RE L™MALEA. %% "I Yaktlraudt <€ ™ t ¥itkadeduaky™nl £lfent loss in the long run.
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A. REPUTATION RISKS

As has been the case for climate concerns over the past few
years, one can assume public attention will increasingly be
drawn to worsening biodiversity issues in the near future and
even more so since the COVID-19 outbreak, which has given
rise to greater public interest in correlations between the status
of biodiversity and health challenges (see the Case Study on
Biodiversity, Pandemics and Re/insurance in Part 3.11.).

Businesses operating in biodiversity hotspots or engaging in
activities detrimental to biodiversity, whether “spectacularly”
(e.g. the impacts of the palm-oil industry on orang-outan habitats
and survival) or “quietly” (e.g. the impacts of neonicotinoid use by
the agricultural industry on bees), can su er major reputational
setbacks adversely a ecting them in the long run.

These reputational di culties can have knock-on e ects on the
whole value chain, including nancial institutions. The re/insu -
rance industry’s business is to ensure that the activities of other
agents can be carried out with limited risk. It may be said that
re/insurers provide other businesses with “licenses to operate”.

Financing or re/insuring controversial activities is a serious risk
that the nancial sector is already dealing with. The transition
to a society much more aware of biodiversity challenges will
add to those existing and understood risks.
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For the investment arm, the market shift in consumer pre
ferences and the transformation of the industry to address
biodiversity-loss issues could lead to asset repricing impacting
the expected nancial returns of re/insurers’ portfolio. This shi
could also represent a loss of investment opportunities due to
the integration of stronger environmental criteria.

C. REGULATORY AND LITIGATION RISKS

Not only the consumer environment, but the regulatory and
legal environments may be transformed as well.

Economic agents not integrating this evolving context in their
playbook obviously risk falling behind and facing costly lawsuits
in the future. As noted in the previous part on transmi ed risks,
re/insurers having invested in or covering businesses that do
not comply with this evolving landscape will be a ected by
cascading e ects. For instance, the possible expansion of pro
tected areas worldwide will have direct impacts on businesses
engaged in activities on these sites, which will in turn a ect
their investors and the value chain of insurers, and this example
is just one possible channel.

But the re/insurance industry itself is directly subject to evolving
regulations. It will increasingly be pressured to provide adequate
responses to a changing environment (McKinsey & Company,
2020), pressures stemming from society as a whole. On all policy
levels, biodiversity is a growing ma er of concern (see Box 17).
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Increased regulation will not only put pressure on the ref/insu -
rance industry from an impact perspective (i.e. to mitigate
its impacts on biodiversity loss). It will also most probably be
increasingly directed toward the “dependencies” side, pushing
re/insurers to adapt and develop responses to the “threat of
rising uninsurability” (Herweijer et al., 2009) which jeopardizes
their current business model.

Litigation risks in the form of lawsuits of entities seeking to
recover unlawful environmental losses from a third-party are
bound to increase in parallel with the disclosure of environ -
mental-impact assessments and the development of regulatory
frameworks. Re/insurance companies are not directly targeted
by these litigation risks for now (Dasgupta, 2020), because the
causal chain from an environmental degradation up to the re/
insurer is not yet established. But the responsibility of re/insurers
could be engaged in future environmental litigation.

Engaging with policy-makers and maintaining good relationships
with public authorities (Herweijer et al., 2009) is essential for the
re/insurance industry if it is to play a key role in a rapidly-chan -
ging world and mitigate the concrete regulatory risks that can
arise.

D. FINANCIAL RISKS

In addition to transmi ed nancial risks stemming from the fact
that the re/insurance industry insures and nances companies
that are (increasingly) at risk from reductions in ecosystem ser -
vices, refinsurers face di erent types of nancial transition risks.
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Rel/insurance companies can insure and nance activities that
have detrimental impacts on biodiversity (see Part 3.11l. on
Impacts). It follows that these businesses can participate in
and even accelerate the very process of biodiversity loss and
reductions in ecosystem services through which they are exposed
to risks in the rst place.

Engaging in activities that have negative impacts on ecosystems
destabilizes business conditions and aggravates the risk envi -
ronment. In the face of increased frequency of severe events
due to biodiversity loss (and climate change), it is necessary to
envision worsening nancial risks for the whole value chain, up
to and including the re/insurers.

—2™ipi™  MEY 3% ™AELA

According to the European Central Bank (ECB), “ liquidity risk
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to meet cash needs either under current conditions or in stress
scenarios. (...) Insurers can be confronted with both asset and
liability liquidity risks. " (ECB, 2009).
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Aforementioned operational, reputational, nancial and other
risks borne by re/insurers in a biodiversity-loss context may lead
to short-term cash shortfalls. In view of potential (macroecono -
mic and nancial) systemic risks posed by the biodiversity-loss
situation (see Part 2.IV. on Financial Institutions and Part 2.V.
on The economic system), such risks may also cause increasing
di culties for nancial institutions (including re/insurers) to
obtain re nancing. However, as mentioned in Part 3.11.2.b, it
should be noted that re/insurers are infrequently exposed to
liquidity risks.

— 0+¥0%«EY %L™AEA

Re/insurance companies face solvency risks due to transmi ed
risks, but they can also be exposed to solvency risks due to the
societal response to changes in ecosystems. In the European
Union, solvency is regulated by the Solvency Il Directive to
ensure a minimum amount of capital depending on the investing
and underwriting positions and their associated level of risk.
Mispricing of nature-related risks can distort the results. Re/
insurers could therefore be overexposed to nature-related risks
and lack capital funds in case of changes in ecosystem services
and the associated societal responses. Moreover, if correctly
priced, it could appear that re/insurers are already overexposed
to biodiversity-related risks, meaning they would either need
a higher amount of SCR or they would need to reduce their
exposure to underwriting and/or investing positions, losing
some pro t potential.

It should be noted however that, as the growth of the insurance
business also depends on risk aversion, if uncertainty increases
the demand for protection increases as well. That being said,
this increase in demand could be partly or more than o set by
price increases. The resulting impact on the re/insuring business
and, in the end, its solvency, is therefore unclear (see also Box
19 on The insurer’s dilemma).

— OE%t«...% ... ItAA%E %™AEA
In an evolving environmental, public-opinion and regulatory

context, as asset owners, re/insurers will increasingly detain
stranded assets , which “ can no longer be developed, might face
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liabilities ” (WEF, 2020b) (see Box 18).

This increasing AE %t « ... %o ... | t Ads %brEady iftledsed with
climate change, especially in the energy and fossil-fuel sector.
Stranded assets can arise from changing resource landscapes,
environmental challenges, new government regulations, litiga -
tion or evolving social norms. The threat can therefore emerge
from both changes in ecosystems and their societal response.
Stidhokd d SsetSaAiatly cBsreBpentl td 3¢ tsvhieh go against
the current transition. For instance, in the ght against climate
change, a number of coal plants have become stranded assets
(CRO Forum, 2019). In the last few years, some assets became
stranded because of a high exposure to environmental risks.
For instance, in July 2020, Total announced USD 8 billion of
asset impairments to remain in line with its climate ambitions
(Total, 2020).
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CASE STUDY

EXEMPLIFYING THE CHAIN REACTION FROM BIODIVERSITY LOSS TO MATERIALIZED
RISKS FOR RE/INSURERS: THE CASE OF PANDEMICS

It may be painfully obvious to say so, but the COVID-19 out -
break has undeniably questioned our life habits and shaken
our beliefs. Wildlife, especially bats and possibly pangolins or
other carnivorans, hit the headlines for potentially being the
source of a crisis of global magnitude. This brought to light
the vulnerability of our societies to the hazards of the natural
world we live in. This realization came as a surprise for many
in developed countries, because a false sense of protection
had spread with the feeling that we humans had developed
su ciently advanced organizations and technologies to shelter
us from such natural menaces.

A er the surprise came practical questions. How should we deal
with this unprecedented sanitary episode that has turned into

a global economic and social crisis? What role and responsibi -
lities should everyone accept? Because of its very theoretical
mission to mitigate and transfer risks within societies, the re/
insurance industry has been caught in the turmoil and blamed
for its inaction in view of its presumed mandate.

This case study will a empt, rst, to shed light on the scienti ¢
knowledge that supports the existence of a concrete correlation
between biodiversity loss and pandemic outbreaks, then to
explain to what extent the re/insurance industry can be a ected
by a pandemic episode (using the COVID-19 experience with the
empirical lessons learnt). This will lead to a discussion on how to
make the needs of biodiversity and the re/insurance industry’s
concerns converge into building more resilient societies.

Approximately 70% of the epidemics that emerged during the
last half century had zoonotic origins (IPBES, 2020c):

‘ ‘ A zoonosis is an infectious disease
that has jumped from a non-human
animal to humans. Zoonotic pathogens
may be bacterial, viral or parasitic, or may
involve unconventional agents and can
spread to humans through direct contact
or through food, water
or the environment. , ’
(WHO, 2020)

Well-known examples of such diseases are the Ebola, Zika and

Nipah viruses, HIVAIDS or the avian and swine in uenzas, SRAS
and MERS that are also caused by coronaviruses. COVID-19 could

possibly be added to this list. Zoonoses compel us to understand
health not only from an anthropogenic perspective but from
that of an ecosystem of living beings. That is the basis of the
One Health approach.

‘ ‘ One Health is a collaborative,
multisectoral, and trans-disciplinary
approach - working at local, regional,
national, and global levels - to achieve
optimal health and well-being outcomes
recognizing the interconnections between
people, animals, plants and their
shared environment. ’ ’

Important notice + E E—% E™2a% E—™A €tA% AE[...Y ™A «% ™ (Heaktdothhiskion, 2020)

information on the origin of the COVID-19 outbreak is still insuf -
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with certainty. The WHO is currently pursuing the investigation.

of zoonoses and potential pandemics?
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of illustration.

