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How to read this report

The aim of this report is to help readers understand how Earth systems and planetary boundaries impact global markets.

It equips corporate leaders and investors with a conceptual understanding of the stiased frameworks, as well as
actionable insights to navigate emerging environmental risks, anticipate regulatory shifts, and unlock avenues for

resilient, longterm vaue creation.

It is our hope that readers will find the full report useful and intellectually stimulaftag.those readers more pressed

for time, however,the below summary overview shoustt as a useful guide navigating this report.

All readers, particularty

Executivesummary

The planetary boundaries framework,
systemic risks, and the opportunities for
Earthsystemaligned value creation.

1
1
1

Gsuite executives
Board members
Seniorinvestment leaders

1. Introduction

The foundational science of the safe
operating space and the core strategic

questions this report answers.

All readers seeking a hidavel
baseline understanding of the
planetary boundaries topic

2. The Science and
interconnections

The ninecritical globaprocesses, their
trajectories to 2050, and their cascading
interdependencies and tipping points.

ESG investment analysts
Corporaterisk officers
Sustainabilitydirectors

3. Implications and risks for
business, investors, and
society

How ecological deterioration translates into
material risk,acrossgeographic, sectoral, anc

temporallenses

Asset allocators
Portfolio managers
Corporate strategists
Corporaterisk managers

4. Regulatory andobolicy
landscape

Overview ofglobal disclosure frameworkend
regional regulations in the EU, UK, and AP£
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Investor ESG reporting leads
Qorporate compliance officers
Corporatelegal teams

5. Opportunities forvalue
creation

How planetaryboundary alignment drives
market share growth, builds operational
resilience, and securésiprovedfinancing.

Growth-focused investors
Qorporate strategy leads
Operationsdirectors

6. Tools andmethodologies
to unlock growth and
resilience

Analytical frameworks and models that
translate macreecological limits into precise
corporate and investment metrics.

Investment analysts
Quantitative modellers
Corporate sustainability teams

7. Thecritical role of
investors

Principles for capital deployment and
stakeholder engagement plan to drivalue

andsystemic market change.

Asset owners

Institutional investors
Sewardship/ engagement
teams

Appendix

Additional analyticalcontent, e.gon
boundary interdependenciesiouble-
materiality analysis, regulatory factsheets

All readers seeking more-gtepth
contextual understanding and
analytical outputs
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Executivesummary

Global markets are being reshaped by a deeper ecological realignméfitile the
g2NI RQa I G4 Sy iha Enyhedikte threats 9fimate ghangeyroader
changesto 9 I NJi K Q & glolaiNgragesgedare creating wider systemic risks
alongside newmulti-trillion -dollar opportunities. Investors and corporateshest
positioned to succeed will be those whanticipate, adapt, and act.

1. Resilience and longerm growth prospects of the economic losses associated with air pollution
global economy rely intrinsically on the stability accountingfor nearly7% of global GDP.
and health of our planetTo date, understanding the 1 Up to 1.bn people are projected to be

ecological changes that threaten this stabilligs
been assessethrough the lens of climate change
and greenhouse gas (GHG) emissioHswever,

displaced by 2050 due to severe ecological
threats, natural instability, and scarcity

there exist anothereight critical global processes 3. In 2009, the Stockholm Resilience Centre developed
that are far lessvidelytranslated into corporate and a sciencebased framework outlining thenine
investment decisiommaking. critical global processesthat regulate the stability

and resilience of our planet. CruciallyetiPlanetary
Boundaries Framework” also defines the
gquantitative planetary boundary (PB) thresholds

2. Damageto thesewider global processess already
causingsignificantrisk and harm For example

1 $58tn ofannualglobal economic valué€>50% Ultimately, if these boundaries are crossed, they
of the world's GDPis dependent on natwal would increase the likelihood of crossing Earth
ecosystemsmany of which are at righday. system tipping points that would trigger

1 $320n in global physical damages were unacceptable and nodinear environmental
caused by natural disasters in 2024 alone, while change causingrreversible damage to the Edrt

Figurel. Current global status of the nine planetary boundaries

@JJ;L Climate Change High risk Ocean Acidification Increasing risk
Biosphere Integrity Critical ﬁ f:;?:gheric Aerosol Within safe operating space
Land-System Change High risk 77 ;:Z:::izl;eric Ozone Within safe operating space
Freshwater Change High risk Novel Entities Critical

@ Biogeochemical Flows Critical

WW[AGAY I tfFySG)wSLERNIET 22C OHAHN

24bl GdzNF £ 5A&l ad SN CAlFAMBAE NI (ipidsy X FROWSBaraNa FR2NO T [ A B otS tflySGés 22NI
3dbl GdzZNB wAal !yIfeadrAaés 22C O6HAHPO

4 ¢Seven of nine planetary boundaries now breachgdO S|y | OARAFAOI A2y 22Aya (GKS RIYISNIT2ySés t
(2025)



ApplyingPlanetary Boundarie$ Sustainable Investment Institute

4. The scientific consensus establishes that seven of

the nine planetary boundaries have already been
breached® This is causingan increased risk of
irreversible damage, amplified by the profound
interconnectedness ofcritical global processes
Deterioration of one process has immediate
negative implications for others. For instant@and
System Change(driven by rapid deforestation)
directly exacerbateClimate Changeby releasing
stored carbon. This influx of emissions intensifies
Freshwater Change by disrupting global
precipitation patterns, which subsequently degrades
Biosphere Integrity creating a dangerous feedback
loop that further weakens the planet's baseline
resilience.

. The deterioration ofcritical global processeand
planetary boundaries brings existential risks to
entire markets and segments of economic activity
Understandng the impacts ofthese acute risks
requiresplanetary boundary assessments to be:

1 Locationspecific: Global averages mask acute
regional transgressions. For example, while
Atmospheric Aerosol Loadinig globally within
safe limits, severe air pollution in urban areas
across Southeast Asia creates locakd
hotspots ofsignificantrisk.

1 Sector and assetbased: Boundaries exhibit
distinct Wouble materialitfdacross industries.
For instancethe Fisheries sectas existentially
threatened byOcean Acidification even if it
barely contributes to tk reduction ofocearic
pH levels Similarly, the Transportation sector
has little impact onFreshwater Changeyet
inland shipping can beubstantiallyaffectedby
low river and canal levelsausing higHinancial
materiality exposure

I Timedependent: Not all boundaries degrade
at the samespeed For example Freshwater
Changecan create neaterm operational risks
where drought or water restrictions halt
production, constrain hydropower, or disrupt
inland shipping, whil®lovel Entitieqe.g. PFAS)
can build gradually over many years, before
turning rapidly into material financial exposure

5 &Seven of nine planetary boundaries now breachex

through litigation, clearup costs, product
bans, or tighter regulation.

6. Companies and investorsface interconnected

planetary boundary risks that can disrupt cash
flows, operations, valuations, and access to capital
Yet these risks are still not consistently priced by
markets, partly because environmental costs remain
externalised and decisienseful data is limited. Our
shareholder returns analysis found no clear evidence
that companies actively mitigating planetary
boundary risks outperformed more exposed peers
In some cases, they underperformed the MSCI ACWI
benchmark sugyesting public markets do not yet
consistently reward companies that are better
insulatedto Earth system shocks

. From a regulatory perspectivesncouragingly both

global frameworks and local legislation are
beginning to capture a wider range afitical global
processes However, while improved reporting is
an essential tool in advancing the understanding of
planetary boundary risks, the regulatory landscape

remains fragmented, placing the ball inA y @S & (i 2 N& ¢

'y R 02 N1J2 NI dkénin@thed xge¥dies ( 2
This divergence undermines the transition toward
transparent and comparable disclosures across
jurisdictions.Essentiallyuntil these new PRligned
regulatory frameworks gain critical masand
establish consistent and comparable market
standards analogous to carbon budgets ameell-
functioning carbon markets it remains within
AYy@Sai2NaQ
assesgheir own planetary boundary exposures and
identify relatedopportunities.

. For those able to effectively introduce planetary

boundary considerations into their strategic
processes and operations, the rewards span well
beyond simply improving risk management and
mitigating the adverse impacts of environmental
deterioration. Increased value creation, more
resilient operations, and improved financing
conditions await those who are best able to
anticipate,adapt, and actFor example:

t20&RFY LyadAaddziS F2NI / EAYFGES LYLIF OG wS&aSIk N

YR 1©Opidciwell G SaQ



ApplyingPlanetary Boundarie$ Sustainable Investment Institute

1 Thesize of theprize: $10n in annual business
valueis expected from transitioning the global
SO2y2Ye (RRBAWKDS@NB G|

1 Sectoral upside$4.5tn economic opportunity
in the transition to a circular econondy.

9. A growing range of public frameworks and open
source datasets exist to helpcorporates and
investors navigate this transition and achieve a
better understanding of planetary boundaries.
Crucially,some of these technical frameworks are
free to access and help fill the precise analytical gaps
that current regulation is unable to address. By
leveraging mechanisms like the Earth System Impact
(ESI) Score &'GFS scenaripmvestors can translate
abstract macreecological limits into highly precise,
actionable investment metricdt is in this context
that we are also seeing proprietary approaches from
investors and corporates emerge to integrate
planetaryboundary considerations into investment
processesportfolio construction, risk management,
stewardship activities, and capitallocation
decisions.This empowers assaiwners and asset
managers to benchmark the true biophysical
intensity of different investments structurally
identifying those companies and assetslriving
critical boundary transgressionsersus solution
providers and transition leaders operating within the
Earth's carrying capacity.

10.While the scale of the challenge ahead is
unprecedented, governing our return to a safe
operating space remains fundamentally possible.
The 1987 Montreal Protocol stands as the ultimate
proof: combining unequivocal science with decisive
global policy and industrial innovation, we
successfully placed a critical planetary boundary,
Stratospheric Ozone Depletignon the path to
recovery. By embracing planetary boundaries
science and integrating it into strategic and
operational decisionmaking, corporates and
investors can transition from managing existential
risks to leading the multirillion-dollar realignment
toward a more resilient, naturpositive global
economy.

sal 26 G2 dzyf 201

Ta/ ANDdzZ I NJ 902y 2Ye | YR

Pmn dld2 HMNARX @S 20/NITWRAG XKySe 3 [ 200MMBR 902y 2 YA O C2 NUzY
{dzadrAylroAtAGess

Recommendations for investors

_The investor community has a vital role to play in this

g’?’obal realignment Investorscanadopt a multifaceted
approach to capitalisen opportunitiesby:

1. Building capability through tools, data, and cross
disciplinary expertise to translate planetary
boundary science into investment insightand
improved understanding of market demand shifts

2. Mapping exposure across planetary boundaries,
geographies, sectors, assets, and time horizons to
identify material risks and opportunities.

Assessing and rring risks and opportunitiesby
embedding planetary boundary exposurésto
valuatiors, scenario analysis, funding decisions, and
performance metrics.

4. Shapngportfolio strategythrough asset allocation,
portfolio construction, and risk management
aligned to Earth system resilience.

5. Engaing portfolio companies to strengthen
disclosure, governance, operational resilience, and
strategic decisiormaking.

6. Influenang the wider system through policy
engagement, market signalling, collaboration, and
thought leadershipand bysupporting the scaling of
transition and adaptation technologies.

OHNHRII
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1 Introduction

1.1 What are planetary boundaries and why do they matter?

At least$58tnof global economic value generatias at risk from planetary boundary
breaches Corporates and investors need to adoptmore holistic methodology to
understandplanetary healthand environmental risksbeyond GHGemissionsalone.

Resilience and longerm growth prospect®f the global
economy rey on the stabilityand healthof our planet
In 2009, theStockholm Resilience Centréed by Johan
Rockstrom, introduced thePlanetary Boundaries
Framework, which constitutesa paradigm shift in how
we understand environmental riskand the various
interdependenciesin 9 | NJXickn@piex and deeply
intertwined systens. Tre framework moves beyond
general sustainability concepts to providesaience
based,quantitative assessment of the "safe operating
space" for humanity. It identife nine criticalglobal

Figure2. Thenine criticalglobalprocesseg2025?

