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About the Institute 

The First Sentier MUFG Sustainable Investment Institute 
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advance sustainable investing. As investors, both First 
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responsibility to society and that investment decisions 
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both now and in the future. 
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sustainability and sustainable investing. These issues are 

often complex and require deep analysis to break down 

the contributing factors. If, as investors, we can better 

understand these factors, we will be better placed to 

consider our investment decisions and use our influence to 

drive positive change for the benefit of the environment 

and society. 

The Institute is jointly supported by First Sentier Group 

(FSG) and Mitsubishi UFJ Trust and Banking Corporation, a 

consolidated subsidiary of MUFG. Representatives of both 

organisations will provide input to the activities of the 

Institute. 
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sustainability and sustainable investment research 
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nongovernmental organisations in the fields of 

Responsible Investment, climate science and related ESG 

endeavours. The Board provides independent oversight to 

ensure that research output meets the highest standards 

of academic rigour. 

Contact 

Institute@firstsentier.com   

www.firstsentier-mufg-sustainability.com  

www.mufg-firstsentier-sustainability.jp  
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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 science-based frameworks, as well as 

actionable insights to navigate emerging environmental risks, anticipate regulatory shifts, and unlock avenues for 

resilient, long-term value creation.  

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

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

 

Chapter What the chapter covers Most relevant for 

Executive summary 
The planetary boundaries framework, 
systemic risks, and the opportunities for 
Earth-system-aligned value creation. 

All readers, particularly: 

¶ C-suite executives 

¶ Board members 

¶ Senior investment leaders 

1. Introduction 
The foundational science of the safe 
operating space and the core strategic 
questions this report answers. 

All readers seeking a high-level 
baseline understanding of the 
planetary boundaries topic 

2. The Science and 
interconnections 

The nine critical global processes, their 
trajectories to 2050, and their cascading 
interdependencies and tipping points. 

¶ ESG investment analysts 

¶ Corporate risk officers  

¶ Sustainability directors 

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

How ecological deterioration translates into 
material risk, across geographic, sectoral, and 
temporal lenses. 

¶ Asset allocators 

¶ Portfolio managers 

¶ Corporate strategists 

¶ Corporate risk managers 

4. Regulatory and policy 
landscape 

Overview of global disclosure frameworks and 
regional regulations in the EU, UK, and APAC. 

¶ Investor ESG reporting leads 

¶ Corporate compliance officers 

¶ Corporate legal teams 

5. Opportunities for value 
creation 

How planetary boundary alignment drives 
market share growth, builds operational 
resilience, and secures improved financing. 

¶ Growth-focused investors 

¶ Corporate strategy leads 

¶ Operations directors 

6. Tools and methodologies 
to unlock growth and 
resilience 

Analytical frameworks and models that 
translate macro-ecological limits into precise 
corporate and investment metrics. 

¶ Investment analysts 

¶ Quantitative modellers 

¶ Corporate sustainability teams 

7. The critical role of 
investors 

Principles for capital deployment and 
stakeholder engagement plan to drive value 
and systemic market change. 

¶ Asset owners 

¶ Institutional investors 

¶ Stewardship / engagement 
teams 

Appendix 
Additional analytical content, e.g. on 
boundary interdependencies, double-
materiality analysis, regulatory factsheets. 

All readers seeking more in-depth 
contextual understanding and 
analytical outputs 
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Executive summary 

Global markets are being reshaped by a deeper ecological realignment. While the 

ǿƻǊƭŘΩǎ ŀǘǘŜƴǘƛƻƴ Ƙŀǎ ōŜŜƴ ƻƴ the immediate threats of climate change, broader 

changes to 9ŀǊǘƘΩǎ ŎǊƛǘƛŎŀƭ global processes are creating wider systemic risks 

alongside new multi-trillion -dollar opportunities. Investors and corporates best 

positioned to succeed will be those who anticipate, adapt, and act. 

 

1. Resilience and long-term growth prospects of the 

global economy rely intrinsically on the stability 

and health of our planet. To date, understanding the 

ecological changes that threaten this stability has 

been assessed through the lens of climate change 

and greenhouse gas (GHG) emissions. However, 

there exist another eight critical global processes 

that are far less widely translated into corporate and 

investment decision-making. 