1.FROM BIODIVERSITY LOSS TO
PANDEMICS

A. HOW IS BIODIVERSITY LOSS A DRIVER
OF DISEASE OUTBREAKS?

In its latest workshop report, the IPBES warned that we are
entering an era of more frequent and virulent pandemics cor -
related to the loss of biodiversity.

In the last 50 years, there has been evidence of an increase in
epidemics throughout the world (Fondation pour la Recherche
sur la Biodiversité, 2020). According to scienti ¢ estimates,
there could be 1.7 million undiscovered viruses, more than 45%
of which being potentially harmful to humans (IPBES, 2020c). On
average, two to three pathogens emerge every year (Fondation
pour la Recherche sur la Biodiversité, 2020).
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determined by the con uence of three main factors (Fondation
pour la Recherche sur la Biodiversité, 2020):

— Danger: the presence of microorganisms, host species and
vectors;

— Exposure: behavior or activities that favor interactions
between local communities, livestock and wildlife;

— b ¥ «% ¥ty termdof both immune system resilience
(genetic heritage, physiological factors and the microbiota)
and socio-economic factors (poverty, access to medical
services, diets, etc.).

The ecological interactions within ecosystems enable the
regulation of pathogens. In disease ecology, this concept is
called the “dilution e ect” (Schmidt et al., 2001). It was rst
explored by Schmidt and Ost eld in 2001 and suggests that, in a
given ecosystem, the more abundant and diverse the pathogen
hosts and non-hosts are, the lower the prevalence will be.

Therefore, a high level of speci c and genetic biodiversity is
considered a safeguard against the emergence and spreading
of pathogens (Fondation pour la Recherche sur la Biodiversité,
2020).

However, the dilution e ect is still disputed by some scien -
tists. And the mechanism of zoonotic emergence can also be
explained simply by environmental destruction which increases
the interactions and interfaces between wildlife and humans
in pathogen hotspots.

The degradation of an ecosystem in all its aspects (e.g. in terms
of species loss or decreases in genetic diversity) is a driver of
zoonotic-disease emergence via several dynamics (Fondation
pour la Recherche sur la Biodiversité, 2020):

— Ecological factors : destruction and fragmentation of natural
habitats, food-chain disruptions, pollution, stress, etc.;

— Epidemiological factors : how the fragmentation and reor -
ganization of populations in uence the dilution or spreading
of pathogens;

— .. t»E™ O % :lidEhekaioral changes increase inte -
ractions between wildlife and human populations. When
habitats are destroyed or food resources become scarce,
wildlife migrates toward cities leading to synanthropism (when
a species bene ts from living close to cities, for instance
pigeons and rats). For example, deforestation and human-in -
duced forest res lead bats to migrate to human structures
and especially pork farms, resulting in the outbreak of the
Nipah virus in 1998-1999. The same process is involved with
the dengue virus travelling via human structure.

— O+¥IE™+ «t¥%Yfortiuman® @&nd most other living
beings, pathogens are a driver of selection and evolution of
our immune system. The response and shaping of our immune
system in the interaction with pathogens is called a coevo -
lution process. There is evidence of a correlation between
the virulence of a pathogen outbreak and the phylogenetic
distance between humans and the pathogen-host. Therefore,
the shi from one host to another can disrupt the co-evolution
relations between host and pathogen, leading to the severe
outbreak of the disease.

These four dynamics are driven by human activities (Fondation
pour la Recherche sur la Biodiversité, 2020):

— Deforestation reduces natural habitats, increases human
presence in forests and the interfaces between humans and
wildlife, thus increasing potential interactions ( exposure).
Deforestation also disrupts food chains, especially by impac -
ting predators, enabling other species, i.e. potential hosts, to
proliferate ( danger). The correlation between deforestation
and the outbreak of zoonoses has been proven.

— The hunting, consumption and trading of bushmeat
increases the interaction with wildlife and has been identi ed
in several cases as the origin of the emergence of pathogens
such as HIV, Ebola and SRAS. The trade of bushmeat in urban
markets and the expansion to national and international
markets is driving the risk of transmission ( exposure).

— Y %< t« ™ A biSéavers the emergence and spreading of
pathogens given high population densities and a favorable
environment for the development of rodents and insect popu -

lations in cities. Urban spreading also reduces the interface
between human populations and wildlife, and consequently
the risk of interactions ( exposure).

— "«E% «A™ O % ¥™ O %hAfaiss beeh PrdvEnctd be a
source of pathogens, e.g. the avian u and Nipah virus. The
proximity between livestock and wildlife, the high density
of livestock in contact with human populations, the loss of
genetic diversity and the stress generated by the living condi -
tions are factors favoring the emergence and transmission
of pathogens (danger, exposure).

—Climate change , by altering the natural environment,
in uences species’ behavior, activity and distribution, thus
potentially impacting the emergence and spreading of
pathogens (danger, exposure).

— Climate change also drives the thawing of permafrost , a
thousand to millions year-old ice layer containing bacteria
and viruses, i.e. potential pathogens for wildlife, livestock
and humans (danger).

Because of a lack of studies focusing on local and precisely geo -
located data, it is still quite hard to establish the precise point of
emergence of pathogens and the speci ¢ causal chains from an
existing pathogen to its transmission to humans. More research
will be needed to go beyond the correlation identi ed to date.

B. CAN BIODIVERSITY BE A VICTIM
OF PANDEMICS?

Pandemics and the measures implemented to mitigate and
regulate them can themselves directly and indirectly threaten
e™+ | ™MO%VA™EY

First, poor control of a pandemic can lead to the prompt, world -
wide spreading of the pathogen, due to human ows and inter -
connections in a globalized era. This widespread dissemination
can lead to the transmission of pathogens to wildlife “outside
the pathogen initial host range” (IPBES, 2020c). For instance,
the H1N1 virus spread from humans to both domestic animals
and wildlife (IPBES, 2020c).

Moreover, the post-response measures implemented to control
the spreading of diseases have, in some historical cases, had
detrimental e ects on biodiversity. Some measures included
wildlife mass killings, e.g. in the 1950s in Africa to stop the spread
of the sleeping sickness, or use of chemicals, e.g. to control
malaria, with serious detrimental impacts on aquatic ecosystems.
Identi cation of the primary host species can lead to eradica -
tion a empts, e.g., bats in Uganda to control the Marburg virus,
an a empt which unfortunately led to increased transmission
due to the migration of the targeted animals (Fondation pour
la Recherche sur la Biodiversité, 2020).

Indirectly, when governments have imposed lockdowns redu -
cing some anthropogenic environmental impacts, such as oil
consumption, these positive e ects are only temporary. The

a empt to make up for lost time in economic terms could lead

to recovery policies neglecting environmental imperatives,
reversing positive progress made to date. Moreover, many bene -
cial activities for biodiversity conservation have also been
suspended during lockdowns, including revenue streams from
ecotourism to nance conservation e orts, paving the way for

an increase in th-e illegal exploitation of natural resources and
poaching (IPBES, 2020c).
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C. WHY IS BIODIVERSITY ESSENTIAL WHEN
FIGHTING A PANDEMIC?

Biodiversity is a key factor when ghting or preventing a pande -
mic, and not solely through the previously mentioned “dilution

e ect” which states that the richer the biodiversity (in terms

of species and genes), the less chance a virulent, infectious
disease has of outbreaking (Fondation pour la Recherche sur
la Biodiversité, 2020).

Biodiversity is a reservoir of pathogens, but the genetic diversity
of species also holds the key to the development of therapeutic
resources against these pathogens. Therefore, the ght against
emerging pandemics relies, in part, on the access and “the use
of genetic sequence data from biological materials” (IPBES,
2020c), which is regulated by the Nagoya Protocol and will be a
hot topic of the COP15 of the Convention on Biological Diversity
(CBD) (IPBES, 2020c).

A thriving biodiversity is the rst nature-based preventive and
curative resource when dealing with pathogens.

Even though the origins of the COVID-19 outbreak are still uncer -
tain, this pandemic pointed out anthropic negative externalities
for the natural environment and their greater-than-previously-
thought consequences. This sanitary crisis is taking us back to
the very nature of the human condition as a member of a bigger,
complex and interdependent web of living beings, which we
call biodiversity.

2. PANDEMICS AND THE RE/INSURANCE
INDUSTRY

In April 2020, when the consequences of the COVID-19 outbreak
were only just starting to be felt, Lloyd’s of London’s DG, John
Neal, and SCOR'’s Chairman & CEO, Denis Kessler, respectively
claimed that “ the coronavirus pandemic [was] likely to be the
most expensive event in history for the insurance industry ”
(Financial Times, 2020) and that “ the pandemic [was] an event
of historic proportions for risk professionals " (SCOR, 2020c).
The question arises as to how re/insurers are exposed to pan -
demics and, in the speci c case of COVID-19, to what extent
and through what channels exactly has the industry been hit
so far? Will this shock a ect the way re/insurers do business
in the future?

A. IN THEORY, IN WHAT WAYS ARE RE/INSURERS
EXPOSED TO PANDEMICS?

Pandemics are by nature rare but severe shock risks (SCOR,
2020c). As “known unknowns”, they represent one of the most
destabilizing and threatening risks for societies and, by exten -
sion, for the entities that are designed to ensure risk mitigation
within them, i.e. re/insurers.

Pandemic shocks are characterized by their unbounded time
and geographic scope. They are “ the very essence of a serial
risk that unfolds like an avalanche: the global shock fragments
and refragments into billions of microshocks " (SCOR, 2020c).
Their speci city also lies in both the exogenous and endogenous
nature of the risk propagation factors. The progression of the
disease depends on both individual behavior and collective
choices (i.e. policies and regulations) (SCOR, 2020c).
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Such shocks will immediately and directly expose and a ect
re/insurers via each of their business lines.

— Life and health insurance

By its very nature, a pandemic will primarily engender health
shocks and translate into a one-time signi cant deviation of
mortality and morbidity (VoxEU, 2020; Institut des actuaires,
2018). The impact of a pandemic on re/insurers will largely
depend on their portfolio.