Primary scale
of impact
System type

Local

Site-specific operational risks

Land-System Change

Physical Base

Land & water Deforestation, site footprint

Microplastics, toxins, forever chemicals (PFAS)

Chemical Flows Novel Entities

Inputs & waste

Planetary Shield Atmospheric Aerosols

Air & atmospheric layers Smog, haze, air quality

The nine critical global processes areinherently
interconnected (see Chapter 2and can be broadly
categorised based on (a) thedtystem type(physical
base, chemicaflows, planetary shield)and (b) their
most prominent geospatial impastale(local, regional,
global). Figure 2 above sets outthe nine global
processes within these categoriel is important to
note theabove constitutesnerelya simplified overview
for the purpose of intuitive basic understanding the

Freshwater Change

Water scarcity, watershed health

Biogeochemical Flows

Stratospheric Ozone

processes that regulate the stability and resilience of
our planet, defining the thresholds which, if crossed,
could generate unacceptable environmental change.

For investors and corporates, ghnine critical global

processesand their planetary boundariesonstitute a

critical evolution in how environmental riskaust be

assesse@nd value creation opportunities realiséd a

global market that is increasingly volatile and
challenging to predict.

Global

Macrostrategic risks

Regional

Localised supply chain risks

Biosphere Integrity

Genetic diversity loss, Extinction

Ocean Acidification

Nitrogen & Phosphorus Global marine chemistry shift

Climate Change

UV radiation shield Global warming, atmospheric heat trapping

critical global processes For instance, while Novel
Entities do indeed predominantly affect the ecosystem
at a local level, plastic pollution often has more
widespread effects, as materials and toxins spread
regionally (even globally) through freshwater and
oceanic

channels.

8 Baringa analysis based 8tockholm Resilience Centiad Potsdam Institute for Climate Impact Research (2025)

100f91
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While the global focus on Net Zeremainsessential, a
merefocus on carbon emissions risksscuringoroader
systemic threats. ThPlanetaryBoundariesFramework
demonstraesthat climate stability cannot be achieved
if other boundariessuch aBiospherelntegrity orLand
SystemChange are breached.

Therefore, © avoid the underestimation and
misrepresentation of risks, meaningful environmental
assessmentsust go beyondreenhousegas emissions.
Furthermore, data needs to be examined through a

geographic andsectorspecific lens, as planetary
boundarybasedrisks andheir implicationsare likely to
manifest differenty across differentlocatiors and
economic activies Withoutthe consideration of these
factors decisions on strateg operatims, andcapital
allocation are made with an incomplete picture of
physical and transition risk&lltimately, thesecanlead

to significant risks and damagsour planet, societies,
and businessefseeFigure3).

Figure3. Risks and dmages caused by deteriorating planetary boundafies

Impacted area | Manifested risks (non-exhaustive)

Example impact

Planet ¢ Extreme weather events ¢ Biodiversity loss $320bn — global physical damages caused by

. (floods, droughts, etc.) * Air pollution natural disasters in 2024

@ * Ocean acidification * Plastic pollution 6% of global GDP — global annual health
damages associated with air pollution

People * Mass migration * Inequality amplification  up to 1.2bn people — displaced globally by 2050

o0 * Health crises * Labour & productivity due to ecological threats & instability

m * Social & political unrest loss 500bn labour hours — lost globally in 2022 due

to heat exposure (est.)

Supply shocks .
Commodity volatility
Regulatory uncertainty ¢

Businesses .

» Z

capital flight

Stranded assets &

Climate litigation

$550bn — direct economic losses caused by
floods and droughts in 2024

50% of global GDP — at risk from planetary
boundary breaches

Addressing planetary boundary risks requires a shift in
analytical resolution. Higlevel averages ofteignore

or misrepresent specificities in given pldoased or
economicactivity contexts To effectively address risks

and opportunities, corporates and investors need to
assess exposure in a locatispecific manner, at the
sector andasset level, and bgaying specific attention
to the most acute and timeritical factos.

Figure4. Keyrequirementsfor effective exposure assessmemtf planetary boundary risk¥

Location-specific

4

Sector- and asset-based

Time-dependent

Understanding and mitigating against
planetary boundary risks needs
consideration of local conditions

Estimating influence on and exposure to
planetary boundary risks requires looking
at the specific sectors of operation and
activities carried out

X

Ensuring long-term resilience and value
generation requires mitigation of the
most acute planetary boundary risks first

v v

v

9 ¢Global Water Monitaf, Australian National Universif2025) dNature Risk AnalygisWWFet al.(2029;a b | G dzZNJ f 5 A BUn&hiR&@ NJ CA 3 dzNB
(2025)6 Dt 26+ £ . dzNJVoyid BAK2083363950 25t S 3 A O €, IeskitiidSfor Econodics & Pea@0B) 6 / 2 dzy ( R26y 2y | St
and Climate ChangeThe Lancet2023)

10 Doing business with Planetary Boundagies { (12 O1 K2 f Y (2034 BatingSayiayss / Sy (i NB
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1.2 About this report

Understandingplanetary boundaries is no longer an
academic exerciséut a core prerequisite foreffective
risk management, strategic decisiormaking and
resilient, longterm value creation To help corporates
and investors navigate ik increasingly complex
environment, this reporfocuseson three questions

1. Whatisthe PlanetaryBoundariesFramework?

i.  What arethe nine critical global processes,
how do they work and what are their
planetary boundarie®

ii. How arethe severity and materiality of
planetary boundarieslependent on location
sector, and temporal factor?

2. Where areplanetary boundaries usefu?

i.  What areexamples of acute and chronic risks
faced by businesses, investors, and society?

ii. How areplanetary boundarie covered under
existingor evolvingrules and regulations?

iii. Whatdobusinesses stand to gain from better
integrating planetary boundariesnto their
strategies and decisiemaking processés

3. What should corporates and investors do?

i.  What tools and methodologies exist to help
businesses unlock value from better
planetary boundaryntegration?

ii.  What role should investorsplay to support
their portfolios and drive greater ecosystem
change
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2 Thescience andnterconnections

2.1 The nine planetary boundaries and their trajectory to 2050

The healthof our planet depends orthe status ofthe nine critical globalprocesses
seven of whichhave crossed their safe operating spad®@irther deterioration is
likely unlessdecisive action is taketo avoidirreversibledamage toour planet,

people and businesss.

The nine planetary boundaries

The PlanetaryBoundariesFramework, first introduced

in 2009 bythe Stockholm Resilience Centrautlines
guantitative thresholdgor ninecritical global processes
important to sustain human social and economic
prospeity. These boundaries demarcate thesafe
operating space" for humanityand are based on the
intrinsic biophysical processes that regulate the stability
of the Earth system.

As a laseline the framework aims tensurethe Earth
staysin alignment withthe sameplanetary conditions
during the Holocene epoch This isthe interglacial
period of the last12,000 years, whicleonstitutesthe
only environmental state we know that can support
contemporary civiiation.

More recently, diven by intensifying industrialctivity,
accelerating resource consumption, and rapid
population growth humanityQ eole has shifted froma
mere inhabitant to the dominant geological and
biological forceshaping the Earth systenihis new
"Anthropocene" eras frequently described as the end
of the stable Holocene and the beginning of a new, likely
less stablglanetarystate.

ThePlanetaryBoundariesframeworkanalyseghe nine
global change process&ghere human activities affect
Earth system functioningHgure 5 below outlines the
descriptionfor each of theesystemsas well aghe key
measurements by which tlreboundariesare assessed
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Figureb. The 9planetary boundaries Critical global process descriptions and planetary boundary measureménts

Process

&

T4

@ Climate Change

>

Description

Human activities that disrupt Earth's energy
balance, primarilythrough greenhouse gas
emissions

Planetary boundary control variables

-

Concentration of CO,in the atmosphere

Extraamountof the sun’s heat that is trapped because of human activities

@& Biosphere Integrity

The loss of species, ecosystems, and ecological
functions that sustain and regulate the overall state
of the Earth

Rate at which species are going extinct (genetic diversity)

Energy extracted from nature through harvesting, hunting and fishing (functional
integrity)

@@ Land-System Change

The transformation of forests, grasslands, and other
naturalareas through land use and other human
actions

Share of original forest cover remainingacross global, tropical, temperate, and boreal
biomes

@ Freshwater Change

The alteration of the freshwater dynamics that
regulate climate, maintain ecosystems, and support
fundamental living conditions

Land area experiencing deviations in streamflow from pre-industrial baseline (blue water)

Root zone soil moisture deviation from pre-industrial baseline (green water)

Biogeochemical
Flows

The disruption of nutrientcycles, particularly
Phosphorus (P) and Nitrogen (N}, thatregulate soil
fertility water ecosystem health

Amountof P flowing from land into freshwater systems and oceans
Amountof N introduced by humans, e.g. in fertilizers and through fossil fuel combustion

of

@ Ocean Acidification

The reduction in ocean pH levels caused by
increasing carbon dioxide absorption

Aragonite saturation state of surface seawater, a measure of how easily marine
organisms can build shells and skeletons from calcium carbonate

»~ | Atmospheric Aerosol
Loading

The concentration of fine particles (like soot, dust,
and sulphates) suspendedin the air that affect
climate and human health

Difference in Aerosol Optical Depth (measuringhow much sunlightis scattered or
absorbed by particles in the atmosphere) between Northern and Southern hemispheres

- Stratospheric Ozone
/7N Depletion

The thinning of the protective ozone layer that
shields the Earth from harmful ultravioletradiation

Globalmean stratosphericozone concentration(O;) in the upperatmosphere

Novel Entities

The introduction of synthetic chemicals, plastics,
and other human-made materialsinto Earth’s
systems

Percentage of untested chemicalsin use worldwide

11 Stockholm Resilience Centre (2025)
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Current status of the planetary boundaries

As of 2025, seven of the nine boundaries have crossed
their safe operating space thresholdOnly Ozone
Depletion andAerosolLoading are considered safe on a
global level,although it is worth pointing out that
regionaldivergencs in these measures exist, meaning

Figure6. The 9planetary boundaries Current status?

CLIMATE CHANGE

CO2
concentration

BIOSPHERE

INTEGRITY STRATOSPHERIC OZONE

DEPLETION

ATMOSPHERIC
AEROSOL

LAND-SYSTEM LOADING

CHANGE

.
" Freshwater use

(Blue water)
” Green

water
OCEAN

ACIDIFICATION
FRESHWATER CHANGE

BIOGEOCHEMICAL
FLOWS

ﬁﬁﬁiE
D

While this highlevel overview presenta stark picture
on its own it is worthwhile having a closer look at
specific examples akallife impacts andmplications of
the transgressed status efriousplanetaryboundaries

1 ClimateChange:At the rate of current policieand
climate action, Brth is on a trajectory for a
temperature increase oR.5°C by the end of the
century, far exceeding the 1°Glimit aspiredby the
Paris Agreemento avoid the most catastrophic
climate consequence$® Such increases in
temperature would likelymelt the West Antarctic

12 Stockholm Resilience Centre (2025)

that evensafe boundaries likéerosolLoadingcan pose
considerable risks on a local level, ega result of high
air pollution in urban areas in Souffast Asia(see
chapter 3 for more detail)

Boundary Global status (as of 2025)

Ocean Acidification Increasing risk

Atmospheric Aerosol
Loading

Climate Change High risk
Biosphere Integrity Critical
Land-System Change High risk
Freshwater Change High risk
@ Biogeochemical Flows Critical
=

Within safe operating space

Stratospheric Ozone

Depletion Within safe operating space

)

Novel Entities Critical

=

Within safe operating spacefhe boundary is ithin the Holocendike baselinewith low risk of systemic feedback
Increasing riskThe boundary &s breached the safe limivith growing negativémpactsacross the ecosystem
High risk:The boundary is significantisansgressedncreasing thdikelihood of triggering irreversible tipping points
Critical: The boundary is fundamentallyestabilised on @loballevel, posing a high riséf tipping pointbreaches.

and Greenland ice sheets, potentially causing sea

levels to rise by several meters and placing land

currently home to300 million people below the
annual flood lineby 20504

Biosphere Integrity: In Europe, nearly 80% of
natural habitats are currently irgpooré 2 NJ a6 | R§
condition, and 1 in 10 species of bees and butterflies

is threatened with extinctionendangeringd 22bn

BEg I NAY3IE . asS |/ | TaiSdomsiderslfuN@reeahbusedGmsissions)from energy, industry, agriculture, and land use change &
forestry, and is informed by the outcome of the latest climate policies, pledges, and their deliverability
4 Climate Action Tracker Emissions Pathways (2025); AR6 Synthesis Report, IPCC (2023)
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in annual economic value provided by insect threatening the global shellfish industry anébod
pollination to European agriculture aloné security of ~3bn peoplewho rely on fishas their
1 LandSystem ChangetO million hectares of forest primary source oprotein.™®
cover is lost annuallgroughly equivalent tahe size 1 Atmospheric Aerosol Loadindespitebeingwithin
of South Korep acting aghe primary driver ofl safe operating space, irapollution is now the
million animals and plahspecies being threatened g2NI RQa fSIRAYy3 Syw@hidRyYSy(
with extinction.1® estimated economic cost 0of$8.1tn annually. In

South Asiafor instance,aerosolcloudscan reduce
sunlight reaching the surface by up to 15%,
significantly cutting agricultural yieldS.