2. Damage to these wider global processes is already 

causing significant risk and harm. For example: 

¶ $58tn of annual global economic value (>50% 

of the world's GDP) is dependent on natural 

ecosystems, many of which are at risk today.1 

¶ $320bn in global physical damages were 

caused by natural disasters in 2024 alone, while 

economic losses associated with air pollution 

accounting for nearly 7% of global GDP.2 

¶ Up to 1.2bn people are projected to be 

displaced by 2050 due to severe ecological 

threats, natural instability, and scarcity.3 

3. In 2009, the Stockholm Resilience Centre developed 

a science-based framework outlining the nine 

critical global processes that regulate the stability 

and resilience of our planet. Crucially, the "Planetary 

Boundaries Framework" also defines the 

quantitative planetary boundary (PB) thresholds. 

Ultimately, if these boundaries are crossed, they 

would increase the likelihood of crossing Earth-

system tipping points that would trigger 

unacceptable and non-linear environmental 

change, causing irreversible damage to the Earth.

Figure 1. Current global status of the nine planetary boundaries4 

 
  

 

1 ά[ƛǾƛƴƎ tƭŀƴŜǘ wŜǇƻǊǘέΣ ²²C όнлнп). 
2 άbŀǘǳǊŀƭ 5ƛǎŀǎǘŜǊ CƛƎǳǊŜǎέΣ aǳƴƛŎƘ wŜ όнлнрύΤ ά!ŎŎŜƭŜǊŀǘƛƴƎ !ŎŎŜǎǎ ǘƻ /ƭŜŀƴ !ƛǊ ŦƻǊ ŀ [ƛǾŀōƭŜ tƭŀƴŜǘέΣ ²ƻǊƭŘ .ŀƴƪ όнлнрύ. 
3 άbŀǘǳǊŜ wƛǎƪ !ƴŀƭȅǎƛǎέΣ ²²C όнлнрύ. 
4 άSeven of nine planetary boundaries now breached ς ƻŎŜŀƴ ŀŎƛŘƛŦƛŎŀǘƛƻƴ Ƨƻƛƴǎ ǘƘŜ ŘŀƴƎŜǊ ȊƻƴŜέΣ tƻǘǎŘŀƳ LƴǎǘƛǘǳǘŜ ŦƻǊ /ƭƛƳŀǘŜ LƳǇŀŎǘ wŜǎŜŀǊŎƘ 

(2025). 
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4. The scientific consensus establishes that seven of 

the nine planetary boundaries have already been 

breached.5 This is causing an increased risk of 

irreversible damage, amplified by the profound 

interconnectedness of critical global processes. 

Deterioration of one process has immediate 

negative implications for others. For instance, Land-

System Change (driven by rapid deforestation) 

directly exacerbates Climate Change by 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.  

5. The deterioration of critical global processes and 

planetary boundaries brings existential risks to 

entire markets and segments of economic activity. 

Understanding the impacts of these acute risks 

requires planetary boundary assessments to be: 

¶ Location-specific: Global averages mask acute 

regional transgressions. For example, while 

Atmospheric Aerosol Loading is globally within 

safe limits, severe air pollution in urban areas 

across Southeast Asia creates localised 

hotspots of significant risk. 

¶ Sector- and asset-based: Boundaries exhibit 

distinct Ψdouble materialityΩ across industries. 

For instance, the Fisheries sector is existentially 

threatened by Ocean Acidification, even if it 

barely contributes to the reduction of oceanic 

pH levels. Similarly, the Transportation sector 

has little impact on Freshwater Change, yet 

inland shipping can be substantially affected by 

low river and canal levels, causing high financial 

materiality exposure. 

¶ Time-dependent: Not all boundaries degrade 

at the same speed. For example, Freshwater 

Change can create near-term operational risks 

where drought or water restrictions halt 

production, constrain hydropower, or disrupt 

inland shipping, while Novel Entities (e.g. PFAS) 

can build gradually over many years, before 

turning rapidly into material financial exposure 

 

5 άSeven of nine planetary boundaries now breachedέΣ tƻǘǎŘŀƳ LƴǎǘƛǘǳǘŜ ŦƻǊ /ƭƛƳŀǘŜ LƳǇŀŎǘ wŜǎŜŀǊŎƘ όнлнрύ. 

through litigation, clean-up costs, product 

bans, or tighter regulation. 