Concerning life insurance, ref/insurers provide both mortality and
longevity insurance policies. Depending on the balance of each
product in the ref/insurer’s portfolio, the risk of higher claims
induced by a higher mortality rate can be o set by decreasing
future payments of longevity bene ts (VoxEU, 2020).

Concerning health insurance, which includes bene ts related to
sickness, disability, invalidity and all related costs, the impacts
of a pandemic will very much depend on the consequences of
the iliness itself. However, in case of a high mortality rate, the
e ect on the health insurance business should be smaller than
that on life insurance. Re/insurers will possibly face increasing
claims for basic, health-insurance coverage related to increasing
doctor visits, hospitalizations and treatments.

The risk of pandemics is not new to life re/insurers, it has already
been assessed and modelled by actuaries. Even though consi -
dered a shock, pandemic risks are fully integrated in re/insurers
prevention strategy, especially in the E.U., in compliance with
the Solvency Capital Requirements of the Solvency Il framework.
The Solvency Il framework was implemented in 2009 to reduce
the risk of insolvency of re/insurance companies (European
Commission, 2015).

The immediate consequences of the shock for the health-insu -
rance business are known with a higher frequency of claims as
well as higher medical spending. However, there is still a wide
range of uncertainty regarding the long-term consequences on
health and potentially on psychological health.

— Non-life insurance

A pandemic being related to health by definition, it should
theoretically not a ect non-life insurance. One could think the
Property & Casualty (P&C) line of business would be sheltered
from such a shock.

However, a pandemic does not have health fallouts alone. It
a ects the economy as a whole via human reactions to the
situation and the sanitary restrictions put in place to limit the
spreading. It follows that pandemics generate higher, unexpected
claims linked, for instance, to non-damage business interruption
or event and travel cancellations (The European Actuary, 2020).

In addition to these extra claims and given that many insurance
policies adjust to conjunctural factors such as a policyholder’s
annual turnover, insurers might also have to reimburse a part of
the premiums received to their clients if the economic downturn
is extreme (Les Echos, 2020b).

— Investing

As seen above, a pandemic shock is characterized by the fact
that it “ fragments and refragments into billions of microshocks
(SCOR, 2020c). The ref/insurance industry could su er few rst-
tier consequences, particularly considering the fact that insured
and reinsured populations are very di erent from (and hence not
representative of) the whole population (Les Echos, 2020a). But
the cascading e ects of such a shock would generate immense
indirect consequences on economies, nancial systems and the
business environment, which would obviously a ect re/insurers
in both their underwriting and investing activities.

Over the medium to long term, the re/insurance industry’s
operations and business would su er at least from:

¢ The fallout of the economic downturn :

e The "t¥¥+[E +' a «t«E€ Bin¥heifornt & £higher credit
spreads, potentially widespread downgrades, lower interest
rates, and lower equity prices” (VoxEU, 2020), which would
a ect investors’ nancial performance and reduce their risk
propensity, having feedback e ects on nancial stability and
global economic health;
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from the large volume of unexpected claims;

» Operational challenges , notably stemming from the large
volume of unexpected claims, but also from disruptions in
business operations that are a direct consequence of the
disease outbreak (e.g. absent employees);

» A reputation downgrade , if the industry’s reaction is consi -
dered inadequate or insu cient by the general opinion;

251 million in terms of life reinsurance (Le Figaro, 2020b).
But, as mentioned earlier, given that the insured and reinsured
populations are quite di erent from the population as a whole,

it would appear that the direct consequences on morbidity and
mortality of the said insured population have so far been quite
limited. For now, the sanitary crisis has had more impact on
invalidity than on mortality (L'argus de I'assurance, 2020a). It
has nonetheless had a perceptible impact on the life-insurance
market itself, as 2020 marked the worst year for life-insurance
in ows since the 1990s (La Tribune, 2021a).

Surprisingly, it is the Property & Casualty (P&C) branches that
concentrate most of the risks. In the - estimates mentioned

above, SCOR also disclosed that the COVID-19 pandemic had cost
these business lines EUR 256 million in 2020 (Le Figaro, 2020b).

This is due to the fact that the pandemic led to lockdown situa -
tions, which caused business disruptions in virtually all economic
sectors. In May 2020, i.e. when the economic fallout of the
pandemic had only just started to be measured, the French
Insurance Federation estimated that the rst lockdown in France
caused operating losses of EUR 60 billion, which equates to 110
years of premiums (Les Echos, 2020d).

A signi cant debate arose regarding the extent to which re/
if@ukers were to cover the nancial consequences of business
interruptions, a debate that would entail con icts concerning
the interpretation of contractual clauses. Parts of business
insurance contracts in Europe do not explicitly exclude losses
due to pandemics (The European Actuary, 2020), but insurers
have claimed that, a pandemic being a systemic risk (hence
a ecting virtually everyone, everywhere at the same time), its
fallout exceeds the scope of insurability. The Geneva Association
estimated that only 1% of the global GDP damage for 2020 would
be covered (Allianz, 2020). But the debate is just starting as
legal proceedings have been launched by businesses that have

c OE¥%™EE% Y% %% “I¥tE+£%Y %% AE¥% ™ €E ™ + «A been forced to interrupt their activities and claim they should

B. PRACTICALLY SPEAKING, HOW HAS THE
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INDUSTRY SO FAR?

The COVID-19 pandemic has shown that the re/insurance industry
could be hit much harder than previously thought. Mid-2020,
Swiss Re disclosed a USD 1.1 billion loss for the rst semester
(due to a USD 2.5 billion provision for risks and charges linked
to COVID-19) (L'AGEFI Quotidien, 2020), a net loss that was
scaled down to USD 691 million at the end of the third quarter.
The total cost (including provisions) of the pandemic for the
group in 2020 nonetheless swelled to USD 3 billion (Le Figaro,
2020a). At the end of 2020, the AXA group also estimated
that the COVID-19 had cost them EUR 1.5 billion in 2020 (Les
Echos, 2020c).

Not only was the industry more impacted than previously
thought, but the channels through which it was hit the most
were not the ones previously imagined.

As mentioned above, a pandemic being by de nition a disease
outbreak, the Life and Health branches were expected to
be mostly a ected. And they were impacted. By November

2020, SCOR estimated that the pandemic had cost them EUR

be compensated for their loss.

A step further up the chain, reinsurers face the same kind of
dilemma, with their own clients turning to them for compensa -
tion. But pandemic reinsurance treaties for instance have so far
not been activated. They cover increased mortality risks with
“stop-loss” insurance that is activated only when the number
of supplementary deaths surpasses certain thresholds that
have not been reached in the COVID-19 case, in part (yet again)
due to the fact that the re/insured population is very di erent
from the one that has su ered most COVID-19 deaths (L'argus
de l'assurance, 2020a).

Relinsurers could be sentenced to pay in speci c cases; but
the nancial impact will most probably not reach levels that
would endanger the insurance system via violations of pruden -
tial and solvency principles. The greatest loss will probably be
the damage their reputation is su ering in the general public.
That being said, this crisis will bring about short- and long-term
responses from the industry, which will be dealt with in the
following part.
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C. WHAT ARE THE RE/INSURERS’ EXPECTED

This pandemic also questions the value and pertinence of insu -

O%>KTM 8 2>8!'MT K7 K OH>80 O T>rahdas we know it today. If re/insurers are not capable of
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As much as any other business in the service industry, re/insu -
rance companies will have to rethink how their operations are
organized in a post-COVID-19 world (see KPMG, 2020). But the
re/insurance industry also faces speci c challenges, because
short- and long-term responses to the COVID-19 situation are
expected from them.

Over the short term, re/insurers’ response will focus on increased
risk aversion, more cautious behavior and more precautions
taken in decision-making processes. Most of them are already
renegotiating contracts and changing contractual clauses to
explicitly exclude pandemics from future coverage (Les Echos,
2020e; Les Echos, 2020f).

In the medium to long run, re/insurers will have to be er inte -
grate pandemic risks in the models they use. COVID-19 hit the
entire re/insurance chain, i.e. every player and every business
line. However, as noted above, some have been impacted more
than others and this is in part due to the fact that the P&C lines
have been “taken by surprise” more than the Life lines.

The pandemic risk has already been integrated in actuarial
models for risk forecasting for life and health insurance. For a
long time, that was not the case for the P&C lines. The deve -
lopment of natural-catastrophe risk models has been a vital
factor for P&C insurance in the past decades. By providing
more rigorous and accurate estimates of probabilities and the
scales of natural catastrophes, they have enabled be er capital
allocation (Willis Towers Watson, 2020a). Integrating the more
uncertain factors that drive disease outbreaks and their conse -
guences for insurance, e.g. the biodiversity-loss dynamic, but
also political reactions and decisions that play a key part in the
economic impacts of pandemics, will prove even more complex
and di cult (Willis Towers Watson, 2020a).

In addition to be er integration of pandemic risk in models, re/
insurers will be reviewing their products and o erings in the
medium to long run. No structured insurance o ering exists
today to cover sanitary risks leading to operating losses without
damages (Les Echos, 2020a). Yet, some re/insurers have already
excluded the possibility to cover pandemics within the P&C
segments (Les Echos, 2020f).

Aside from the most obvious questions concerning insurance
of business disruptions, the COVID-19 pandemic will also give
rise to questions on how other re/insurance branches are doing
business and what products they o er. For instance, what about
automobile insurance or professional civil liability in a world that
is characterized by more people working from home, moving less
and being delivered more products at home? (Les Echos, 2020g)

In the long run, study will also have to be put into the adaptation

of prudential and solvency principles, notably those contained

in the Solvency Il Directive, which already include an obligation
to model epidemic risks, but proved to be ill-adapted to the
COVID-19 situation (L'argus de I'assurance, 2020a). Regulators
have already started to work on that subject (La Tribune, 2021b).
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protecting their customers against the biggest threats they
could face in the future, could these customers turn to other
mechanisms for protection? Will they, for instance, transfer
more risks to nancial markets? The next part will discuss the
future of the re/insurance industry in that regard.