1 Freshwater Changéviore than 170 million hectares
of irrigated cropland nearly five times the land area
of Japan- are under "high" or "very high" water
stress, and economic damage from land 1 Stratospheric Ozone DepletionWhile the ozone

degradation, groundwater depletion and climate layer is on track to recover by 2066 thanks to
change amounts to more than $3060 a year unprecedented global cooperation under the
worldwide.r” Montreal Protocoin 1987 a failure to maintain this

boundary would have resulted in an estimat@d
million additional cases of skin canceglobally
every year!

1 Biogeochemical Flow®©ver$200bn is lost annually
in potential crop valuedue to the inefficient use of
Nitrogen, while nutrient runoff has created over 400
"dead zones" globally, covering a combined area  § Novel Entities:It is estimatel that 19-23 million
larger than the United Kingdors. tonnes of plastic waste(the equivalent ofover

700,000 garbage truckoadg leaks into aquatic

ecosystemson an annual basjspolluting lakes,

rivers and sea%

1 Ocean Acidification: Since the beginning of
industrialisation the acidity of surface ocean waters
has increased by 30%, a rate of change 10 times
faster than any seen in the last 65 million years,

15 Nature Restoration Regulation Factsheet, European Commisxians)(

BGC2N) 6KS C2NBadaé rUNFANFdesty NR202%).2 dzy RIF G A 2y

aDf 26t 2} (i SUMited MafiohsNidstitdte @eViaker, Environment, and He4B26)

By SSLIAY I ¢ NI O] 27F h QSESCOIln&igdvermhentayOReadoraplicCorSriissian (2024)

19 USNational Oceanic and Atmospheric Administration (202EBL9)

g¢KS /2alb 2F AN t2ftdziAaz2yés 22NIR .Fy]l OHAHHD

26{ OASYGAFAO ' aaSaayYSyd 2F hiz2y$S 53LIaFEMyY &3 y2CRSNE) Ry AaaS| (8S 2 NBRIABRIGARO |ofe  LiyK
et al, Photochemistry and Photobiolog2013)

224 fatistics of plastic pollutiod ®N Environment Programme (2022)
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Info box: Physicakipping points®

Defining the point of no return: Physicaltipping points are critical thresholds withiour planetarysystem where a
relativdy small change iexternal conditiongsuch as a slight temperaturecreasé can trigger a large, ndimear, and
often irreversible shift in the state of the system. Unlike gradual chaimgefimate which scale roughly linearly witll‘

emissions, tipping points represent a structural reorgation of an entire system. Once a tipping point is crossed, the
system enters a sefferpetuating feedback loop that drives the change independently of the original human driver

For example, aArctic permafrostthaws, it releases methaneausngfurther warming and thawinghuscreating a cycle
that persistseven if humanrcaused GH@missions were to stop immediately.

Consequences afrossingthresholds When a tipping point idreached, the impacts are often abrupt and cascadifg.
"Tipping elements™ largescale components of the Earth system like themazon rainforesf the West Antarctic Ice
Sheet or the Atlantic Meridional Overturning CirculatiofAMOC)- can shift from acting as climate stakdlis to
becoming destab#ers.Furthermore, he crossing of one tipping point increases the likelihood of otheisg triggered
potentially causing &ipping cascade".

For instance, the rapid melting 8 NBE Sy f | v R @hjectsaddiftonadwitér $hid the North Atlantic, which can slov
down the AMOCThis slowdown, in turn, can alter rainfall patterns over the Amazon, pushing the rainforest closerjto its
own tipping point Such cascades threaten to move the Earth system out of the stable Holocenarstatisk causing
irreversible systemic damage to planet, people, and businesses

Relation to planetary boundaries Tipping pointsare intimately linked to thePlanetaryBoundariesFramework. The
boundaries themselvescientifically establisthe safe operating spacdefined to keep humanitin a state of low risk o
negative systemic feedbacnce a boundary is transgressed.g.the current breach of the Climate Change bounddry
6F0d dnwun LIV / hi @& ditdigoiScanilindeéasesha sk di actvatingdigping elelnavits.

Recent assessments indicate that at current warming levels (~1.2°C to 1.4°C), we are already enthiggigiezone
for five major tipping points, including the collapsevedrm-water coral reefs the abrupt thaw ofboreal permafrost
the Greenlandand West Atlantidgce shees collapse,andthe Labrador Sea and Subpolar Gyre Circulation coll@psee
further we push beyond the planetary boundaries, the higher the probability of triggering these irreversible $hifts,
effectively handing over control of the planet's future climate from human hands to natural feedback mechanisms.

Aftermath ofawildfire in Colorado,"USA

Future scenarios

Scenario analysis conducted in 282indicates the growth and technological developmentesults in
further degradation of seven of the eight assessed further transgression for most indicator©nly in an
planetary boundaries by 2050 in a base case scepario  improvedscenario, entailindnigher resource efficiency,
assuming no considerable changes from current societal  lower population growth, andmproved technological
trends. An alternative adverse casescenario, with development can the expected degradation @host
increasing regional competition and slowing economic planetary boundaries be counteracted.

Byt fLySGlrNE | SFHEGK / KSO1l Hnupé FYyR attrhySiFNE |1 SHfGK / fo0bhateH nuné oYl
LYLI OG0 wS&ASINDK O6HAHPIE HAHNOT G9FNIK .S&2yR {AE 2F.bAyS tflySdlFNe . 32
ZGOELX 2NAY I LI GKglk&a F2N 62NI R REDSred eodiBafuie (2026)0 KAy LI I ySGlF NBE 62dzyRI NA
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Figure?7. The 9planetary boundaries Future scenarios for 2059

Boundary

2025: Current status

2050: Adverse case

2050: Base case

2050: Improved case

Substantial transgression,

Further transgression, due

Slight improvements, but

@@L Climate Change High risk driven by regional rivalry to insufficient continued transgression
and fossil reliance decarbonisation and inertia due to system inertia
. Severe decline due to rapid Further deterioration as Remains transgressed
Biosphere .. . . . h .
Integrit Critical deforestation and land use and climate despite restoration, given
ER fragmented protection pressures intensify lag effects
Land-System Significant deterioration Worsened status due to Improvements to at least
Chan .: High risk driven by food insecurity agricultural expansion and 2015 levels thanks to
g and clearing bioenergy demand dietary shifts
Severe water scarcity Global deterioration due to Rapid improvement via
Freshwater . . ) . . . . L
Change High risk driven by inefficiency and rising demand and climate water efficiency and waste
lack of cooperation shifts reduction
Biogeochemical Continued worsening as Remains in critical-risk zone Remains transgressed, as
@ g Critical inefficient agriculture drives efficiency gains are offset

Flows

critical nutrient runoff

due to fertilizer overuse

by legacy loads

Ocean
Acidification

&)

Increasing risk

Severe deterioration as high
emissions remain
unaddressed by global policy

Worsening in lockstep with
rising atmospheric CO»
concentrations

Some stabilisation amid
continued risk due to slow
ocean response

@I Atmospheric
Aerosol Loading

Within safe operating

space

Regional pollution spikes
due to weak environmental
regulation

Global improvements
thanks to combustion
engines and coal phase-outs

Further improvement from
clean energy and air quality
mandates

— Stratospheric
Ozone Depletion

Pl

Within safe operating

space

Relative stability as
Montreal Protocol largely
holds

Continued recovery thanks
to effective Montreal
Protocol implementation

Enhanced recovery path
towards full restoration

Novel Entities

Critical

Not assessed

Notes on 2050 scenarios

The scenarios are built based on three of ti#hared Socioeconomic Pathways" (SSP) scenarios from@bé&s IBixth
Assessment Report, wikupplementarypolicy assumptionsicluded under the improved case

1 Base caseBased on SSP2, tlsisenario assumes current so@oonomic trends continue with moderate population
growth and uneven development, leading to a worsening of most environmental pressures by 2050 due to

insufficient structural change.

1 Adverse caseBased on SSP8is scenario anticipates a resurgence of nationalism and conflict where countries
prioritise security over sustainability, resulting isubstantial environmental degradation and the critical

transgression of multiple boundaries.

1 Improved caseBased on SSP1 and additional policy action, this scepantbines ambitious interventionge.g.
improvedhealth diets,50% reduction irfood waste, and improving water efficierjdp achieve aeturn of several

boundaries to 2015 levels or better.

Seven of the nine planetary boundaries have already
transgressed their safe operating space, with scenario
analysis projecting further degradation by 2050 under
current trends unless decisive and coordinated action is
taken This trajectory poses inevitable physical and
transition risks for corporates and investors, as the
environmental stability that underpins the global
economy is increasingly compromiseahd is likely to

25 Baringa analysis &tockholm Resilience Centre (2025), PIK Potsdam (20253, @rid L 2 N&A y 3 LJ-
b I G dzNB

02dzyRFNAS&ESY Iy +dzdzNBy Si |t oz

cause political, social, and econordisruptions Even in
the improved case scenariplanetary boundaryrisks
persist andc irrespective of the future casethese risks
do not manifest in isolation; the deterioration of one
boundary frequently accelerates the breach of others,
creating complex webs of interdependency that define
the true scale of the challengeas the next section
outlines

GKgl &3
OHNHPOU
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2.2 Planetary boundary interdependencies

The Planetary Boundaries Framework reveals that
environmental risks are rarely isolated eventsstead,
they operate as a compleand interconnected web
where the transgression of one boundary frequently
accelerates the destalshtion of others.

For instance, LandSystem Change (e.gthrough
deforestation) directly exacerbates Climate Change by
releasing stored carbon, which in turn intensifies
Freshwater Change by disrupting precipitation patterns.
This hydrological instability can then degrade Biosphere
Integrity, creating a feedback loopahfurther weakens
the planet's resilience.

Another example ofcritical Earth systeninteractionsis
the connection between Climate Change Ocean
Acidification and Biosphere IntegrityAs the oceans
absorb approximately 25% of all anthropoger@i©
emissions, the resulting chemical shift reduces the

Figure8. Earth systens interconnectivity?®

‘v Primary driver cC BI LsC FC :13 OA AL

@& Climate Change

)| (cC)

Qég Biosphere Integrity
(BI)

Land-System Change
(LSC)

Freshwater Change
(FC)

asSlkél dSNDRa L
fundamentally compromises Biosphere Integrity by
impairing the ability of calcifying organisr(esg.corals
and shellfish to form skeletons, thereby endangering
the health of coral reef ecosystems thaupport an
estimated 25% of all marine species.