6. Companies and investors face 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 decision-useful 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, suggesting public markets do not yet 

consistently reward companies that are better 

insulated to Earth system shocks. 

7. From a regulatory perspective, encouragingly, both 

global frameworks and local legislation are 

beginning to capture a wider range of critical 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 in ƛƴǾŜǎǘƻǊǎΩ 

ŀƴŘ ŎƻǊǇƻǊŀǘŜǎΩ ŎƻǳǊǘǎ ǘƻ examine their exposures. 

This divergence undermines the transition toward 

transparent and comparable disclosures across 

jurisdictions. Essentially, until these new PB-aligned 

regulatory frameworks gain critical mass and 

establish consistent and comparable market 

standards, analogous to carbon budgets and well-

functioning carbon markets, it remains within 

ƛƴǾŜǎǘƻǊǎΩ ŀƴŘ ŎƻǊǇƻǊŀǘŜǎΩ ǇǳǊǾƛŜǿ to proactively 

assess their own planetary boundary exposures and 

identify related opportunities. 

8. 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 act. For example: 
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¶ The size of the prize: $10tn in annual business 

value is expected from transitioning the global 

ŜŎƻƴƻƳȅ ǘƻ ŀ ΨƴŀǘǳǊŜ-ǇƻǎƛǘƛǾŜΩ ǎǘŀǘŜ.6 

¶ Sectoral upside: $4.5tn economic opportunity 

in the transition to a circular economy.7 

9. A growing range of public frameworks and open-

source datasets exist to help corporates 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 or NGFS scenarios, investors can translate 

abstract macro-ecological limits into highly precise, 

actionable investment metrics. It is in this context 

that we are also seeing proprietary approaches from 

investors and corporates emerge to integrate 

planetary-boundary considerations into investment 

processes, portfolio construction, risk management, 

stewardship activities, and capital-allocation 

decisions. This empowers asset owners and asset 

managers to benchmark the true biophysical 

intensity of different investments, structurally 

identifying those companies and assets driving 

critical boundary transgressions versus 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 Depletion, on the path to 

recovery. By embracing planetary boundaries 

science, and integrating it into strategic and 

operational decision-making, corporates and 

investors can transition from managing existential 

risks to leading the multi-trillion-dollar realignment 

toward a more resilient, nature-positive global 

economy. 

 

6 άIƻǿ ǘƻ ǳƴƭƻŎƪ ϷмлΦм ǘǊƛƭƭƛƻƴ ŦǊƻƳ ǘƘŜ ƴŀǘǳǊŜ-ǇƻǎƛǘƛǾŜ ǘǊŀƴǎƛǘƛƻƴέΣ ²ƻǊƭŘ 9ŎƻƴƻƳƛŎ CƻǊǳƳ όнлнпύ. 
7 ά/ƛǊŎǳƭŀǊ 9ŎƻƴƻƳȅ ŀƴŘ {ǳǎǘŀƛƴŀōƛƭƛǘȅέΣ /ŀǊŘƛŦŦ {ŎƘƻƻƭ ƻŦ aŀƴŀƎŜƳŜƴǘΣ ²./{5 όнлннύ. 

Recommendations for investors 

The investor community has a vital role to play in this 

global realignment. Investors can adopt a multi-faceted 

approach to capitalise on opportunities by: 

1. Building capability through tools, data, and cross-

disciplinary expertise to translate planetary 

boundary science into investment insights and 

improved understanding of market demand shifts.  

2. Mapping exposure across planetary boundaries, 

geographies, sectors, assets, and time horizons to 

identify material risks and opportunities.  

3. Assessing and pricing risks and opportunities by 

embedding planetary boundary exposures into 

valuations, scenario analysis, funding decisions, and 

performance metrics.  

4. Shaping portfolio strategy through asset allocation, 

portfolio construction, and risk management 

aligned to Earth system resilience.  

5. Engaging portfolio companies to strengthen 

disclosure, governance, operational resilience, and 

strategic decision-making.  

6. Influencing the wider system through policy 

engagement, market signalling, collaboration, and 

thought leadership, and by supporting the scaling of 

transition and adaptation technologies. 
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1 Introduction 

1.1 What are planetary boundaries and why do they matter? 

At least $58tn of global economic value generation is at risk from planetary boundary 
breaches. Corporates and investors need to adopt a more holistic methodology to 
understand planetary health and environmental risks beyond GHG emissions alone.