+ %>c ¢c'22 T% >p' ME6 K'O'O % 8! T%
WAY RE/INSURERS DO BUSINESS?

The severe economic consequences of the COVID-19 crisis
have notably translated into increases in claims by insurance
policyholders. Re/insurers have been exposed to unexpected
fallout, which has forced them to re ect on the core principles

of insurance. Is a pandemic insurable? And, if not, why not?

As discussed previously, a struggle emerged between the re/
insurance industry and policyholders regarding the insurability
of the COVID-19 pandemic. The increase in claims highlighted
two very di erent aspects of this pandemic, the epidemiologic
aspect (relating to health and life insurance) and the economic
consequences (relating to business interruptions essentially, at
least in the short run). Basing his argument on the fundamen -
tals of insurance, Denis Kessler, CEO of SCOR, explains why a
pandemic cannot be insured (Les Echos, 2021a):

— An insurable risk must be pooled and relies on the indepen -
dence of the occurrence of the given risk with respect to
each policyholder. The pooling effect is stressed through
the diversi cation of policyholders in terms of industry and
geographic location. However, the economic consequences
of a pandemic are cascading because sanitary restrictions are
applied on a regional or national level, rendering ine cient any
diversi cation principle and leading to an accumulation of risks
that is impossible to manage from an insurance point of view.

— In order to price premiums and ensure their own solvency, re/
insurers need to be able to forecast risk occurrence through
models in order to assess the frequency and intensity of
potential claims. Therefore, a risk needs to be modelled.
However, even though pandemic risk is already integrated in
several models used by the re/insurance industry, the econo -
mic consequences of a pandemic are signi cantly in uenced
by public policies and are thus unforeseeable and exogenous.
It is impossible to forecast claims and to price premiums.

— Finally, o ering insurance policies covering against the conse -
quences of pandemics would cause moral-hazard issues.
Indeed, this crisis has shed light on the industries that are
most exposed to potential pandemic-related restrictions.
Consequently, only the most exposed economic sectors would
be willing to purchase an (expensive) insurance policy, thus
eliminating the possibility of diversi cation and the pooling
of risks for the insurer o ering the policy. Except if the pur -
chase of such policies is made mandatory by the regulator.

The challenges for the re/insurance industry therefore rely less
on dealing with the pandemic itself than with the behavioral
reactions it entails in terms of public policies and economic
consequences. The re/insurance industry is facing a growing
type of risk, namely AYAE%2a™€ % ™AE

“OY AE % 2 ™efer o tAerisk of a breakdown of an entire
system rather than simply the failure of individual parts” (Sys -
temic Risk Centre, 2021)

These systemic risks, and the way public and private players
are reacting, are pushing the re/insurance industry to the limit
of their capacities.

According to AXA’'s CEO, Thomas Buberl, the COVID-19 pan-
demic is the symbol of growing systemic risks that are impos -
sible to pool (Les Echos, 2020c). And other threats are already
knocking at the door, including cybera acks, climate change
and biodiversity loss.

Even though systemic risks per se do not fall into the insurance
framework, the disastrous consequences of such events force
ref/insurers, along with the State and other businesses, to react.
Diverse responses have already been developed and imple -
mented in the past to bypass the impossible pooling mechanism
for exceptional risks as a single player.

in France caused operating losses of EUR 60 billion (Les Echos,
2020d), but Cat bonds represented a stock of EUR 5 billion and
the rst layer of the GAREAT mechanism can commit up to EUR
2.5 billion (L'AGEFI Hebdo, 2020a). There is obviously a crucial
problem of capacity to face the economic consequences of
pandemics such as COVID-19. Even existing mechanisms are
being restructured because of the increasing scale of exceptional
catastrophes, such as climate change.

In the specific COVID-19 case, the Catex (for Catastrophes
Exceptionnelles, i.e. Exceptional Catastrophes) mechanism that
was considered by the previously mentioned French working
group has been abandoned because it was deemed too expen -
sive and complex. In the meantime, the French regulator will
probably o er tax incentives for companies to build reserves

to meet new shocks (La Tribune, 2020).
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impossible or too expensive, ref/insurers can turn to nancial
markets to bear the risks. This is the case for natural catas -
trophes with Cat bonds (Catastrophe Bonds). Cat bonds
were created in the 1990s to increase the protection of re/
insurers facing natural-catastrophe risks. Cat bonds are
insurance-linked securities and the nancial return for the
investor is linked to the occurrence of a natural catastrophe.

If the catastrophe occurs, the investor loses part or all of
the interest and sometimes the nominal value. In the case
of pandemics, the World Bank issued pandemic bonds in
2017. However, at least in France, there is no obligation for
re/insurers to protect themselves through this mechanism
(L'argus de I'assurance, 2020b). And the comparison between
a geographically de ned natural catastrophe and a global
pandemic can be questioned.

— The GAREAT (Gestion de I'Assurance et de la Réassurance des

against pandemics reveals the limits of the re/insurance indus -
try facing an increasing number of uninsurable events. The re/
insurance industry does not have the capacity to manage these
emerging risks alone, thus the only way forward is through
building partnerships between the State, the industry and other
businesses (Allianz, 2020). And, given that systemic risks spread
across borders, these partnerships need to be established on
multiple levels, from the regional up to the international (SCOR,
2020d). There is one main objective, i.e. it is necessary to anti -
cipate rather than react

3. WHAT IMPORTANCE FOR
BIODIVERSITY IN THE INDUSTRY'S
RESPONSE TO BUILDING RESILIENCE?
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is another example of a possible response by re/insurers to
exceptional events, in this case, terrorism. The GAREAT is a
market structure which pools insurers with limited liability
backed by two levels of support, rst the reinsurance industry
and second, the State (L’AGEFI Hebdo, 2020a).

In the context of the COVID-19 crisis, these solutions have been
put under review to determine whether they could also be
implemented. A working group gathered by the French Ministry
of Economy has been working for a year now on how to deve -
lop a new insurance framework for exceptional catastrophes
in light of this pandemic. The idea was to develop a solution
combining insurers, reinsurers, the State and the responsibility
of companies, leveraging the existing exceptional insurance
mechanisms such as Cat bonds and the GAREAT mechanism.
Debates have focused on the sources of nancing for such a
mechanism and to what extent and to whom the protection
should be granted. One common ground for these discussions
has been the reliance on the concept of the socialization of
pandemic risk (L’AGEFI Hebdo, 2020b).

But pandemics are very di erent from natural catastrophes or
terrorist a acks. They have no equivalent in terms of geographic
and economic spreading, with nancial consequences exceeding
any possible protection mechanism so far. As an illustration, the
French Insurance Federation estimated that the rst lockdown

A. IDENTIFYING AND CORRELATING EMERGING
RISKS TO FOSTER PREVENTION

Could the COVID-19 pandemic have been predicted? Probably.
Since the SRAS outbreak in 2002, the HIN1 in uenza in 2009
and Ebola in 2013, the scienti c community has been warning
about pandemic risks. However, it seems that we were still
caught by surprise.

According to risk managers, pandemics belong to grey rhinos,
the “high-impact, high-probability” events. These events are
usually ignored or mistaken for black swans , the “low-probability,
high-impact” events (Willis Towers Watson, 2020b). Surprisingly
or not, the de nition of grey rhino events corresponds well to
environmental risks, notably climate change, biodiversity loss
and pandemics.

The rst action in order to build up the resilience of our societies
against such events is to identify and name these risks. This is
the rst step to potentially prevent them from happening. Bio -
diversity loss is a certainty, i.e. biodiversity loss-related events,
along with pandemics, need to be considered high-probability
events. Understanding grey rhino events can help draw links
between them and enhance prevention, fostering co-bene -
cial intervention. As seen in section 1 of this case study, gh -
ting against biodiversity loss helps mitigate disease outbreaks.
Understanding these correlations is key to moving forward. And
over time, preparing for the occurrence of grey rhinos builds
up resilience for black swans (Willis Towers Watson, 2020b).
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The role of the re/insurance industry in society, through its
underwriting branch, is to ensure the mitigation and mutuali -
zation of risks, its mission is to minimize the impact of shocks
(SCOR, 2019). Concerning the investment branch, nance has a
double impact on natural capital. On the “supply side” of eco -
system services, nance enables investments in conservation
and restoration of ecosystems, increasing the regenerative rate
of ecosystems. On the “demand side” of human “consumption”
of ecosystem services, nance channels nancial ows toward
economic activities which require ecosystem goods and ser -
vices to deliver the expected outputs. In some cases, nance
also in uences the e ciency of our capacity to use ecosystem
services through nancing research and development (Dasgupta,
2020). Therefore, nancial ows and nancial institutions have a
crucial role and e ect on the impacts on biodiversity. Financial
ows can be directed toward activities that increase natural
capital, ensure the sustainable use of ecosystem services and
thus reduce negative impacts (Dasgupta, 2020).

The concept of impact is, in that sense, at the core of a re/
insurer’s day-to-day business.

As discussed in the previous parts, it is possible to use an impact/
dependencies framework to map the interactions between bio -
diversity loss and the re/insurance industry. Feedback e ects
between the loss of biodiversity and ecosystem services and
human societies must be anticipated and are already visible,
as the COVID-19 pandemic is demonstrating. The rst step to
limiting the impacts of this loss (and the shocks it will entail) on
societies is to limit one’s own role in the process, i.e. to review
and restrict one’s own impacts on the loss of biodiversity.

The concept of responsibility is central to the re/insurance
industry. Re/insurers provide the nancial support that other
entities need in order to operate. As such, underwriting and
investing activities o er policyholders and investees the capacity

to undertake certain activities. The nancial sector, including the
re/insurance industry, consequently does have an indirect impact
on nature (WWF France & AXA, 2019) and does indirectly bear
responsibility for the activities they choose to cover or invest in.

Broadly speaking, any company exists to produce goods and
services. In the production process however, it generates exter -
nalities, both positive and negative.