For investors and corporates, this means thégk
assessmentdhave to bemulti-system focused, taking
note of the various interdependencie@.e. consider
water, carbon, and biodiversity as interconnected
issue3. A failure to recogrse these cascading effects
can lead to significant underestimations of material risk,
with operational disruptions in one area ofteisking
knockon impacts (e.g. price shocks, supply chain
collapses, or regulatory interventiopis another Figure

8 illustrates the scale of interconnectivity across these
systems witlthe Appendix offering further detail.

oD NE

Strong interconnectivity: Several
material process interdependencies
and system-level impact

Biogeochemical
Flows (BF)

vo| Ocean Acidification
W on

-E‘ ¢| Atmospheric Aerosol
Loading (AL)

— Stratospheric Ozone
2
7N Depletion (OD)

H Novel Entities
e

Moderate interconnectivity: Some
material interdependency, often on a
regional or functional scale

Low interconnectivity:
Interdependency through minor or
secondary impacts

No significant interaction

% F NAYy3Il Fylteara 27

&(sudpleryebtarny méaderials Fotsdarti Kstitit& & Olimate Impapt Research (2025)
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Figure9. Other examples of prominent planetary boundary interdependenciés

The Agricultural Feedback Loop The Aerosol-Monsoon Disruption
@D =
Biogeochemical Fertiliser runoff Atmospheric Smogand air

pollution disrupt
rainfall patterns and
cloud formation

Flows causes algal blooms Aerosol Loading
and eutrophication

& O

. Freshwater Drier rainforestsand Freshwater
Choked aquatic )
X Change disrupted monsoon Change
ecosystems resultin
patternsstress

biosphere degradation forest networks

& &

Biosphere Decaying dead zones Biosphere Reduced biosphere

Integrity release NOx and Integrity integrity decreases Earth’s
methane, accelerating carbon-carrying capacity,
climate change accelerating climate change

Climate Climate

Change Change

Case studyl. The Amazortipping point

The deforestation of the Amazon rainforest serves as a critical example of howSlyateim Change drives Climate
Change and Freshwater Change, with immediate economic repercussions for global agriculture. As trees are cleared for
cattle and soy, the regioloses its ability to recycle water, leading to severe droughts that impact agricultural output far
beyond therainforest itself

In 20232024, a combination of deforestatienduced regional climate shifts and El Nifio caused a historic drought in the
Amazon, rendering major rivers unnavigable and disrupting logistics for mdrttscaused an immediageonomic toll:

Sy vyields in affected areas dropped significantly, with research indicating that deforesthtfi@n heat and drought
caused an estimated $1 billion in losses for Brazilian soy and corn industries between 2006 and 20%9 alone.
Furthermore these extreme weather conditiorsontributed to global price spikes in coffeecrop for which Brazil is the
world's largest supplierdemonstrating how local ecological tipping points can trigger volatility in global commodity
markets?°

Forest clearing in the Amazon, Bra:z

Z P NRAY3AL Fylrfeara 2F  udplemedtany makerials Botsdarih Kstitut& f8r Glimata Impapt Research (2D25)Y Ay 3 Qa / Sy (i |
for Visualization in Science

28"Agricultural yield losses from deforestatiamduced heatstress”, Nature (2020)

VEENRAAKG Ay GKS 1YIT 2y203)22NI R wSaz2dzNDSa LyadAaddaisS o
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Case study. The Sichuamower crunch

The 2022 drought ithe Southern Chinese region 8ichuan illustrates theirect relationbetween Climate Change,
Freshwater Change, and industrial stabiliBivenSichuaf gelianceon hydropower for over 80% of its electricity, its
energy grids highly vulnerable to hydrological shifts.

In the summer of 2022, an extreme heatwave combined with the lowest rainfall levels in 60 years caused hydropower
generation todecreasédy 50%. To prevent grid collapse, authorities enforced-daypindustrial power cut, forcing major
localmanufacturerso suspend operationd: This event highlighted a criticdidden dependenc@Gobal supply chains

for electric vehicles and electronics waregatively impacteahot by a lack of raw materials, but by a failure of the local
freshwater boundary. The disruption rippled through the economy, with the lack of power affecting everything from
aluminum smelting to solar panel production, serving as a stark warning of how water scarcity can abruptly strand
industrial assets.

= mlWOrld Africa Americas Asia Australia China Europe India Middle East More v ®

China’s worst heat wave on record is crippling
power supplies. How it reacts will impact us all

Case studys. The Caribbeasargassuncrisis

The massive influx girgassum seaweed on Caribbean coastlinesdiset effect of disrupted Biogeochemical Flows
(throughnutrient pollution) interacting wittsystem change incears. While complex factors are at play, nutrient runoff
from agricultural intensification in major river basjtike the Amazon and Mississipjs considered a key driver, feeding
algal blooms that are then transported by ocean currents.

Theseaweed influx has libadamagingeconomic impact on the tourissdependent Caribbean. In 2018 alone, the cost

to clean up rotting seaweed from beaches across the region was estimated at $120 fhillicviexico's Quintana Roo

state, the arrival of sargassum was linked to an 11.6% decrease in gross local product related to tourism between 2016
and 2019% Beyond tourism, the crisis affects nearshore fisheries and damages seagrass habitats, threatening the "blue
economy" that supports millions of livelihoods. This case demonstrates how excess fertilizetarsesinial agriculture
activities inone countrycan destroy value in an entirely different sector (marine tourismther countries

\ . R J ™~ J BN Lg%
. ! g \

04 dza GNF f Al Qa DE Qlimatef Coundil b Alistiiafa &\8&PaGEobal Commodity Insight8)(202
31§The Costof Inactign> 2 2 NI R 902y 2YAO C2NHzY 6HANHNO
21 FGHGSNI NBO2NR { I NHI 4 &8AY RVWE dEEdzR&VCRY ANMWAN K& a{ FIFDSa 6AGK &dzZII2 NI T

BGeKS 902y 2YAO L YLI-AniericantDevilophi@ht Bank @ ¢ = Ly i SNJ
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3 Implications for business, investors, and
society

3.1 Geographic, sectoral, and temporal considerations

Geographic considerations

While the nineplanetary boundariegPBs)provide a Biogeochemical IBws are heavily concentrated in the
critical framework for global stability, relying solely on intensive agricultural zones of the Northern Hemisphere
global averages can be dangerously misleading for (specifically in theUS, Europe, Chinaand India),
investors and corporates. Many boundarispecifically creating large-scale coastal dead zones, while large
Freshwater Change, Biosphere Integrity, L-&ydtem parts of Africa remain nutriendeficient.

Change, and Biogeochemical Flow® not operate 1 AsiaPacific. APAC faces the most complex

uniformly across the planet. convergence oplanetaryboundary transgressions.

A global average might suggest a boundary is "safa" Rapid industriatiation and intensive agriculture
macrolevel masking acuteegionaltransgressionsit a have driven Atmospheric Aerosol Loading and
local levelthat poses immediate operational risks. For Biogeochemical Flows into higisk zones,
instance, whileAtmospheric Aerosol Loading is globally particularly in India and China. Freshwater Change
within safe limitsurban pollution oversignificant parts is critical, withice sheets in thédimalayas melting

of Asia andAfrica tell a different storycreatingacute and major river systemssuch as theMekong,
risk hotspots thatthe global statusloes notcapture. Ganges, and Yangtze facing severe stress.

) i i i Additionally, the region is a hotspot for Novel
Understanding this geographic nuance is essenfal: . . ) . . .
Entities ,via _ glasuc é)ollutl%)n _in_ maring ., .
0 u.K df 20|

O2YLI yeQa SELIadNB Aad RSTAYSR yY2i . - aul s 2
. environments, creating acute regulatory and
the Earth system, but by the specific health of the local

. , reputational risks fosupply chains.
ecosystemsand marketswvhere its assets and suppliers
operate. 1 Africa & Middle East:The primary risk herds

Climate Change vulnerabiligs a result oéxtreme
heat This also exacerbateBreshwater Change
issues, withthe Middle Easand North Africathe
most waterstressed region globaf; threatening
operational viability for wateintensive industries.
AcrossAfrica, LaneSystem Change is accelerating
due to agricultural expansion and population
growth, increasing the risk of desertificatiarf the
Sahe] as well asbiodiversity loss, while Aerosol
Loading from biomass burning remains a growing
regional concernespecially in urban areas.

Figure 10 below illustrates the stark regional
divergences in boundary transgression. While Climate
Change and Ocean Acidification are systemic risks that
impact the entire planet relatively evenly (a ton@Be
emissionsn London has the same atmospheric effect as
one in Beijing), other boundaries show distinct regional
patterns.Freshwater Changdor examplegonstitutes a
moderate materiality impact in Europe with summer
drought risks causing, amongst others, water stress in
agriculture, but has a dital impact in North Africa and
the Middle East, where severe water scarcity and hydro
power challenges pose significant riskSimilarly,

“gaARRES 9 ad  IngrRatidna WaieK Mahagdiderd InstitEi@026)
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Europeand North America:These regions bear the
historical weight of Climate Changé&hrough
cumulative historic emission$ and Novel Entities
(chemical production). The primary local
transgression is Biogeochemical Flows, where
decades of intensive fertilizer use have saturated
soils and waterways, leading to strict regulatory
crackdowns economic losses, as well as political
and social tension, arguably most aptly exemplified
by the Dutch énitrogen crisi®. While Aerosol
Loading and Ozone Depletion are largely managed,
Biosphere Integrity remains degraded due to leng
standing land conversion and urbaation.

1 Central & South AmericaThis region is central to

global Biosphere Integrity and La®ystem
Change.Most crucially, he Amazon Rainforest is
approaching a critical tipping point where
deforestation and climate change could trigger a
dieback, shifting the biome from a carbon sink to a
source. This pose®ne of the most material
systemic riskto global climate stability and a direct
physical risk to regional agriculture.§.via altered
rainfall patterns). Extractive industries also face
high risks related to Freshwater Changel awovel
Entities in numerous sensitive biodiversity
hotspots.

Case studyt. The Panamaanal drought

In 20232024, the Panama Canal Authority faced its worst drought since records began i TeB@ered by El Nifio
and exacerbated by longrm Climate Change and shifting rainfall patterns, the water levels in Gatun Lake, which feeds
the canal's locks, dropped to critical levels.

The Authority was forced to slash daily transits by nearly 40% (from ~36 to ~24 vessels per day) and impose strict draft
restrictions, forcing ships to carry less cargo. In addition to the material financial implications for the Panama Canal
Authority, with anestimated revenue loss of between $500@00mfor FY 2024, the incident created a global shipping
bottleneck. Ultimately, thislelayed billions of dollars in goods and foezl vessels to take longer, more carbeintensive

routes around Cape Horn or Suéz

The Panama Canal drought thus illustrates the material collision of Freshwater Change (local scarcity) and Climate Change
(global driver), and demonstrates how the transgression of a local boundary (freshwater availability in Panama) can
instantly cascadeto a macreeconomic shock for global trade infrastructure.

BEGbAGNRIASY 21 NBRY 126 GKS b &ikeSrNHurbpgdr dourh@28. 6 KS [AYAla (2 DNBgGK
¥E5NRdZAKG O2dZA R YIS GKS tIylFYlF /(®¢3t AYLI&&lofSés 22NIR 902y2YA0 C2
A5NRBdzAKG 6Aff Odzi t Iyl Yl /éNgwsroomRBGhEP2HS o6& dzZl) 2 bPtnn YAfEAZ2YS



ApplyingPlanetary Boundarie$ Sustainable Investment Institute

Figure10. Geographic overview oPlanetary boundarymateriality®

4

Planetary Boundary Asia-Pacific Africa & Middle East

Climate Change

Biosphere
Integrity

Land-System
Change

Freshwater
Change

Biogeochemical
Flows

Ocean
Acidification

Atmospheric
Aerosol Loading

Stratospheric

Ozone Depletion

Novel Entities

Extreme typhoans, rising sea levels
threatening megacities, and heat
stress

Habitat loss in SE Asia (palm
oil/logging); coral reef collapse

Rapid conversion of forests to
agricultural land and expanding
urban footprints

Groundwater depletion in
India/China; pollution of major
river systems

Massive fertilizer overuse in

intensive agriculture (China/India)
causing water pollution

Destruction of coral reefs (Coral
Triangle, Great Barrier Reef)
affecting tourism/fishing

Strong pollution over South and
East Asia (India/China) affecting
monsoons and health

Safe

Major source of ocean plastic

leakage; rapid industrialisation with
limited regulation

Extreme drought, desertification,
and unliveable heat thresholds

Poaching threats; loss of
megafauna habitat; desertification

Expansion of agriculture into
savannahs and forests; soil
degradation.

Severe physical water scarcity in

MENA region; drought affecting
hydro power

Generally nutrient-poor soils; lack
of access to fertilizers in many
areas

Impact on Red Sea reefs and
coastal fisheries dependent on
calcifying organisms.

Dust storms combined with urban
pollution (Cairo, Lagos); biomass
burning

Safe

E-waste dumping ground; lack of

infrastructure to manage imported

plastic/chemical waste

Europe

North America

Central & South America

Heatwaves affecting
health/productivity; flood risks in
Northern/Central regions

High loss of farmland biodiversity;
intensive land use reducing wild
spaces

Land effectively "locked in"; focus
on restoration / rewilding

Summer droughts increasing in
Southern/Western Europe; water
stress in agriculture

Histaric oversaturation of sails;
strict regulation now attempting to
reverse damage

North Atlantic ecosystems shifting;
threat to cold-water corals.