Resilience and long-term growth prospects of the global 

economy rely on the stability and health of our planet. 

In 2009, the Stockholm Resilience Centre, led by Johan 

Rockström, introduced the Planetary Boundaries 

Framework, which constitutes a paradigm shift in how 

we understand environmental risks and the various 

interdependencies in 9ŀǊǘƘΩǎ complex and deeply 

intertwined systems. The framework moves beyond 

general sustainability concepts to provide a science-

based, quantitative assessment of the "safe operating 

space" for humanity. It identifies nine critical global 

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, the nine critical global 

processes and their planetary boundaries constitute a 

critical evolution in how environmental risks must be 

assessed and value creation opportunities realised in a 

global market that is increasingly volatile and 

challenging to predict.

Figure 2. The nine critical global processes (2025)8 

 
 
The nine critical global processes are inherently 

interconnected (see Chapter 2) and can be broadly 

categorised based on (a) their system type (physical 

base, chemical flows, planetary shield), and (b) their 

most prominent geospatial impact scale (local, regional, 

global). Figure 2 above sets out the nine global 

processes within these categories. It is important to 

note the above constitutes merely a simplified overview 

for the purpose of intuitive basic understanding of the 

 

8 Baringa analysis based on Stockholm Resilience Centre and Potsdam Institute for Climate Impact Research (2025). 

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. 

  



Applying Planetary Boundaries | Sustainable Investment Institute  

11 of 91 

While the global focus on Net Zero remains essential, a 

mere focus on carbon emissions risks obscuring broader 

systemic threats. The Planetary Boundaries Framework 

demonstrates that climate stability cannot be achieved 

if other boundaries, such as Biosphere Integrity or Land-

System Change, are breached. 

Therefore, to avoid the underestimation and 

misrepresentation of risks, meaningful environmental 

assessments must go beyond greenhouse gas emissions. 

Furthermore, data needs to be examined through a 

geographic and sector-specific lens, as planetary-

boundary-based risks and their implications are likely to 

manifest differently across different locations and 

economic activities. Without the consideration of these 

factors, decisions on strategy, operations, and capital 

allocation are made with an incomplete picture of 

physical and transition risks. Ultimately, these can lead 

to significant risks and damages to our planet, societies, 

and businesses (see Figure 3).  

 

Figure 3. Risks and damages caused by deteriorating planetary boundaries9 

 

Addressing planetary boundary risks requires a shift in 

analytical resolution. High-level averages often ignore 

or misrepresent specificities in given place-based or 

economic activity contexts. To effectively address risks 

and opportunities, corporates and investors need to 

assess exposure in a location-specific manner, at the 

sector and asset level, and by paying specific attention 

to the most acute and time-critical factors.

Figure 4. Key requirements for effective exposure assessment of planetary boundary risks10 

 

 

 

9 άGlobal Water Monitorέ, Australian National University (2025); άNature Risk Analysisέ, WWF et al. (2025); άbŀǘǳǊŀƭ 5ƛǎŀǎǘŜǊ CƛƎǳǊŜǎέΣ Munich Re 

(2025); άDƭƻōŀƭ .ǳǊŘŜƴ ƻŦ 5ƛǎŜŀǎŜέ, World Bank (2023); ά9ŎƻƭƻƎƛŎŀƭ ¢ƘǊŜŀǘ wŜƎƛǎǘŜǊέ, Institute for Economics & Peace (2020); ά/ƻǳƴǘŘƻǿƴ ƻƴ IŜŀƭǘƘ 

and Climate Changeέ, The Lancet (2023). 
10 άDoing business with Planetary BoundariesέΣ {ǘƻŎƪƘƻƭƳ wŜǎƛƭƛŜƴŎŜ /ŜƴǘǊŜ (2024); Baringa analysis. 
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1.2 About this report 

The purpose of this report is to highlight how companies and investors can use the 

Planetary Boundaries Framework for strategic foresight, effective risk 

management, and improved and resilient long-term value creation.