Because we do not live in a world that is characterized by what
economic theory deems “ pure competition ", markets are fallible
and those externalities are not “naturally” taken into account by
the entities that produce them. But it is crucial for a business
to understand what externalities it generates and to integrate
them in its strategy and decision criteria if it wants to reduce
its impacts on biodiversity and ecosystem services.

Relinsurers can play their part in this respect by creating the right
incentives (WWF France & AXA, 2019). Externalities generated
by companies and activities can be embedded in underwriting
and investing activities through the establishment of clear
sustainability criteria.

As the uptake of the Task Force on Climate-related Financial
Disclosures (TCFD)’s recommendations has shown, nancial
actors are willing to integrate climate-related criteria in their
strategies. Given that concerns for biodiversity loss are growing
too, the integration of more comprehensive nature-related
criteria will need to accelerate. To do so, it is crucial to grasp
both the harmful and the bene cial impacts industries can have
on biodiversity and to set up both negative and positive lters,
as is already being done for climate issues (SCOR, 2020b). This
will be the topic of the following two parts.
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As discussed in the previous parts, humanity is changing biodi -
versity in many indirect and direct ways. The current, underlying
characteristics of human societies, i.e. values, demography,
technology, economy and governance, constitute indirect drivers
or “the root causes of transformations” of nature, according to
IPBES (IPBES, 2019c).

These features materialize in the way human activities are
organized. These activities and their rami cations constitute the
direct drivers of change in nature, i.e. the connection between
those indirect drivers and aggregated impacts on biodiversity
(IPBES, 2019c). Changes in land and sea use, direct exploitation
of organisms, climate change, pollution and invasion of alien
species are the five most impactful of those direct drivers
(IPBES, 2019a).

Categories

These drivers are themselves a consequence of what the Natural
Capital Coalition characterized as impact drivers in its 2016 Natu-
ral Capital Protocol. This protocol is “ a standardized framework
for business to identify, measure, and value their direct and
indirect impacts (positive and negative) and dependencies on
natural capital " (Natural Capital Coalition, 2018). It adopts a
business viewpoint and aims to concretely assess the interac -
tions we have mapped above.

In this framework:

The following table gives examples of what impact drivers can be.

Uta»¥%A +’ ™Mante€E .. %™MO%%A

Water use

Terrestrial ecosystem use

Freshwater ecosystem use

Marine ecosystem use

Other resource use

GHG emissions

Non-GHG air pollutants

Water pollutants

Soil pollutants

Solid waste

Disturbances

A tEEl.L. %™ O% % €1E %"+ ¥ ™(Keldptect frondalsiturab @pithl-Coalition, 2018)
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These impact drivers lead to a multitude of impacts on the
environment, i.e. “ changes in the quantity or quality of natural
capital " (Natural Capital Coalition, 2016).

By assessing these impact drivers, it is possible to evaluate
how and how much an activity (see following Part on impact
assessment), a company or a sector impacts the environment
and contributes to the vicious circle of losses in biodiversity
and ecosystem services and their consequences on humans.
In this respect, the ENCORE (Exploring Natural Capital Oppor -
tunities, Risks and Exposure) tool, developed by the Natural
Capital Finance Alliance in a partnership with UNEP-WCMC,
provides valuable insights into the impacts (and dependencies
which will be discussed in next part) by sector, sub-industry
and even production process.

According to ENCORE, the production of services by the re/
insurance industry involves only one category of impact dri -
vers, i.e. the production of solid waste by o ces and service
centers (ENCORE, 2020). However, ENCORE lists onlydirect
dependencies and impacts, it does not include the whole supply
chain (ENCORE, 2020). For example, in the speci c case of the
nancial sector, the dependencies and impacts embedded in
the energy used by those o ces and service centers are not
accounted for.

What is more, as mentioned above, the very essence of the re/
insurance industry is to provide other activities and businesses
with the necessary means to run their own operations. Theo -
retically speaking, re/insurers may have to nance or cover all
economic sectors. Consequently, they need to adopt a broader
approach to sectoral impacts and integrate this analysis in their
decision criteria for underwriting and investing.

In its 2019 Global Assessment report, IPBES reviews what sectors
have constituted the most important direct drivers of NCP loss.
Its broad conclusions are as follows (IPBES, 2019c):

“Fisheries have the largest footprint with all of industrial
extraction, aquaculture and mariculture, and the small she -
ries critical for the livelihoods of millions ( well established).”

“Agriculture , including grazing, has immense impacts upon
terrestrial ecosystems, with important di erences depending
upon an enterprise’s intensity and size ( well established).”

“« . TAEYa™1tY¥ ¥+i«... xhaverisent WHiddbiddadigy
use rose dramatically in the rural areas of poorer regions,
with some sustainable forest management ( well established).”

“Dams, roads, and cities have strong local negative impacts
on nature, yet they also can have positive spillovers associated
to increased e ciency and innovation ( well established).”

“Tourism has risen dramatically with huge impacts on nature
overall, higher impacts for the higher-end options, and mixed
outcomes from nature-based options ( well established).”

“Both airborne and seaborne transportation of goods and
people has risen dramatically, causing both increased pollution
and a signi cant rise in invasive species ( well established).”

“Restoration can o set current degradation levels, with varied
intensities and outcomes, although global initiatives have
focused mostly on our forests ( established but incomplete ).”

“lllegal extraction —including shing, forestry and poaching
—adds to unsustainability, yet is fostered by markets (local,
global) and poor governance ( established but incomplete ).”

Several institutions and entities have also reviewed sectors
and tried to rank and map which pose the greatest threats to
biodiversity. According to the UN Environment Program World
Conservation Monitoring Center (UNEP-WCMC), nancial institu -
tions willing to reduce their impacts on biodiversity loss should
concentrate their e orts on Agricultural Products; Distribution;
Mining; Oil & Gas Exploration & Production; and Oil & Gas Sto -
rage & Transportation, because at least one of the production
processes of these sub-industries is deemed to have high or
very high potential impacts on biodiversity and because the
nancial ows they receive are particularly high compared to
other sub-industries (UNEP-WCMC, 2020). UNEP-WCMC also
notes that Airport Services; Marine Ports & Services; and Oil &
Gas Dirilling are sub-industries with potentially intense impacts
on biodiversity (UNEP-WCMC, 2020), while others such as the
Construction sector are suspected of tending toward greater
impacts in the future (UNEP-WCMC, 2020).

The ESG guide developed by the UN Environment Program
Finance Initiative (UNEP-FI) in the framework of the UNEP
Principles for Sustainable Insurance Initiative (PSI) presented a
heat map of the risks posed by diverse economic sectors. This
heat provides insight into which industries a re/insurer should
focus on if willing to mitigate its (indirect) impacts on the loss
of biodiversity and ecosystem services (see Table 13).

“%tLO%BAE ™« x ™Y | »¥tikdmnBandeand sed™ at¥ A

scapes supports the livelihoods of a large share of the globe’s
population, raising sustainability concerns ( well established).”

“Mining has risen dramatically, with big impacts on terrestrial
biodiversity hotspots and global oceans, most in developing
areas with weaker regulation ( established but incomplete ).”
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THEME RISK CRITERIA

Air pollution, greenhouse gas
emissions, and transition risks

Climate change

Physical risks (e.g. heat, wild re,
ood, sea level rise, water stress)

Exposure to unconventional mining
practices (e.g. deep-sea mining)

Deforestation or controversial site

clearance (e.g. palm oil on peatlands
or fragile slopes)

«O ™ 3+ 2%
degradation

Soil pollution

Water pollution

Impacts on World Heritage Sites
or other protected areas
Protected sites /
species
Impacts on species on IUCN Red List
of Threatened Species

Exposure to unconventional energy
practices (e.g. hydraulic fracturing,

Unsustainable L] SRR

practices lllegal shing vessels, controversial

shing practices or aquaculture
techniques
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Going even a step further, the UNEP-FI analysis indicates which lines of business are the most concerned by these same risks

(see Table 14).

THEME RISK CRITERIA

Air pollution, greenhouse gas
emissions, and transition risks

Climate change

Physical risks (e.g. heat, wild re,
ood, sea level rise, water stress)

Exposure to unconventional mining
practices (e.g. deep-sea mining)

Deforestation or controversial site

clearance (e.g. palm oil on peatlands
or fragile slopes)

«O ™ 3+ 2%
degradation

Soil pollution

Water pollution

Impacts on World Heritage Sites
or other protected areas
Protected sites /
species
Impacts on species on IUCN Red List
of Threatened Species

Exposure to unconventional energy
practices (e.g. hydraulic fracturing,

Unsustainable L7 SRR

practices lllegal shing vessels, controversial

shing practices or aquaculture
techniques
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BOX 20
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The textile sector is facing increasing criticism concerning its impacts on the environment because it is one of the most
polluting industries worldwide (ADEME, 2018a). According to ADEME, 100 billion pieces of clothing are sold every year
(ADEME, 2018b), a level of production that doubled between 2000 and 2014 (ADEME, 2018b). The overall demand for
apparel is projected to continue rising in the coming decades from 62 million tons in 2015 to 102 million tons in 2030
(Global Fashion Agenda & BCG, 2017).

This growth is far from neutral from an environmental viewpoint. The textile industry ranks 3 ™ in terms of water
consumption in the world, a er wheat and rice cropping (ADEME, 2018b), is responsible for 20% of worldwide wastewater
discharge (OECD, 2019) and emits 1.7 billion tons of CO per year (Global Fashion Agenda & BCG, 2017), with a greater
impact than air and maritime tra c taken together (ADEME, 2018b).

Fashion production processes today are essentially based on a linear system which exploits and negatively impacts the
environment and biodiversity at all stages of a product life cycle.

— Raw-materials production : exploitation of signi cant amounts of non-renewable resources, unsustainable production
of vegetal and animal materials and high volumes of water inputs, resulting in soil and water over-exploitation and
pollution, as well as changes in land use. +A+« €I¥E™MOtE ™M+« %% » Y% A%« EA +«¥Y i~ £’ t¥te¥% ¥t«..
24% of insecticide use and 11% of pesticide spraying (OECD, 2019)).