Generally good, though some
urban centres in Eastern Europe
struggle with smog

Safe
(monitoring ongoing but no
immediate crisis)
High chemical production but

strictest global regulations
(REACH); export of waste issues

Increasing frequency of wildfires,
hurricanes (Gulf Coast), and heat
domes

Habitat fragmentation due to
urbanisation; loss of insect
populations

Urban sprawl consuming arable
land; forestry management issues

Critical scarcity in Western US
(Colorado River); groundwater
depletion in aquifers

Nutrient runoff creating "Dead

Zones" (e.g. in Gulf of Mexico);
algal blooms

Shellfish industry threatened in
Pacific Northwest; impact on cold-
water ecosystems.

Generally good air quality due to
regulation; seasonal spikes from
wildfire smoke

Safe

High per-capita plastic waste
generation; PFAS contamination

Glacial retreat (Andes), changing
rain patterns affecting agriculture

Rapid loss in the Amazon and
Cerrado; highest global decline in
species

Deforestation of the Amazon
rainforest (global tipping point)

Generally abundant, but localized
scarcity (e.g., Chile, Mexico) and
pollution

Increasing fertilizer use for export
crops (soy) affecting river basins.

Impact on Caribbean reefs and
fisheries; Southern Ocean
saturation.

Urban smog in megacities (Mexico
City, S3o Paulo); biomass burning
smoke

Southern tip (Chile/Argentina) still
periodically affected by the
Antarctic ozone hole

Pesticide usage in agriculture;
waste management infrastructure

gaps

Low risk / impact: Within safe
operating space or improving.

High risk / impact: Significant pressure; visible
negative economic and social impacts.

Moderate risk / impact: Issues exist
but are managed or localised.

Critical risk / impact: Boundary is transgressed,
leading to immediate systemic feedback or failure.

Key:

38 Baringa analysis of numerous scientific and themasourcesand organisationse.g.Basel Action Networl§ood and Agriculture Organization of the United Nations, Intergovernmental Panel on Climate Change
UN Convention toCombat Desertification UN Environmental Programme, World Baiwiprld Health OrganizatioWVorld Meteorological Organization, id Resourcednstitute, WWHF see Bibliography for a full
list of sources
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Info box: Implications forglobalbusinesses

For corporates with a multinational footprint, the geographic considerations of planetary boundaries create three
distinct challenges.

1. Operational discontinuity: For exanple, afactory in a watesstressed basin (e.g. Mexico City or Chennai) faces
physical shutdown risks that a competitor in a watih region does not, even if both operate in the same sectpr.

2. Supplychain choke points: Many commodities are sourced from specific hotspots. For example, 80% of the vlorld‘s
almonds are grown in drougigrone Californiagubject toFreshwater Changasks, and significant semiconductgr
manufacturing is concentrated in watstressed Taiwan, creating single points of failure for global value chaings.

3. Regulatoryfragmentation: Companies must navigate a patchwork of environmental |&®es.instance, @hemical|
banned as a "Novel Entity" in the EU might be legal in Asia, creating compliance complexéyent timesand
liability risksasglobal standards tighteand regulatory harmonisation acceleratisthe future

Reminder: Keyequirementsfor effective exposure assessmentgénetary boundary risks

Location-specific Sector- and asset-based Time-dependent

v s

1| Estimating influence on and exposure to
: planetary boundary risks requires looking
| at the specific sectors of operation and
activities carried out

v v v

Ensuring long-term resilience and value
generation requires mitigation of the
most acute planetary boundary risks first

Understanding and mitigating against
planetary boundary risks needs
cansideration of local conditions

Sectoral& business activity considerations

While the nineplanetary boundariesepresent a single, planet impacts the sectorfifancial materiality) - is
interconnected system, their relevance to businessiis far  critical for investorsand corporates A onesizefits-all
from uniform. Different economic activities act as sustainability approach that (a) focusses solely on

primary drivers for different boundary transgressions, carbon emissionsand (b) assumes all sectors are
just as they face unique risks from those same uniformly exposedo planetary boundariesis likely to
boundaries. For instancethe Energy sector is the fail to capturespecific materiality vulnerabilities.g.

primary driver of Climate Change (via combustion) but  critical water risks in semiconductor manufacturing or
has a negligible direct impact on Biogeochemical Flows.  biodiversity risksn the fashion supply chain.
Conversely, the Agriculture sector is the dominant
driver of Biosphere Integrity loss and Freshwater
Change but is lessentral to Novel Entities compared to
the Manufacturing andchemicakindustiies

As chapter 4urther below lays out, double materiality
assessments (DMAs) are centralquirements under

existing regulationsnfost notably EU CSRIand SFIR
WNAYOALIf ! RESNBS LYLI OGaqQu:
Understanding this "double materiality"how a sector other sustainability regulations the future

impacts the planetifpact materiality) and how the
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Figurell. Double materiality assessment per planetary boundary and se&tor

Key — sectors: Letters within circles

@ Agriculture & Food

® Energy

@ Construction / Built Environment

Critical

@ Manufacturing & Chemicals

@ Transportation

High
@

Key — planetary boundaries: Colours of circles

. Climate Change

. Biosphere Integrity
. Land-System Change

Impact materiality

Moderate
(<)

. Freshwater Change

. Biogeochemical Flows

. Ocean Acidification

Low
m

. Atmospheric Aerosol Depletion

Stratospheric Ozone Depletion

Low Moderate High Critical . Novel Entities

Financial materiality

39 Baringa analysis of numerous scientific and thematic resources and organisitotuing BloombergNEFRZarbon Tracker Initiative, Chatham House, ClientERtthgppean Environment Agendyood and
Agriculture Policy Research InstitutetergovernmentaPanel ondimate Change Intergovernmental ScieneRolicy Platform on Biodiversity and Ecosystem Sendicesnational Energy Agengcinternational
Maritime Organization, Stockholm Resilience Centre, Swiss Re Institute, UN Environmental ProgvamariEconomic Forumsee Bibliography for a full list of sources
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Figurell above maps five key sectors against the nine

planetary boundaries. The-gxis representsimpact

materiality (how much the sector contributes to the

problem), while the jaxis represents financial

materiality (how much the problem threatens the

sector's financial viability)The circles within the matrix
denote thedouble materiality exposure dhe sectors
against theEarth systerm and planetary boundaries
letters within circles specify the sector, whilst th

e

colours of the circles indicate the planetary boundéty.

For example, theositioning of theR I NJ| 0 f dzS
meansthat the Constructior Built Environmensector

is moderately affected by Ocean Acidificatior{since

coastal erosion threatem property value andthe

effective functioning of the Real Estateinsurance
markef), but has a low impact othis particular Earth

system Overall, the analysis uncovers a number

interesting findings.

1 Bottom-left segments (low-moderate impact
materiality / low-moderate financial materialidy

of

Some boundaries are less relevant for certain

sectors. For example, Stratospheric
Depletion is a low risk for Transportation an

Ozone

d

Energy because these sectors do not rely on ozone
depleting substances like refrigerants, nor do they

face direct lossefom a thinnerozonelayer.

1 Bottom-right segments (low-moderate impact
materiality / highecritical financial materiality)in

some cases, a sector may be highly financially
exposed to a boundary it does not directly impact.
For example, Freshwater Change is a critical

financial risk forthe Transportation sector, for

example due to low river levels halting inland

freight on major waterways like theRhine or
ahdaaArdaaAirlliAzr So@Sy

i K2dzaK

consumptive use of water is minimal compared to

Agriculture& Food

1 Topleft segmentghigh-critical impact materiality /
low-moderate financial materiality):Conversely, a
sector

may drive a problem without facing

immediate financial blowback. Ocean Acidification
is driven largely by G@missions from the Energy

sector, yet energy companies face minimal direct
financial loss from dying coral reefs.

Top-right segmentghightcritical impact materiality

/ high-critical financial materiality)These are the
systemic risks where a sector is bathbstantially
exposed andhaving a major impact on boundary
transgression The clearest example ishe
Agriculture & Foodsector acros<limate Change,
Freshwater Change, and Biosphere Integrity. The
sector drives these transgressions through land use
ard Aelmiddioss,while concurrently its financial
model is existentially threatened blgeat stress,
droughts, and pollinator collapse.

From a sectoral leng,/ 9 planetary boundaries fall
within these highrisk segments for Agriculture &
Food 6/ 9 for the Energy sectogand 5/ 9 for
Manufacturing & Chemicals.

From a planetary boundary point of vieWurEarth
systens appearin the critical/critical segment, and
frequently in theother high-risk zones:

i. Climate Changegfeen circles): A high-critical
financial and impact issue for all five sectors,
reflecting its systemic nature.

ii. Freshwater Changdight blue circles): A high
critical materiality for three out of five sectors,
driven by operational dependencies on water
for cooling, cleaning, and irrigation.

iii. Biosphere Integrity dark brown circles): High
critical materiality for three sectorse.g. for
Agriculture and Construction, reflecting the
physical dependency on healthy ecosystems for
landandraw materials

iv. Novel Entities gurple circles): High double
infaterialitt &xsd8ure NeREnergyRahd\g i ulture
& Food, and critical financial and impact
materiality for Manufacturing & Chemicals,
which produces the vast majority of plastics and
synthetic chemicals that are now ubiquitous in
the environment.

40 Please refer to Appendix for supporting commentary on the assessment of each circle in the DMA matrix, as well as teli@edtEiéential

2050 outcomes for each of the principal sectors assessed.
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Info box: Agriculture & Foodector exposureg current state and potential 2050 outcomes

In thecurrent state, the Agriculture & Food sect@acesuniquedouble materialityexposurewith the highesthumberof

Earth systernassessed a8 ONR G A OF £ ¢ | ONRaa AYLI OG YR FAYIYOALEt NI &GS

Agriculture & Food DMA current state

Agriculture & Foodacts as a primary driver cfitical
impact) for5 of 9 planetary boundaries: Climate Changg
Biosphere Integrity, LanBystem Change, Freshwatdr
Change, and Biogeochemical Flows.

High

Impact materiality

Its profound dependency on nature also makes it tije
: most financially exposed with critical financial
materiality for 4 of 9 systems: Climate Change,
Biosphere Integrity, Freshwater Change, and Ocdan
Acidification

Moderate High critical

Financial materiality

While the current stateaises sufficient cause for alarm on its owircumstances are likely to worsen in tB850 base
case scenarigrevisit FigureZ above for more detailymost importantlyfor LandSystem Change and Ocean Acidificatign

Agriculture & Food DMA 2050 basease

Major materiality movements:

1. Deteriorating financial materialitior LandSystem
Changeas agricultural expansion increasesset
and land scarcity risks

High

2. Worsening impact materiality on  Ocean
, Acidification in lockstep with C& emissions
p growingfinancial riskgor fisheriesindustry

act materiality

Imp.
t

3. Continued ozone recoveryeducing phaseut
costs for fumigants

In theadverse case scenaridominated byregional rivalry, the sector faces numerous existential threassdereguled
chemical use destroys soil fertility and Freshwater Change halts production in key breadbaskets.

Agriculture & Food DMA 2050adverse case

Major materiality movements:

1. Unregulated fertilizer overuse creates dead zongs;
financial risk increases due to soil toxicity aqjd
Phosphorus scarcity.

High

2. Aggressive expansion for food securitiand
scarcity and degradation drive asset volatility.

Impact materiality

Moder;

3. Heavy pesticide use pests leads to toxic soil and

increased risks olitigation & market bans.
4.1 2y G Ay dzSR |/ taisedisiiedes ddllalisa| 2 v
Sroderse o e andcriticallyerodesvalue for seafood subector.

Financial materiality
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Info box: Double materialityexposure ofthe Big Tech firms

Big Tech is currently driving one of the fastest expansions of infrastructure in human histoiggl foxelthe boomof
Artificial Intelligence and Machine Learninghile these companies are leaders in renewable energy procurement, their

absolute demand for energy, freshwater (for cooling), and critical minerals (for hardware and batteries) places ifjtense
localsed pressure on specific planetary boundaries.