Understanding planetary boundaries is no longer an 

academic exercise, but a core prerequisite for effective 

risk management, strategic decision-making, and 

resilient, long-term value creation. To help corporates 

and investors navigate this increasingly complex 

environment, this report focuses on three questions:  

1. What is the Planetary Boundaries Framework? 

i. What are the nine critical global processes, 

how do they work, and what are their 

planetary boundaries? 

ii. How are the severity and materiality of 

planetary boundaries dependent on location, 

sector, and temporal factors? 

2. Where are planetary boundaries useful? 

i. What are examples of acute and chronic risks 

faced by businesses, investors, and society? 

ii. How are planetary boundaries covered under 

existing or evolving rules and regulations? 

iii. What do businesses stand to gain from better 

integrating planetary boundaries into their 

strategies and decision-making processes? 

3. What should corporates and investors do? 

i. What tools and methodologies exist to help 

businesses unlock value from better 

planetary boundary integration? 

ii. What role should investors play to support 

their portfolios and drive greater ecosystem 

change?  
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2 The science and interconnections 

2.1 The nine planetary boundaries and their trajectory to 2050 

The health of our planet depends on the status of the nine critical global processes, 

seven of which have crossed their safe operating space. Further deterioration is 

likely unless decisive action is taken to avoid irreversible damage to our planet, 

people and businesses. 

The nine planetary boundaries 
 
The Planetary Boundaries Framework, first introduced 

in 2009 by the Stockholm Resilience Centre, outlines 

quantitative thresholds for nine critical global processes 

important to sustain human social and economic 

prosperity. These boundaries demarcate the "safe 

operating space" for humanity and are based on the 

intrinsic biophysical processes that regulate the stability 

of the Earth system.  

As a baseline, the framework aims to ensure the Earth 

stays in alignment with the same planetary conditions 

during the Holocene epoch. This is the interglacial 

period of the last ~12,000 years, which constitutes the 

only environmental state we know that can support 

contemporary civilisation. 

More recently, driven by intensifying industrial activity, 

accelerating resource consumption, and rapid 

population growth, humanityΩǎ role has shifted from a 

mere inhabitant to the dominant geological and 

biological force shaping the Earth system. This new 

"Anthropocene" era is frequently described as the end 

of the stable Holocene and the beginning of a new, likely 

less stable planetary state. 

The Planetary Boundaries Framework analyses the nine 

global change processes where human activities affect 

Earth system functioning. Figure 5 below outlines the 

description for each of these systems, as well as the key 

measurements by which their boundaries are assessed.
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Figure 5. The 9 planetary boundaries: Critical global process descriptions and planetary boundary measurements11 

 

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 threshold. Only Ozone 

Depletion and Aerosol Loading are considered safe on a 

global level, although it is worth pointing out that 

regional divergences in these measures exist, meaning 

that even safe boundaries like Aerosol Loading can pose 

considerable risks on a local level, e.g. as a result of high 

air pollution in urban areas in South-East Asia (see 

chapter 3 for more detail).

Figure 6. The 9 planetary boundaries: Current status12 

 

Key 

¶ Within safe operating space: The boundary is within the Holocene-like baseline, with low risk of systemic feedback. 

¶ Increasing risk: The boundary has breached the safe limit, with growing negative impacts across the ecosystem. 

¶ High risk: The boundary is significantly transgressed, increasing the likelihood of triggering irreversible tipping points. 

¶ Critical: The boundary is fundamentally destabilised on a global level, posing a high risk of tipping point breaches. 

 
While this high-level overview presents a stark picture 

on its own, it is worthwhile having a closer look at 

specific examples of real-life impacts and implications of 

the transgressed status of various planetary boundaries. 

¶ Climate Change: At the rate of current policies and 

climate action, Earth is on a trajectory for a 

temperature increase of 2.5°C by the end of the 

century, far exceeding the 1.5°C limit aspired by the 

Paris Agreement to avoid the most catastrophic 

climate consequences.13 Such increases in 

temperature would likely melt the West Antarctic 

 

12 Stockholm Resilience Centre (2025). 
13 ά.ŀǊƛƴƎŀ .ŀǎŜ /ŀǎŜέΣ .ŀǊƛƴƎŀ όнлнпύ. This considers full Greenhouse Gas emissions from energy, industry, agriculture, and land use change & 

forestry, and is informed by the outcome of the latest climate policies, pledges, and their deliverability. 
14 Climate Action Tracker Emissions Pathways (2025); AR6 Synthesis Report, IPCC (2023). 