, o IE ™MA % %A»t+t«A™

— Manufacturing : use of toxic chemicals to dye and x colors, resulting in soil and water pollution.
is imputable to textile dying and treatment (ADEME, 2018b).

20% of water pollution

— Transportation : worldwide shipments, resulting in increased climate and environmental pressure from air, maritime and
road tra c. »I™Y, £’ C%hot«A E%tO%¥A 87 668 £2 +« tO% %t "% =t €+7 Ytl«. . IE—% |“¥te% E¥L™»> "¥%zt2 E—% €Az
store (OXFAM France, 2020).

— Textile use and care: use of water, microparticles and toxic chemicals release, resulting in water pollution. 14 000 liters
+¥% 61~ £ E— % XtE% ¥% €+ «Al2% ... Y%ot¥%¥Y oY %ot€— %%o«€— — 1A% — £MEMEA tA%™[Ete¥% Ax¥%¥Y E+ xtA
2018b).

— Disposal and waste : unrecycled waste. 4 million tons of textiles are disposed of in Europe each year, 80% of which being
A™an¥Y o[3% ™% ... ™« YAREME $MABbY ¥ 1% «E

Soil and water pollution and depletion, changes in land use as well as greenhouse-gas emissions and their consequences
for climate change have direct impacts on ecosystems and biodiversity. The role of the fashion industry in this harmful
process is concrete and established. In 2017, the Kering luxury group estimated that the overall impact on the environment
of its activities and supply chain amounted to EUR 482 million (OECD, 2019). These impacts could quickly materialize into
nancial consequences. Rising costs of labor, raw materials and energy in a “business as usual” scenario could lead to a
EUR 45 billion reduction in pro ts per year for fashion brands by 2030 (Global Fashion Agenda & BCG, 2017).

In addition, policy-makers are starting to implement measures in this sector. For instance, the 2020 French Law on Waste
and the Circular Economy prohibits the disposal of unsold textile products (this measure will enter into force on
31 December 2021 at the latest) (MTE, 2020a).

In 2017, WWF Switzerland analyzed and rated industry players in a report titled “Changing fashion: The clothing and textile
industry at the brink of radical transformation” (see WWF Switzerland, 2017) and Greenpeace published “Fashion at the
cross roads: A review of initiatives to slow and close the loop in the fashion industry”, a report presenting options for the
fashion industry to change its practices (see Greenpeace, 2017).

Many international initiatives have undertaken to set standards
and guidelines for entities willing to work in that direction.
Methods exist to identify and integrate good practices. For
instance, nancial institutions can adopt or follow the Equator
Principles, UNEP Principles for Sustainable Insurance (PSI), UN
Principles for Responsible Investment (PRI), OECD Guidelines for
Multinational Enterprises or the International Finance Corporation

Halting the vicious circle of impacts between human activities
and biodiversity loss cannot be achieved exclusively through
exclusions. Good practices are required and can support biodi -
versity conservation and counteract otherwise harmful impacts.
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(IFC)’s guidance on environmental and social issues in projects
(UNEP FI, 2019), among others. They can also become signatories
to the Finance for Biodiversity Pledge , a call for action launched
by 26 worldwide nancial institutions in September 2020 which,

as of December 2020, had gathered 37 signatories with a total
of EUR 4.8 trillion in assets under management (Finance for
Biodiversity Pledge, 2020).

In parallel with this increase in commitments in favor of biodi -
versity, the United Nations Convention on Biological Diversity
(UN CBD) ambitions to have approved a new framework during
the COP-15 in Kunming, the Post-2020 Global Biodiversity
Framework. The objective is for all stakeholders to assess and
report their biodiversity-related impacts and act upon them.

With this in mind, the science-based target s developed by the
Science-Based Targets Network (SBTN) provide a method for
companies to achieve the new targets that will be set for the
Post-2020 Framework of the UNCBD. Science-based targets are
de ned as “ measurable, actionable, and time-bound objectives,
based on the best available science, that allow actors to align
with Earth’'s limits and societal sustainability goals " (SBTN,
2020). The SBTN has developed a comprehensive ve-step
method described in Figure 16.

3
MEASURE,

1
ASSESS

IDENTIFY SPHERES
OF INFLUENCE

@ CONDUCT MATERIALITY PRIORITIZE
ASSESSMENT PLACES

MAP THE
VALUE CHAIN

OTE
DISCLOS

MEASURE
BASELINE

DEVELOP
MONITORING PLAN

@ SET TARGETS [

DISCLOSE BASELINE
E TK!I'TO

™k

Use the SBTN's
dra measurement
framework and

Interpret the results
of Step 1, prioritize
di erent places
across your spheres
of in uence where
you can start acting
today

Assess and identify
your company's most
material impacts

and dependencies
on nature and where
they occur in your
value chain

places

Figure 16.

The aim of this method is to assist companies in aligning with
the CBD’s Post-2020 Global Biodiversity Framework, the UNCCD
2018-2030 Strategic Framework, the UNFCCC Paris Agreement
and the UN General Assembly’s 2030 Agenda for Sustainable
Development.

Step 3, in particular, focuses on principles useful in de ning
measurement indicators. According to the SBTN, measurement
indicators of companies’ impacts on biodiversity should be
(SBTN, 2020):

— Location-speci c;
— Practical, meaning the company has the available data to
measure;

available guidance
on SBTs or interim
targets, to begin
determining "how
much" action is
needed in di erent

Monitor your
progress, adapt your
strategy if necessary,
and report your
progress publicly

5-Step Process of SBTs for Nature

— Controllable, meaning companies can have a significant
impact on the measured value;

— Predictable, meaning the company can assess in advance
how their actions will impact the indicator;

— Transparent, meaning the company uses open-source and
available data and tools;

— Incentives, meaning the indicators incentivize the right actions;

— Comprehensive, meaning the indicators are as exhaustive as
possible concerning the company’s impact;

— Science-based, meaning the indicators can be used to assess
the compliance with the Earth’s limits.
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In view of concretely assessing and expressing their impacts
on biodiversity, and avoiding to engage in harmful activities,
entities can start by evaluating their biodiversity footprint

Not only can they calculate their own direct biodiversity footprint
(through e.g. their use of energy, their production of waste, the
construction of their buildings), re/insurers may also calculate
the impact of the activities they cover or invest in to select
them in an informed manner (Berger et al., 2018). A nancial
institution’s impact on biodiversity comes quasi exclusively
from the services it provides rather than from its own direct
operations (Mulder & Koellner, 2011).
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Many initiatives have emerged and are on-going in order to pro -
pose footprinting methods and their associated indicators. For
instance, CDC Biodiversité, in collaboration with the "Businesses
for Positive Biodiversity" club (Club B4B+), has developed its
Global Biodiversity Score (GBS), which evaluates the impact
or footprint of a company on biodiversity and expresses it as

a percentage of the MSA.km unit (where MSA means Mean
Species Abundance). This unit characterizes the integrity of
ecosystems and can be used as a basis for the development of
key performance indicators (KPIs) by entities (CDC Biodiver -
sité, 2019; WWF France & AXA, 2019). Another example is the
tool developed by ASN Bank, the “Biodiversity Footprint for
Financial Institutions” (BFFI) method, which uses the Potentially
Disappeared Fraction of Species (PDF) unit as an indicator (PwC
& WWEF, 2020). The ASN Bank itself conducted its own assess -
ment to determine the impact of its loans and investments on
biodiversity (see Box 21).

BOX 21
% ASSESSING ONE'S OWN BIODIVERSITY IMPACT: THE ASN BANK EXAMPLE

The Dutch ASN Bank set itself as a long-term goal to have a net positive e ect on biodiversity through its loans and

investments by 2030 (ASN Bank, 2021).

The bank has been assessing the biodiversity impact of its investments since 2016 on a dataset dating back to 2014.

A 2021 report concluded that the ASN Bank was responsible for the equivalent of 19 422 hectares of biodiversity loss
through its investment in bonds and loans, and 67 886 hectares through its investments in equities (ABB branch) (PRé
Sustainability, 2021). This impact decreased between 2018 and 2019 a er having increased between 2014 and 2016 and
again between 2017 and 2018. The following diagram shows how the ASN Bank portfolio impacts biodiversity (expressed in

terms of hectares).

Figure 17.

N.B. “The footprint result is expressed as the number of hectares where all biodiversity is lost”  (PRé Sustainability, 2021).

Conducting this type of analysis is the rst step toward mitigating one’s own impact on biodiversity.

Di erent types of footprinting methods take di erent charac -
teristics into account. They aim at supporting di erent types

of decisions (from “strategic” to more “operational” ones) and
should be used in di erent contexts (e.g. for public policy-ma -
king, for corporates and portfolio management, for project and
site evaluations) (Berger et al., 2018). In 2018, the One Planet
Program on Sustainable Food Systems and the E.U. Business@
Biodiversity Platform each dra ed a technical report on these
methods and tools. Their reports (see Lammerant et al. 2018 and
Core initiative on Biodiversity; One Planet Program on Sustainable
Food Systems, 2018) can serve as guides for further research

into those issues (Berger et al., 2018; WWF France & AXA, 2019).

Indicators and tools to assess organizations’ impacts, whether in
terms of drivers of change for biodiversity, in ecological terms
or in economic terms, among others, are a major issue in rallying

private actors to assist in mitigating the biodiversity crisis.  Tools
t«... M«..  MELE+ A t ¥ %BssessiadhBasurd dierent
interactions between organizations and biodiversity fromdie -
rent perspectives. In 2019, WWF France developed a compre -
hensive guide to these tools and methods (see WWF, 2019b).

Having a net positive impact on biodiversity (i.e. looking at the
combined actions of an entity and not only isolated actions)
can be achieved through the combination of multiple types of
actions, e.g. avoiding or minimizing negative impacts, actually
increasing biodiversity ( rehabilitation ) and o se ing or com -
pensating for biodiversity loss (CREM & PRé Sustainability,
2019). The calculation of such actions can result, through the
“mitigation hierarchy” (Lanius et al., 2013), inno-net-loss or
net-positive-gain  of the entity for biodiversity.
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Figure 18

Relinsurers can aim for no-net-loss or net-positive-gain through both their underwriting and investing activities. This approach
has limitations though in that living beings and their ecological interactions are not interchangeable or replaceable (see Box 22).