Big TectDMAC current state

required for Al model training keep their absolute
carbon footprint highly material.

1 Freshwater Changéddyperscalesrequire millions
of litres of water for coolingand areoften located
in waterstressed regions (e.g. Arizona, Spain).

®y0 Semiconductor manufacturing (critical for Nvidia

Apple, Tesla) is extraordinarily watettensive.

High

Impact materlality

oderate

9 Novel Entities: Tech hardware, batteries, and

E ®
° semiconductor fabrication rely heavily on PFAS$,
= & toxic solvents, and heavy metal&urthermore
A3 ¢SOK FTANNAZQ R2daufreftly Y I G S NRYVE' Fagke cregipopsilerapiebal eyaste.

most pronounced across four planetary boundaries: I Biosphere Integrity:The indirect impact is highly
material. The hardwareequiredrelieson intensive

mining for critical minerals (lithium, cobalt, copper
rare earths), often driwg starkhabitat destruction
and biodiversity loss in vulnerable ecosystems.

1 Climate Change:While the Magificent 7 are
leaders in renewable enerdyPAqScope 2), their
Scope 3 emissions (hardware manufacturargd
logistics) and the exponential growth in power

Big TectDMAC future scenarios

In the 2050 base casehe Big Tech sectocan be The 2050 adverse casgcenarioenvisions a severely
expected tosuccessfully navigate the massive resource  fragmented operating environment where unchecked
demands of the Al boom through aggressive innovation  ecological deteriorationwould structurally break Big
and regulatory alignment. To sustain exponental ¢ SOKQ& LIK&@aAOlt ySig2N] go
compute requirements, companiesieed to drive fail to support hypeiscale Al energy demandsis likely

historic investments into nexgeneration clean that extreme weather events trigger catastrophic
baseload power, such as advanced geothermal and systemic blackouts across critical data cenhodes.

small modular nuclear reactors, largely insulating Concurrently, chronic and severe regional water scarcity
themselves from carbon pricing penalties. While would force local governments to permanently ration

absolute freshwater demandwill remain high, the industrial water use, paraing both waterdependent
widespread adoption of closeldop and waterless semiconductor fabrication hubs and data centooling
cooling technologies for hygp-scale data cenesshould systems. Furthermore, a lack of cohesive globgl
prevent critical regional rationing. Furthermore, regulation would likely result in rampant ewaste
tightening global regulationscan be expected to dumping and unregulated chemical pollution, exposing
successfully force the phasmit of highly toxic PFAS in major hardware and battery manufacturers to mullti

semiconductor fabrication, replacing them with circular billion-dollar  retroactive litigation.  Ultimately,
economy models that aggressively recycle battery  geopolitical fragmentation would probably drive
materials and server racks. Although transition risks and  destructive, uncoordinated mining for critical minerals
immense capital expendituresre likely to persist, triggering locaBed habitat collapses and draconiar]
coordinated sustainability strategieshould allow the urban logistical bans thatransform environmental
Magnificent 7 to maintain operational resilience and failures into existential financial risks, permanentl
secue uninterrupted global supply chains. stranding vital technology assets.
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Info box: Implications for global businesses

Corporates with complex value chainsnd/or material business activity acrossultiple sectors and business activities
must review their exposure at sector and assetspecific level in addition to factoring ingeographic considerations
of planetary boundaries

C2NJ SEFYLX ST | GSEGAES O2 YL} yeé QSystein Xhahgd traried yildly degeadirdék ShND

whether it sources leather (high land footpriahd methane emissions) or synthetic fés (high Novel Entitiessk due
to microplastics).

This is in additioto the already established geograptictor: A semiconductor plant facegritical Freshwater Change
risks in aridegions but onlymoderate risks in wateabundant regions.

Reminder: Key requirements for effective exposure assessment of planetary boundary risks

Location-specific Sector- and asset-based Time-dependent

¢ e

Estimating influence on and exposure to 1 . .
. . .~ Ensuring long-term resilience and value
planetary boundary risks requires looking . . e

I generation requires mitigation of the

GEE SDZ?: ;ﬁ;f::(;;srz‘; ;J:;eratlon gng | most acute planetary boundary risks first

Understanding and mitigating against
planetary boundary risks needs
consideration of local conditions

v

Case studyp. Material liabilities A yforebercK SY A &1 f 4 Q

In addition to the damages they cause to the plamdyel Entitiesalsoposes aritical, latent financial risk. For decades,
Chemicalsnanufacturers produced PFA®(ever chemical@in significant quantities, given their mass useverything
from nonstick pans to firefighting foam.

Regulatory and legal actidn the area of PFASas considerably increased in recent yedns2023,one of the largest
global Manufacturing businessegireed topay over $10 billion to settle lawsuitsclaiming its chemicals contaminated
public drinking water systems across the USe $éttlement did not cover personal injury claims or international
liabilities, suggesting the finlgalcosts could be higher.

This case illustrates hothe impact materiality orNovel Entities can transform intosubstantialfinancialmateriality
event g.g. vidlitigation and fines)even decades after the pollutidmasoccurred. It serves as a warning for sectors like
Manufacturing & Chemicals that thedlegedly'safe" release of new substancean serve as onlyteamporary illusion if
safety thresholds are crossed

41"3M Incurs $10.5 Billion Liability for Polluting Waterways with 'Forever Chefi®AlED & BloombergNEF (2024)
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Temporal considerations

While geographic and sectoral lenses rewgbereand
how planetary boundary risks manifest, a temporal lens
reveals when these risks will becomecritical or
irreversible.

Not all boundaries are deteriorating at the same speed.
Climate Change is accelerating, with the 1.5°C threshold
likely to be crossed in the early 2030s, making this the
“critical decade" for actionLand System Change is also
moving towards significant deterioration with critical
ecosystems approaching their tipping poikiven more

deterioration and the highest gency for action In
contrast, Stratospheric Ozone Depletion is on a path to
full recovery by ~2066, proving that coordinated global
governance can reverse even severe transgressions.

For investorsand corporates this distinction is vital
Some risks are sloger)}-moving "chronic"” issuesy{ch as
Ocean Acidification), while others (Novel Entitiésr
instancg are accelerating strongly requiring urgent
mitigation strategies today to avoid unmanageable
liabilitiesin the nearto-medium term

acutely, Freshwater ChangeBiosphere Integrity and
Novel Entities have moved beyond high risk to
immediate systemic crises, with  accelerating

Figure 2 below categorises the nine boundaries by
their speed of deterioration (trend and direction of
travel) and time criticality (urgency of action requijed

Figurel2. Planetary boundarytemporal considerations?

Deterioration
speed (trend)

Time criticality

Boundary e,

Supporting commentary

Delays in decarbonisation rates causing rapid transgression. With CO, levels at ~420
ppm, the 1.5°C threshold is expected to be crossed in the early 2030s, making this the
decisive decade for avoiding irreversible feedbacks.

Climate Change Shorter-term

Accelerating

Severe decline of functional and genetic diversity, with extinction rates at 100-1,000
times higher than reference (“background”) rates, indicating the system is already
losing functional redundancy.

Biosphere
Integrity

Accelerating Immediate

Moving toward significant deterioration as a result of food insecurity. Critical
ecosystems like the Amazon are approaching their tipping point (20-25% deforestation),
requiring concerted and coordinated intervention.

Land-System

e Shorter-term

Worsening

Freshwater
Change

Global deterioration has turned into a systemic risk in need of immediate intervention,

Immediate R ) o
with current transgression 2.9x the safe limit for blue water and 3.0x for green water.

Accelerating

. . Remains in critical-risk zone, as the absolute load of Nitrogen & Phosphorus in
Biogeochemical

B Flows Persistent Shorter-term circulation has already created dead zones that will persist for decades due to legacy
accumulation in soils.
Ocean Deteriorating in lockstep with atmospheric CO,. While acute now for some species, the
Acidification Worsening Medium-term widespread collapse of aragonite saturation (dissolving shells) is a mid-century risk if
emissions continue increasing.
Atmospheric Safe Showing improvements at global level due to phase-outs of emissions-intensive
@ P . Improving (managed at industrial practices (e.g. coal). Local regional pollution spikes remain an immediate
Aerosol Loading L. . .
global level) health risk in specific areas (see section above).
. Showing continued recovery. The ozone hole over Antarctica is stabilising, with full
—, Stratospheric . X . .
. Improving Safe recovery projected for ~2066, demonstrating effective governance and progress under
Ozone Depletion
the Montreal Protocol.
) Production of plastics and chemicals is outpacing assessment capabilities. Given the
il . Accelerating ) X . ) L )
Novel Entities Immediate unclear future boundaries but high current impact, the risk is immediate due to the

(e irreversible persistence of "forever chemicals" (PFAS).

Key —speed of deterioration

o Accelerating: Deterioration is speeding up

e Worsening: Steady, (near-)linear decline

o Persistent: High risk but (relatively) static transgression

o Improving: Moving towards/further within safe operating zone

Key —time criticality

¢ Immediate: Tipping point imminent or buffer already exhausted

e Shorter-term: Key irreversible thresholds likely to be breached within ~10 years
e Medium-term: Critical risks manifesting beyond 10-year timeframe

e Safe: Risks are (broadly) contained
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Info box: Implications for global businesses

¢KS GSYLRNIt O2yaARSNIGA2ya 2F RIFIYOIGARFEa EQZNRBENSI ND KNI
1. Strandedassetrisk: Investments in wateintensive assets (e.g., mines, data centres) in regions with accelerating
Freshwater Change face a high risk of becoming stranded within the decade, not just in the distant future.

2. Regulatorywhiplash: For rapidly deteriorating boundariedike Novel Entities, regulation often lags behind reality
but can catch up abruptly. Companies relying on PFAS or susgleplastics face a cliff edge of sudden bans pr
litigation, as seen with the $10bn+ PFAS settlements in thiséScase study 5 above).

3. Firstmover advantages: Conversely, businesses that align with recovering boundaries (e.g. alternatives toc oZone
depleting substances) or solve immediate crises (e.g. water recylclimgular watertechnology) can position
themselves to capture market share as competitors scramble to adsget chapter 5 below for more detail on value
creation opportunities.

Ultimately, only investors and corporates who assess their planetary boundary exposarenanner that covers
geographic, sectoral, as well as temporal considerati@ame able toestablish a comprehensive picture of risks an
opportunities.

[®X

Reminder: Key requirements for effective exposure assessment of planetary boundary risks

Location-specific Sector- and asset-based Time-dependent

v e

e i IR G Gl SEREiio i ] Ensuring long-term resilience and value

Understanding and mitigating against
&y g el planetary boundary risks requires looking |

planetary boundary risks needs generation requires mitigation of the

. ) - at the specific sectors of operation and . y
consideration of local conditions 2 f_ ™ f B I most acute planetary boundary risks first
activities carried out

v v : v

Case stud. Critical time in he AmazonRainforest

The Amazon Rainforest is racing against a ticking clock. Scientists estimate th26% 20 the forest is lost, it will cross
an irreversible "tipping point" where it can no longer generate its own rainfall, causing it to die back into a savannah.
Recently, theate of deforestation stod at ~17%*

Consequently,his is not a distant theoretical rishut a critical materiality exposure thatareadycausngharm at large
scale.As outlined in case study 1, deforestatidriven heat and drought in the Amazon caused an estimated $1bn in
losses in the corn and soy industritem 20062012 More recently, i 20232024 a historic droughériven by the
interaction of deforestation and climate changendered major Amazonian rivers unnavigahdesrupting billions of
dollars in soy and corn logistic§he droughtstranded communities and stalled industrial logistics in the Manaus Free
Trade Zone, where companies facedearly20% drop in economic output and a 300% increase in logistics athsésto
delays and rerouting* On a macro scajestudies estimate that crossing tienazontipping point could cost the region

up to $256 billion in lost GDP by 20%lie to the collapse of ecosystem services like-fathagriculture?®

The Amazon exemplifies the convergence of L8gstem Changevi@ deforestation), Freshwater Change (regional
drought), and Climate Change (carbon sink loss). For investors, the "Amazon Tipping Point" is a material financial
deadline:assetdinked tolocalagriculture face imminent systemic devaluation if this temporal threshold is crossed

B/ NAGAOFE GNIyaAdAzya AyROMKS !'YIiT 2y F¥2NBad aeaidsSyésx bl (dNB
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3.2 Financial impacts, risks, and failures caused by PB breaches

As demonstrated by the regional vulnerabilities and
sectoral risksoutlined in chapter 3.1, corporatesand
investors are highly exposed to the deterioration of

9F NI KQa VI (it dziérdfore impeiafivé that ©
businesses identify and manage these planetary

boundary risks to mitigate negative exposure and
adverse impactsEven more worryinly, aschapter 2.2
above shows,transgressingearth systemprocesses
cause these environmental risks to become increasingly
intertwined, creating expanding feedbadkops that
amplify business disruption$he 2026 \Wgrld Economic
Forum Global Risks Report underscores thiportance
with its Gobal Rsks Perception Survey (which
represents perspectives from over 1,300 experts)
classifyingenvironmental risks as the most sevénghe
next 10 yearg®

The breach of planetary boundaries translates directly
into material financial risks that undermine the
fundamental drivers of corporate value. When natural
systems destabilisend companies are affected (or seen
as illprepared to protect themselvesthe economic
implications permeate through income statements
balance sheets valuations, and funding costdn
essenceunpricedplanetaryboundaryrelated risks can
severely impact corporate financials across several key
dimensions:

1 CashflowsDisruptions to natural inputs (e.g. water
scarcity, soil degradation) and extreme weather

“qgDf 20l f wAadadla

il

events lead to direct operational stoppages and
supply chain shocks. This drives up the cost of goods
sold through commodity price volatility and
depresses revenue streamAccording to a recent
report by Ceres land and sea use change and
overexploitation of natural resourcesalone could
pose multibillion-dollar threats to the cash flows of
major FMCG companiés.