BOX 22

CONSERVATION OR RESTORATION?
It is important to bear in mind that biodiversity involves complex interactions between living beings. Entities that compose
the “web of life” are not interchangeable or substitutable. One should be cautious when making use of these “no-net-loss”
or “net-positive-gain” concepts.

While biodiversity conservation refers to the act of preventing and protecting biodiversity and ecosystem services

from declining, restoration is a post-response to the degradation of biodiversity in order to assist its recovery process.
Biodiversity restoration is key to limiting the impacts of biodiversity loss, avoiding the cost of inaction (see Table 8) and
rebuilding ecosystem services. To be fully e ective, it must be accompanied by a reduction of the initial pressure leading

to degradation. Therefore, there is a rationale for ecosystem restoration (OECD, 2019), nevertheless, according to the IPBES
Assessment Report on Land Degradation and Restoration, conservation is a more cost-e ective approach. Protecting,
mitigating and avoiding is always easier than reversing the process of environmental degradation. A last and powerful
argument is that it is unknown to what extent biodiversity degradation is irreversible and thus at what point restoration is

no longer possible (IPBES, 2018).
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The World Economic Forum in collaboration with AlphaBeta identi ed 15 systemic transitions to be achieved and determined that the MENEE SIS

Insurance & Asset Management sector could have an “enabling role” (i.e. “could potentially support key activities in the transition”)
in all but two of those 15 needed transformations (WEF & AlphaBeta, 2020) (see Table 15).

Media, entertainment
& information

Mining & metals

Oil & gas

Professional services

Retail, consumer
goods & lifestyle
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Supply chain
& transportation

Table 15.
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Relinsurers can cover or invest in virtually every type of economic sector. They therefore have a key role to play in ensuring that

human activities contribute positively to nature preservation.

BOX 23
@ TAKING ACTION FOR POSITIVE IMPACT THROUGH THE MOBILIZATION OF VALUE CHAINS

Not only can nancial institutions mitigate their impact on biodiversity through their investment decisions (as seen in Box
21), they can also directly mobilize and in uence their entire value chain. In particular, they can engage their clients in the
development of be er practices toward biodiversity. In that respect, each member of the re/insurance ecosystem can be

involved.

The Marsh example

Marsh is a leader in the insurance-brokering and risk-management sector. The company has been developing speci ¢

products and expertise for the transformation of site use. The underlying idea is to

t«..., €E+t«A%%Ii%«E¥YY, E+ »%%OABBE/AZBMB).«tEI'%W t % %ot A

They notably provide policyholders with what can be called a “ten-year environmental insurance” policy that covers claims
and ordinances to further engage in depolluting activities on (and even o) the premises, up to scrapping of units and
reconstruction (EPE, 2020). In the rst quarter of 2020, Marsh secured a total of 40 000 m in rehabilitation. Its objective
is to secure a total of 160 000 m by the end of 2021, 380 000 m by the end of 2023 and 600 000 m by the end of 2025

(EPE, 2020).

The Korean Aquaculture Disaster Insurance (ADI) scheme

Seaweed aquaculture is rising fast globally and this expansion is taking place at a certain ecological cost (UNU-INWEH &
SAMS, 2016). Some consequences of the rapid industry growth are “ disease outbreaks, introduction of non-indigenous pests
and pathogens, reduction in the genetic diversity of native seaweed stocks and changes in farm management practices "
(UNU-INWEH & SAMS, 2016). The illegal use of algicides and pesticides is also likely to be detrimental to the marine

environment (UNU-INWEH & SAMS, 2016).

But another negative aspect of the growth of this industry is its vulnerability to natural disasters. Aquaculture facilities are
directly exposed to severe weather conditions and extreme wave action. When they are hit, parts of the infrastructure (nets,
etc.) can sink and cause long-term damage to the seabed and in some cases prevent use of the site in the future (UNU-

INWEH & SAMS, 2016).

The Korean government initiated the Aquaculture Disaster Insurance (ADI) scheme in 2007 to tackle the lack of incentives
for seaweed farmers (whose businesses were bankrupted due to such disasters) to remove the damaged infrastructure and

restart their business (UNU-INWEH & SAMS, 2016).

Concretely, a er a natural disaster has occurred (primarily physical damages, but now biological hazards such as red

tides and disease outbreaks as well), insurance companies will reimburse the farmer for 70 to 80 % of his average yearly
production, provided that he repairs the damage and returns the site to its prior condition (UNU-INWEH & SAMS, 2016).
Farmers can choose the scope of their insurance policy and the Korean government subsidizes half of the fee (UNU-INWEH

& SAMS, 2016).

Not only has this scheme incentivized sea farmers to retrieve damaged infrastructure from the seabed, it has also enhanced
their reporting of disease outbreaks (UNU-INWEH & SAMS, 2016).

No indicator or criterion has been internationally agreed upon
yet concerning biodiversity protection. The E.U. Sustainable
Finance Taxonomy, which tackles biodiversity along with other
key sustainability issues, including climate mitigation and adap -
tation, was released in March 2020 and will be the basis for
further E.U. regulations in the coming months, which will set
clear disclosure obligations (EU TEG, 2020).

100 — Biodiversity and Re/insurance: An Ecosystem at Risk

The biodiversity challenge is massive and complex, however
nancial institutions already have at their disposal a range of
options to act. To start with, they can align their own targets
with national targets and priorities (Natural Capital Coalition,
2018) and make the most of lessons learnt from good practices
already implemented in climate-related issues. They can act now
toward the creation of SMART (Speci ¢, Measurable, Ambitious,
Realistic and Time-bound) biodiversity targets (Natural Capital
Coalition, 2018) and, as investors, focus on biodiversity-positive
investments.

LEMYMEtE% E—% [A% £' «£«lO™¥% ™« Ax™MYA

A report commissioned by the Dutch Ministry of Agriculture,
Nature and Food Quality and The Netherlands Enterprise Agency,
and dra ed by CREM and PRé Sustainability in September 2019,
reviews approaches to investments and positive impacts (CREM
& PRé Sustainability, 2019). The report found eight types of
positive investments.

With this taxonomy in mind, nancial institutions can then decide
on what goals and what types of activity they will prioritize.
They can then rely on existing disclosure standards, sector-spe -
ci c scores (e.g. the Agrobiodiversity Index (ABD Index) or the
Biodiversity Indicator for Extractive Companies developed by
UNEP-WCMC) and wider indicators on their biodiversity return,
using for instance the Biodiversity Return on Investment Metric
developed by IUCN (PwC & WWF, 2020).

Thanks to the development of footprinting methods, impact and
risk assessments and standards, nancial institutions are starting
to develop new investment approaches to reduce their nega -
tive impacts on biodiversity. The most widely used framework
is ESG (environmental, social and governance) investing. ESG
investing is a rst step toward integrating sustainability criteria
where investors take into account company non- nancial per -
formance indicators on their sustainable, ethical and corporate
governance practices and impacts, in addition to the future
nancial returns. Another approach developed in the last years

is impact investing where private investors directly invest in
projects or companies with a clear social or environmental
objective in addition to a nancial return. In July 2019, AXA
Investment Managers launched a EUR 200 million impact fund
focusing on Climate & Biodiversity (AXA Research Fund, 2019).

However, these sustainable or green investment initiatives are
still marginal and are not even focused on biodiversity. In terms
of biodiversity alone, a study by ShareAction has pointed out
that none of the 75 largest asset managers include biodiversity
in their investment policy (ShareAction, 2020).

Despite the rise of private nancial ows toward natural capital,
there is no business case yet for investments in the conser -
vation or restoration of ecosystems. “Sustainable” or “green”
investments are solely directed to projects or companies with
sustainable practices. There are three main hurdles to the
mainstreaming of biodiversity finance for private investors
(Dasgupta, 2020):

— First, conservation and restoration activities do not always
provide nancial returns. Conservation and restoration acti -
vities are long-term oriented and therefore do not meet the
usual requirements of private investors. In addition, market
prices might not be aligned with accounting prices and reve -
nue streams could take time or be irregular, reducing the
nancial a ractiveness for investors;

— Second, conservation and restoration projects do not meet
the critical-size criterion for private investors. Small-scale
projects are less a ractive because they increase the risk
factor of the project and the time needed to build the project
versus its nancial return;

— Third, the lack of data standardization and transparency has
resulted in li le information on previous investments. With
no historical records, it is hard to prove the outcome of the
investments.
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However, the innovation capacity of the nancial sector in terms
of nancial products will enable it to develop solutions to a ract
private capital into conservation and restoration. For instance,
blended nance uses public funds to a ract private funds by
providing guarantees and lowering the risks. Pooled funds gather
di erent projects into a single fund to reach a minimum size
and to diversify risks for private investors.

Other private initiatives have emerged such as the Intrinsic
Value Exchange which creates “natural equity”, a new type of
asset based on natural assets exchanged on nancial markets
and designed to a ract private investment. Many other actors
are now engaging in biodiversity nance. The UNDP has deve -
loped platforms and tools in the BIOFIN catalogue and the
Global Canopy just published its “Li le Book of Investing in
Nature” to detail existing biodiversity nancing mechanisms
(Dasgupta, 2020).

Several approaches and solutions are emerging to overcome the
traditional barriers of investing in nature and shi nancial ows

out of detrimental extractive activities. However, the road is
long. In May 2020, a consortium of nancial institutions formed
by BNP Paribas Asset Management, AXA Investment Managers,
Sycomore Asset Management and Mirova gathered to call for
the creation of impact measures for biodiversity. They pointed
out major gaps on that road to limiting companies’ impact (AXA
Investment Managers Press Release, 2020).