Valuations: Companies with high exposure to
deteriorating planetary boundaris face significant
asset writedowns. Infrastructure, manufacturing
plants, or real estate located in higlsk zones
(such adlood plains or wildfire corridors) face the
immediate threat of becoming stranded assets,
destroying book value and compressing future
earnings multiples.

Funding costsAs investorscredit rating agencies
and insurersincreasingly price in physical and
transition risks associated withEarth system
deterioration and planetary boundarpreaches
exposed corporates face higher risk piiamand
hedging costs Companies failing to manage
planetary boundary risks thus face elevated
borrowing costs and restricted access to debt and
equity markets, especially as capital providers
actively price in the probability of environmental
liabilities.

wS L2 NI 2026 ¢ \&/Hile ehvirdiiheRtal 8oDcryfs2alé Heprio@isleNtiz¥hort term half of the top 10

identified risks over the next ¥gear period are environmental in nature, wigxtreme weather events ramkl as the no. tisk.
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Case study. Infrastructure failure andsocial catastrophe in Paradise, Califorrfia

The interplay of Climate Change (manifesting as severe drought and extreme heat) arlystard Change (poor land
management and dry vegetation accumulation) created a highly combustible environment in Northern California.

In 2018, faulty transmission infrastructure ignitége deadliest and most destructive wildfire in California histasich
rapidly engulfed the town of Paradisandresulted in 85 deaths, the destruction of nearly 19,000 structures, and the
massive displacement of over 50,000 peoptes estimatel that the fire, which lasted for 17 daysaused damages
exceeding $16.5bn.

Thiseventexemplifies how the transgression of local and global environmental boundariesccantuatethe impacts

of infrastructure failure andead tosocial catastrophgespecially when affected businessestfaidentify and effectively
mitigate against such risk§hetransmission infrastructur@perator, one of the largest US utilitiedaced crippling
financial consequencess a result of equipment maintenané&alure, including a $3 billion liability specifically for social
and environmental danmges, ultimately forcing the utility to file for Chapter 11 bankruptcy.

Burned vehicles foIIowing\; trealBWildfire'in Para_,dise,VCaIiforniél— -

/ wy
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As Climate Change and LaBgstem Change accelerate, the frequency and severity of wildfires in California have surged
beyond historical predictive models.

In response to escalating and increasingly unpredictable physical risks, many major US insurers have stopped writing new
property and casualty policies in California. This withdrawal has created a considerable insurability gap, with private
homeowners fagig anestimated coverage shortfall of $1:3.0tn.*® While State support exists through the California

FAIR Plan, c400,000 households remain uninsuredith the remainder facingremiums doubling or triplingn high

risk zones?

This represents a systemic market failure where the financial sector can no longer price the risks associated with
destabilised Earth systems. Without access to insurance, the Construction & Built Environment sector cannot secure
financing for new projectsand existing Real Estate market values are severely threatened, illustrating how environmental
tipping points can trigger immediate financial market contraction.

.

> AR Sl <
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Wildfire smog over Los Angeles, California: % -

48"The economics of climate change: no action not an option”, Swiss Re Institute.(2021)

49 ¢Economic impact of the Los Angeles wildfihiyun Li and William Yu, University of Califo(@@25)

0G¢K2dzalyRAE 2F [2a !y3ISiSa K2YS246ySNAR 6SNB RNBLILISR 08 slndt@rdcdCrigisy & dzNB N&
How Homeowners PayMof@ NJ [ Saa 2 KAt S LyadaNBNBR tNRTAGES | yt201Ay3a ! YSNAOF Q& Cdzic
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At a more systemic level, planetary boundary risks extend beyond the idiosyncratic failures which further exacerbate the risks corporates and investors are exposed
exposures faced by corporates and investors. to. Figure 13 below shows the main market failures caused and/or amplified by
As Earth system processes deteriorate, they redefine the physical and operational planetary boundaries, and how they affect businesses.

parameters companies do business in, and in doing so cause or enhance market

Figure13. Market failures driven by planetary boundary breach@s

Market failure Description Manifested impact Relevant examples

Externalities

%

Costs of environmental
degradation are not reflected in
the price of goods, passing the
economic burden to society.

Misallocation of capital towards destructive activities
Burden of cleanup falls on taxpayers and the public

Lack of financial incentive to reduce supply chain pollution

Air pollution claims roughly 5.7 million lives
annually and accounts for economic losses of
nearly 5% of global GDP

@

@ Information
asymmetry

Investors lack accurate,
standardised data on companies’
true exposure to earth-system-
related risks and dependencies.

Structurally mispriced risk and overvaluation / insufficient discounting of vulnerable
companies

Capital flowing without sufficient restriction into high-risk, unmonitored supply chains
Sudden valuation crashes when hidden environmental risks materialise

Only 4/10 companies report on supply chain
emissions, although supply chain impacts are on
average >10x higher than direct emissions

70% of companies do not assess the impact of
their value chains on biodiversity

Public goods

Non-excludable earth systems
(e.g. atmosphere, oceans) are
overexploited because no single
entity governs or protects them.

Accelerated depletion of shared, vital resources

Free-rider problem of companies benefitting from extraction without ensuring
maintenance and sustainability of resources

Systemic collapse of ecosystems that provide free baseline stability

Global ocean economy generates ~$1.5tn/year;
declining ocean health threatens up to $8.4tn of
value across global listed companies over the next
15 years

Time horizon
misalignment

Financial markets prioritise short-
term returns over long-term
environmental stability, delaying
necessary capital allocation.

Chronic underinvestment in resilience and adaptation infrastructure

Capital misdirected to high-yield, short-term activities with low/no long-term financial
and societal value

Future systemic risks heavily discounted in current valuations

$7.3tn of finance flows into “nature-negative”
activities in 2023, dwarfing investment for nature-
based solutions of $220bn

Missing
markets

Critical natural services have no
market price, with their
degradation carrying no
immediate accounting cost.

No financial incentive to protect foundational ecosystem services
Total loss of agricultural yield when natural subsidies disappear
Corporate balance sheets treating natural capital as perpetual

$235bn - $577bn worth of annual global food
production and 75% of global food crops relying
directly on insect pollination

Systemic risk
(network
externalities)

Highly interconnected supply
chains cause local ecological
failures to trigger cascading global
economic shocks

Geographically distant investors suffer sudden, unpredicted losses
Single points of environmental failure halt global production lines

Insurance markets fail or withdraw due to correlated risks or inability to effectively
model exposure and materiality

2011 Thailand floods caused $46.5bnin total
economic damages, crippling global supply chains
and forcing a 25% global price increase in hard
disk drives

51World Bank Group Cleaner Air Rep@®25; CDP Global Supply Chain Re@®22; UNEP Ocean PariRéport(2022; WWFd&Value at Risk in the Global Blue Econéi2926); UNERSState of Finance for
Naturet (2026); IPBE®Assessment Report on Pollinators, Pollination and Food Proda¢f6i7); World Bank Group Impact Assessment Ref201.2); Baringa analysis
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How financial marketrice in planetary boundary exposures at company level

In light of the current gaps in planetary boundary
understanding accentuated bythe systemic market
failures outlined aboveF A y I y OA | f

Notwithstanding these fundamental differences in
composition, b ensure overall comparability, both

Yl NJ S {pecrtlioskréchristhuctedlusing he sameriteria:

effectively price in planetary boundary risks and 1 Sector focusThe mrtfolios are omposed of firms
exposures is wortla closerexamination operating in three sectors that are inherently
Figure14 and Figure15 show the shareholder return vulr.lerableto planetary boundgry r.nov.ementcs
performance of twaportfolios from 2015 to 2025, both Agrlcultu;.& Food Manufac.t.u.nrg with intensive
marketcapweighted and equalveighted, compared water us K and P‘?WGr&U“““eS_ o
against their respective benchmark MSCI ACWI indexes. Geographic footprintThe portfollos' contain firms
The first wagomposed of firmawith higher exposure to from bOth dgveloped anFi emerging m_arkets. o
planetary boundary risks (PBexposed), and the capture differing risk profiles, growth trajectories,
second was made up of firms thatappear better and reglc_)nf_il exposu_res.

positionedto manage, mitigate, or adapt tplanetary 1 Market listing: All firmstrade on the MSCI All
62dzy RI NBE SEMilRakeda@xm o W Countries World Index (ACWI)

1 Market cap: Only firms with a markegpitalisation
of $5bnt+ are included, to minimise liquidity
premium andcompanysizevolatility factors

Figurel4. Total shareholder returrs ¢ market-cap-weighted (201520254
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120 | e PB-mitigated 69% 166%
= PB-exposed 54% 135%
1007 > MSCI ACWI 7% 140%
O =
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

In Figue 14, for the marketcapweighted analysis, the
PBmitigated and PExposed portfolios mowve in
relative lockstep,albeit with the PBmitigated portfolio
showing higher returns for a five and tenyear
investment horizon (69% vs 54bee-year returns and
166% vs 135%ten-year returns respectively)
Furthermore,the PBexposedportfolio showsreturns

aligned with the broader MSCI All Country World Index
(ACWI),while the PBmitigated portfolio outperforms
the broader index (mostly driven by strong shareholder
returns from several large Manufacturing companies)
This indicatethat alimited market premium night exist

for companies that are bettecalibrated to withstand
planetary boundargeteriorationover the longterm.

52To determine portfolio allocation, companies were assessed againstfibeiia: Geographic concentration (firms wighmore concentrated
operatioral footprint acrossenvironmental hotspotegionsscoring highly of?Bexposurg, nature dependence (firm wita high proportiorof
revenuegreliant on inputs such as minirag water scoring highly on PB exposure), mitigation stratdiggné with minimal evidence of proactive risk
management scoring highly on PB exposuaapdisruptiontrack record(firms with history of environmental disruption scoring highly on exposure)
53e.g. Textiles, Automotive, Steel, Chemical Manufacturing, Semiconductor Manufacturing

54 Data baselined to 100 at end of Q1 2086urces: MSQhvesco; Investing.conETFreplay; Baringa analysis of 90 M8IWiquoted corporates
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Figurel5. Total shareholder returng; equatweighted (20152025)°
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However the equalweighted analysisin Figure 15is
unable to corroborate this While the PBmitigated
portfolio still outperforms the P&xposedone (52% vs
43% over a tetyear horizon), that delta substantially
narrows over the last five years, whehe PBmitigated
basketactually recorded negative growth706), while

Key takeaways anghalytical limitations

Overall, based on the analysis conducted, the data does
not clearly indicate whether discernible differences
exist in performance between firms that are actively
mitigating against planetary boundary risks versus those
that do not and/or are more exposewhile the market
capweighted PBmitigated portfolio suggests some
outperformance vs the RBxposed portfolio and the
wider MSCI ACWI index, similar conclusions cannot be
drawn from the performance of the equaleighted
portfolios.

2024 2025

the PBexposedportfolio grew by 18%Crucially, bth
portfolios underperform versus the wider MSCI ACWI
(equatweight) index, suggesting that the strong growth
of a number of firms with high market capitalisation
both portfolios drive the high returns in the markeap-
weighted portfolios.

It is equallyimportant to note that the analysis carried
out contains several limitationsand serves primarily as
a means to stimulate discussion and further
investigation Substantially more ndepth work and
complex multivariate regression analyssnecessary in
order to gain a better understanding efhether and
how planetary boundary exposure is truly incorporated
in capital markets pricing and investment decision
making,while limiting selection randomness and bias,
and establising causation ratler than correlation
between different parameters.
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4 Regulatory andoolicy landscape

4.1 Globhalstandards andframeworks

Over the past decade, the regulatory and policy
landscape governing corporate sustainability has
undergone a profound evolution. Historically,
environmental regulation and corporate disclosures
were almost exclusiveljocussedon greenhouse gas
emissions, driven by the urgency of climate change.
More recently there has beenan accelerating shift
toward a more comprehensive approach that
encompassesa more expansivespectrum covering
other planetary boundarie®eyond Climate Change.

This pivot is firmly rooted in the strong scientific

foundations established by the Intergovernmental
Panel on Climate Change (IPCC) and the
Intergovernmental  ScieneBolicy  Platform  on

science basis, impacts, and mitigation pathways.
Concurrently, IPBES serves a similar role for nature,
assessing the state of biodiversity and the ecosystem
servicesti provides to society. Together, these bodies
have scientifically demonstrated that climate change
and nature loss are inextricably linkedvhere one
cannot be solved without addressing the other. Building
on this consensus, policymakers are increasingly
integrating Earth system sciences into financial and
corporate regulations.

This chapter explores this shifting paradigm more
detail. It first examines how global standards and
frameworks are evolving to cover Earth systems and
planetary boundariesbefore diving into the specific,

Biodiversity and Ecosystem Services (IPBES). The IPCCrapidly developing regulatory requirements across

provides the wold's most authoritative scientific
assessments on climate change, detailing its physical

*The global - |

assessment repogt on-i i |

. \BIODIVERSITY
“AND\ECOSYSTEM "
N SERVICES

N

Over the last years, the global reporting landscape has
matured from a fragmented array of voluntary, single
issue initiatives into amore consolidated and
increasingly mandatory baselinel0 years ago,
frameworks largely siloed environmental issues, with
climate dominating the agenda via the Task Force on
Climaterelated Financial Disclosures (TCFD). Today, the
landscape is pivoting to embrace the inter
connectedness of the planetary boundaries framework.

severalkey jurisdictions(the EU UK Australia, Japan,
and Singapore)

ipcc

INTERGOVERNMENTAL PANEL on ClimaTe chanee

CLIMATE CHANGE 2023
Synthesis Report

Summary for Policymakers

Major standardsetters are expanding their scope to
require comprehensive disclosures on water,
biodiversity, land use, and pollution, reflecting a dual
focus on how environmental degradation threatens
enterprise value and how corporate activities impact
the planet. Figure@below sets out, at a high level, how
the principal global standardmd frameworkgurrently
address the nine planetary boundari&s

5% The Appendix contains detailed factsheets on all 21 global standards and regional/national regulatory frameworks assgasgidgcamongst
others what the regulations aim to achieve, how they are aligned with other reporting requirenagrthpw planetary boundaries are covered.
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Figurel6. Coverage of planetary boundaries by key global regulatory standards

Climate Biosphere Land-System Freshwater
Sl s Change Integrity Change Change
TNFD
(Taskforce on Nature-Related
Financial Disclosures) . . . .
IFRS 51 & S2

(International Sustainability
Standards Board)

GRI
(Global Reporting Initiative)

SBTN
(Science Based Targets
Network)

NGFS
(Network for Greening the
Financial System)

Biogeo- Atmospheric | Stratospheric
g_ Ocean P P Novel
chemical e ik Aerosol Ozone s
Acidification o . Entities
Flows Loading Depletion

Key — coverage of planetary boundaries:

. Comprehensive coverage — explicit reporting metrics aligned with the relevant Earth system / planetary boundary

Partial coverage — either (a) reporting metrics not explicitly linked to specific Earth system / planetary boundary, (b) metrics/scope
covering only parts of the Earth system, or (c) planetary boundary only covered systemically as part of wider macro assessment

No coverage

The current web of global standards exhibits both strong
alignments and differing levels of maturity across the
nine planetary boundaries. A major alignment is the
deliberateBuilding blockinteroperability between the
ISSB's financial materiality baseline and GRI's impact
materiality standards, which together allow corporates
to construct a comprehensive double materiality
disclosure. Furthermore, TNFD explicitly builds on the
architectureof TCFD (now subsumed by ISSB), creating
a cohesive structural goach for reporting both
climate and nature risks.

However, while the frameworks are fairly
comprehensive in aggregate, the maturity of guidance
varies by boundary. For example, while there is no
standalone standard for Novel Entities comparable to
IFRS S2 for climate, the boundary is increasingly being
2LISNI GA2ylfAaSR
gadsS adlyRFNRaz FyR {.
for toxic chemicals. Furthermore, the handling of
complex systemic boundaries like Atmospheric Aerosol
Loading and Ocean Acidification reveals a distgag

between reporting and targesetting. While hoth
boundaries are effectively captured in global disclosure
frameworks(e.g. through GRI and TNFD mandates on
localsed air pollutant3, they currently lack dedicated,
sciencealigned target methodologies under SBTN,
leaving companies without the precise gquantitative
blueprints that are already available foother
boundaries likdand and freshwater.

Despite these discrepancigsis reasonable to conclude
that the time of "climate-only" sustainabilityreporting

is coming to an end Investors now possess the
frameworks to demandmore comprehensiveEarth
system disclosures. Going forwalzgst practice shows
that corporates may proactively adopt double
materiality assessments even where not strictly
mandated, as the interoperability of ISSB, TNFD, and GRI

0 K NIENgz DM Z¢ D@vEa®ia dd2fdcth gitbAl Zxpectdt®n. Navigating this
¢ b Qsiiccedsiuly Fequirgs Inmovifilgoin Sibddl 2conplhce

and regulatory bosxicking towards integrating
planetary boundary datand decisioamakingdirectly
into core strategic andriancial planning processes.
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4.2 EU and UKegulations

European Union

The European Union has historically been titlear
global frontrunner in translating Earth system science
and voluntary frameworks into mandatomegulatory
NEBljdANBYSyGaoe 'G GKS O2NB
double materialitymandate,which requires companies

to report not just on how environmental degradation
threatens their enterprise value, but also how their
operations physically impact the planet. Consequently,
the EUhas engineered a comprehensive architecture
that absorbed TCFD, aligned with TNRBd integrated
planetary limits into a standarskd scientific
classification system via the Corporate Sustainability
Reporting Directive (CSRD), the Corporate Sustainability
Due Diligence Directive (CSDDD), and the EU Taxonomy.

However, recent developments highlight an inherent
and growing tension between progressive sustainability
regulation and global economic competitiveness. Facing
substantial political and industry pushback over
administrative burdens, the Eatlvancedhe "Omnibus

I" package in late 2025, significantly recalibrating its

sustainabilityambitions to protect the competitiveness
of the European marketplace This regulatory
simplificationpackage drastically narrowed the scope of
tofh thd KRSRD &hd CSDDD | dxidptiglskndsA ol
previously targeted companies to reduce administrative
and operationakosts it also pushed back the deadline
for transposition into national legal frameworks to give
companies more time to prepare focompliance.
Similarly, the enforcement of the landmark EU
Deforestation Regulation (EUDR) was officially delayed
by a full year to late 2026 to allow global supply chains
and IT systems more time to adapt. While the EU
remains the most advanced jurisdiction for plasey
boundary codificationthis recent wave of pushbacks
signals a pragmatic shift, priosing targeted
enforcement on the largest multinationals rather than
blanket market coveragé\s such,dr global corporates
the European landscape remains a rigorous compliance
exercisealbeitone with a newly narrowed focus on the
most systemically significant players

Figurel7. Coverage of planetary boundaries by key EU regulatory standards

Regulation Climate Biosphere Land-System Freshwater
8 Change Integrity Change
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(Corporate Sustainability . . . .

Reporting Directive)

EU Taxonomy . . . .

CSDDD

(Corporate Sustainability . . .

Due Diligence Directive)

EUDR

(EU Deforestation .

Regulation)
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(Sustainable Finance . .

Disclosure Regulation)
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Key — coverage of planetary boundaries:

. Comprehensive coverage — explicit reporting metrics aligned with the relevant Earth system / planetary boundary

Partial coverage — either (a) reporting metrics not explicitly linked to specific Earth system / planetary boundary, (b) metrics/scope
covering only parts of the Earth system, or (c) planetary boundary only covered systemically as part of wider macro assessment

No coverage
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Given the strong alignment efforts undertaken at EU
level, it is better to seethe EU landscape not as a
separate set of rules, but asteanslationmechanism.
The EU has engineered its directives to convert
relatively abstract global planetary boundary concepts
into specificcompliance mechanismg&or example:

ll

From Bafe Operating Spa€®o Po no significant

K I N@NSH: The scientific concept of Earttsdfe
operatingspace is translated by the EU Taxonomy
into the legally binding DNSH principle. An
economic activity cannot be classified as
sustainable if itspositive contribution to one
boundary é.g. building a wind farm) breaches
another g.g.destroying Biosphere Integrity).

From TNFDWYocat€dto CSDDDWiability®@ The
¢tbhC5Qa @2ftdzy Gl NB [9!t
locate their interfaces with nature. The CSDDD
translates this exercise into a legal mandate.
Essentially, fi a company locates a planetary
boundary breach in its supply chain, CSDd2D
create obligations and liability exposurefor
mitigating that breach, moving the market from
passive disclosure to active intervention.

United Kingdom

While the EU has pursued a highly prescriptive, double
materiality framework, the United Kingdom hast out

on a distinctly different course. Emphasising its role as a
global financial hub, the UK has adopted a pragmatic,
disclosureled approach rooted firmly in financial

materiality.

Instead of mandating complex, cress

boundary activity classificationss evidenced by the
official shelving of the UK Green Taxonomy in 2625
the UK relies heavily on global baselines like the ISSB to

ensure

interoperability and protect corporate

competitiveness.

Ultimately, KS 9! Q& NX3dzf I G2NE | NOK
the most advanced jurisdictional attempt globally to

codify the planetary boundaries framework into
FOlA2ylLtotS tlgd ¢KS 9! ¢l E2Y
objectives effectively mirror the critical global

processescreating a legally binding definition of what
constitutes a safe operating space for economic activity.

However, the primary consideration for
corporates and investors todaljes in navigating the

global

volatility of the EU's deregulation wave. As the EU
pushes ahead with a simplified CSRD and a narrowed
CSDDD, multinational companies must adapt to shifting
timelines while managing the divergence between the

9! Qa A&GNROI

Rrandizdef aBd theIsidg&NA | { A

materiality ISSB baseline adopted by most other

I LILINE |

or exporting to th EU must tre the

Jur|sd|ct|8ns C?ns uventlyé%orypam;? %pgratmgwghm
uropea

standards as their highest common denominator,
utilising the CSRDand the EU Taxonomy as the
foundational blueprint for their global Earth systems

data and compliance strategy.

In areaswhere the UKdoesset out more prescriptive
requirements however, such asthe Biodiversity Net
Gain it does so with targetedocal mechanisms rather
than more demandingylobal supply chain liabilities.

Themost prominent regulatory focus poirior 2026 is

the rollout of the UK Sustainability Reporting Standards

(UK SRSNhich aligns very strongly with IFRSSB, and

constitutesa strong regulatory push on credible climate

transition plansas well agn ongoing calibration of anti
greenwashing measures for financial markets.

5%6The UK Green Taxonomy vasandoned in July 2025 followinggavernment consultation which revealed only 45% of respondents expressed
positive views about the regulatiagiven the resourcéntensiveness of regulatory adherenegsource:HM Treasury(2025)
























































































