© Kazuend on Unsplash
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Rel/insurers have several means to incentivize customers to
reduce their risk exposure:

— Promote biodiversity-related risk awareness through education
for their customers;
As noted in the previous section, the re/insurance industry could

experience signi cant losses for their business and for their
reputation. However, emerging risks also represent emerging
opportunities when stakeholders engage in addressing them.
Commi ing to address biodiversity loss by fostering mitigation
and adaptation solutions is a source of opportunities for insurers
to ensure the sustainability of their business, seize new business
opportunities, enhance their reputation and relationships, and to
potentially rede ne their social role in building a resilient society.
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The environmental crisis has raised awareness about our unsus -
tainable use of natural resources and highlighted the lack of long-
term viability of most business models. Integrating biodiversity
and ecosystem issues in business models is an opportunity to
ensure the sustainability of those models and long-term value
creation for companies (OECD, 2019). Companies need to adapt
not only to an increasingly competitive landscape and changing
customer demands, but also to the natural environment on
which they depend directly or indirectly in order to overcome
the emerging risks discussed in Part 2.

— Promote biodiversity-related risk awareness through risk-
based pricing, a method of pricing which directly re ects
the value of losses to which the policyholder is exposed;

— O er risk prevention and advisory services to clients;

— Create nancial incentives for policyholders in order to lower
their risk exposure, e.g. a no-claim bonus system;

— Directly finance risk-reduction and adaptation measures
through their investment portfolio;

— Foster biodiversity-related risk research to deepen our unders
tanding and enhance risk-prevention measures and actions;

— Invest in nancial products characterized by their low envi
ronmental impact.

The business of ref/insurers is based on risk coverage. A more
threatening risk environment could logically benefit their
business (see Box 19 on The insurer’s dilemma). According to
the single literature review to date on the transmission of nature
risk to nancial risk, the rise of biodiversity-related risks can
indeed boost premiums in terms of amount as well as number
of subscriptions (Busch, Timo et al., 2019).

However, it is impossible to determine if this increase in
premiums would exceed the cost of the rise of nature risks for
re/insurers and thus to know how much they would bene t from

it. The economic bene t of a rise in the risk environment due
to biodiversity-related risk is uncertain and this approach
denies the existence of an intrinsic value of biodiversity.
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Nevertheless, re/insurance companies could develop insurance
policies covering biodiversity-loss- risks, in case these risks
become measurable and insurable in the future.

On the other hand, emerging risks will trigger changing demand
from policyholders. And there are opportunities to develop new
insurance products for policyholders and for biodiversity itself,
as well as new nancial products.

— %ot¥ ™M« x™E_ AV ATReksystericlaspehtfoA
nature-related risks makes them uninsurable by de nition.
The physical consequences of nature-related risks, such as
natural disasters, have large geographical impacts making it
impossible to diversify and pool risks on a national level and
thus to provide insurance coverage. In extreme situations,
citizens and organizations usually turn to their government as
a last resort to manage the physical and nancial damages.
However, emergency relief in response to natural disasters
comes later in time, thus creating more uncertainty about the
potential recovery compared to an insurance policy. Moreover,
given the increasing frequency, intensity and magnitude of
nature-related risks, the consequences can be disastrous
for countries with an economy highly dependent on natural

The idea to create a climate-risk pool on a multinational level
was rst developed by Schoenmaker and Zachmann in a paper in

assets. The results can severely undermine infrastructure
and the scal capacity of the country, preventing even the
government from deploying emergency relief for its citizens
(Dasgupta, 2020).

— Solutions have been implemented or are being studied to
overcome the rise of common risks worldwide. Insurers are
starting to o er insurance policies that partially cover the
consequences of common risks, such as the Crop Shortfall
Insurance covering extreme weather consequences for far
mers in the U.K. (see Box 24).

— For countries with limited nancial capacities confronted with
major nature-related risks, the international community is
required to develop emergency relief. To manage the intensity
of nature-related risks, insurance companies and States can
collaborate to o er coverage and emergency assistance. For
nature-related events impacting a whole country, a global
risk-pooling mechanism could assist the most vulnerable
countries in recovering from extreme situations. A global
insurance scheme for biodiversity-related risks could be
developed on a regional or multi-country level (Dasgupta,
2020) (See Box 24).

to the national ecological footprint to incentivize a reduction
in environmental pressures. For the insured countries, the pre

2015 (see Bruegel, 2015). The ideaisto create a“ ¥+ «t¥, ¥tV %o ¥%%iums would be calculated according to their vulnerability and

insurance scheme to cover the consequences of nature-related
disasters for the most vulnerable countries. The rst layer of
coverage would be supported by the insured country itself to
incentivize investment in ecosystem conservation and restora -
tion. The second layer would be insured by the premiums collec -
ted. Premiums would be collected from both insured countries
and donor countries (developed countries) and would be linked
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for donor countries according to their GDP. Pay-outs would be
triggered only for natural disasters exceeding a certain threshold,
based on the extremeness of the event (not on the damages)

(Bruegel, 2015). The uncertainty regarding the extremeness

of future climate events would make premiums una ordable
for countries if they were to buy private insurance coverage.
However, even for such a global pooling mechanism, knowledge

gaps concerning the impacts of climate change on a regional
scale make it di cult to implement. A similar approach could
be taken for biodiversity-related risks, but the complexity and
the uncertainty in terms of the timing, intensity, frequency and
geographic magnitude of the consequences of biodiversity loss
also make it di cult (Dasgupta, 2020).

scope of environmental insurance could broaden to other
drivers of biodiversity loss.

— Insurance products for nature . Re/insurers focus on pro -

tecting individuals and companies at risk, however, the rst
part of this report showed that biodiversity itself is at risk.
Therefore, another solution is to insure against biodiversity loss

— ™M1 MO%LAMEY I ™AL atAs fehtiorel in ... O ™ Atsel With insurance products for nature, given that protec -

the previous paragraph, re/insurers could capitalize on their
risk management skills and develop an understanding of
biodiversity-related risk exposure and impacts to o er new
advisory services to customers, thus reducing their own risk
exposure.

— < O™YE A% « ETY ¥ ™™ e ™ BNENOUE € idvEe € %o

lopment of environmental-liability insurance began almost
30 years ago, it still constitutes an opportunity for the re/

insurance industry to grow. Customer awareness of envi -

ronmental impacts is growing, environmental legislation is
strengthening and the market is growing in step (AXA XL,
2019). Today, the insurance o ering is still focused essentially
on pollution issues, however, with the scienti c community
steadily gaining knowledge of our impact on biodiversity, the

ting biodiversity directly protects individuals and businesses.
The idea is to buy insurance coverage in case the ecosystem
collapses, similar to insurance for a home. The problem with
this type of product is that biodiversity is a common good
and falls under the theory of the commons or public goods
with the free-rider e ect, where single individuals nd few
incentives to purchase insurance because the bene ts are
enjoyed by all. This type of coverage could therefore be
supported by local governments under a tax scheme to fuel
a restoration fund (Dasgupta, 2020). For example, The Nature
Conservancy has partnered with Swiss Re to develop the
rst insurance product for nature, namely a policy for coral
reefs in the state of Quintana Roo in Mexico (The Nature
Conservancy, 2020) (see Box 25).
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— '««xOtE™O % & «t«€ ™nterm&ottheir@rizestment This momentum is an opportunity for companies and specially
activities, re/insurers can take the opportunity to invest in rel/insurers to take a leading role for change. Because envi -
new markets as well as develop new nancial products for ronmental issues require systemic changes in our society, it is
nature. For instance, concerning the development of nancial in the interest of each company to be proactive. The UN CBD
products, AXA XL and The Nature Conservancy partnered to urges companies to take part in international negotiations on
develop blue resilience carbon credits in order to create a the Post-2020 Framework, which was scheduled to be debated
market value for the services provided by coastal wetlands in 2020 (but postponed to 2021) in Kunming, China. Leading
and drive investment into the protection and restoration of companies have the opportunity to participate in the discussions
these ecosystems (AXA Research Fund, 2019). and decision-making processes for a new framework which will

be applicable on the national level. Companies can take part

Addressing biodiversity loss through mitigation, adaptation, in se ing standards, methods and indicators for the binding

protection and restoration measures can develop new demand regulations that governments will impose on the business sector.

from customers and regulators, and new opportunities to seize

for the re/insurance industry. As seen for climate change, com - The latest remarkable initiatives in the corporate world are the

panies are also increasingly judged on their ESG rating and/or launch of a Task Force on Nature-related Financial Disclosures,

performance, with signi cant consequences for their reputation. backed by AXA among others, and the call in 2020 by 30 Euro -

By addressing biodiversity issues, re/insurers can strengthen pean investors for the creation of measures to reduce impacts

their leadership and enhance their reputation. on biodiversity, led by AXA Investment Managers.

Addressing biodiversity-loss issues would bring visibility to
re/insurers, enhancing their a ractiveness through improved

3. REPUTATION AND LEADERSHIP reputations, improving business relations with regulators, policy -
makers and other stakeholders, and potentially increasing their

Companies are increasingly judged by investors and customers in uence on the international and national environmental scene.

in terms of their sustainability. Demonstrating awareness and

action for environmental issues is an opportunity to increase

the reputation of companies and improve their relationships

and leadership status.

For re/insurers, demonstrating environmental responsibility can
help to build relationships with policymakers, regulators and
local communities (Herweijer et al., 2009).

In addition, addressing environmental issues can a ract envi
ronmentally conscious consumers and provide the company
with a competitive advantage to acquire greater market share.

What is more, similar to climate change and as was seen in Box
17, biodiversity issues are the topic of international negotiations,
notably in the context of the Conference of the Parties of
the UN Convention on Biological Diversity. These internatio
nal agreements must be transposed into national regulations.
Governments take more or less binding action that can a ect
companies. On the corporate level, companies are pressured
by the government, NGOs and civil society to take action on
environmental issues and reduce their negative impacts. Several
corporate initiatives have been launched, in the form of research
studies, task forces, calls for action and working groups. Com
panies are also making commitments, for instance through the
Act4Nature initiative.
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