and Greenland ice sheets, potentially causing sea 

levels to rise by several meters and placing land 

currently home to 300 million people below the 

annual flood line by 2050.14 

¶ Biosphere Integrity: In Europe, nearly 80% of 

natural habitats are currently in άpoorέ ƻǊ άōŀŘέ 

condition, and 1 in 10 species of bees and butterflies 

is threatened with extinction, endangering Ϥϵ22bn 
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in annual economic value provided by insect 

pollination to European agriculture alone.15 

¶ Land-System Change: 10 million hectares of forest 

cover is lost annually (roughly equivalent to the size 

of South Korea), acting as the primary driver of 1 

million animals and plant species being threatened 

with extinction.16 

¶ Freshwater Change: More 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 

degradation, groundwater depletion and climate 

change amounts to more than $300bn a year 

worldwide.17 

¶ Biogeochemical Flows: Over $200bn is lost annually 

in potential crop value due to the inefficient use of 

Nitrogen, while nutrient runoff has created over 400 

"dead zones" globally, covering a combined area 

larger than the United Kingdom.18 

¶ 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, 

threatening the global shellfish industry and food 

security of ~3bn people who rely on fish as their 

primary source of protein.19 

¶ Atmospheric Aerosol Loading: Despite being within 

safe operating space, air pollution is now the 

ǿƻǊƭŘΩǎ ƭŜŀŘƛƴƎ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƘŜŀƭǘƘ Ǌƛǎƪ, with an 

estimated economic cost of $8.1tn annually. In 

South Asia, for instance, aerosol clouds can reduce 

sunlight reaching the surface by up to 15%, 

significantly cutting agricultural yields.20 

¶ Stratospheric Ozone Depletion: While the ozone 

layer is on track to recover by 2066 thanks to 

unprecedented global cooperation under the 

Montreal Protocol in 1987, a failure to maintain this 

boundary would have resulted in an estimated 2 

million additional cases of skin cancer globally 

every year.21 

¶ Novel Entities: It is estimated that 19-23 million 

tonnes of plastic waste (the equivalent of over 

700,000 garbage truck loads) leaks into aquatic 

ecosystems on an annual basis, polluting lakes, 

rivers and seas.22 

 

 
 

  

 

15 Nature Restoration Regulation Factsheet, European Commission (2024). 
16 άCƻǊ ǘƘŜ CƻǊŜǎǘǎέΣ 9ŀǊǘƘǿƻǊƳ CƻǳƴŘŀǘƛƻƴ & UN FAO Forestry Data (2025). 
17 άDƭƻōŀƭ ²ŀǘŜǊ .ŀƴƪǊǳǇǘŎȅέΣ United Nations Institute for Water, Environment, and Health (2026). 
18 άYŜŜǇƛƴƎ ¢ǊŀŎƪ ƻŦ hŎŜŀƴ IŜŀƭǘƘ ŀƴŘ {ŜǊǾƛŎŜǎέΣ UNESCO Intergovernmental Oceanographic Commission (2024). 
19 US National Oceanic and Atmospheric Administration (2025, 2019). 
20 ά¢ƘŜ /ƻǎǘ ƻŦ !ƛǊ tƻƭƭǳǘƛƻƴέΣ ²ƻǊƭŘ .ŀƴƪ όнлннύ. 
21 ά{ŎƛŜƴǘƛŦƛŎ !ǎǎŜǎǎƳŜƴǘ ƻŦ hȊƻƴŜ 5ŜǇƭŜǘƛƻƴέΣ ²ƻǊƭŘ aŜǘŜƻǊƻƭƻƎƛŎŀƭ LƴǎǘƛǘǳǘŜ όнлннύΤ ά{ƪƛƴ /ŀƴŎŜǊ wƛǎƪǎ !ǾƻƛŘŜŘ ōȅ ǘƘŜ aƻƴǘǊŜŀƭ tǊƻǘƻŎƻƭέΣ Van Dijk 

et al, Photochemistry and Photobiology (2013). 
22 ά{tatistics of plastic pollutionέΣ UN Environment Programme (2022). 
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Info box: Physical tipping points23 

Defining the point of no return: Physical tipping points are critical thresholds within our planetary system where a 
relatively small change in external conditions (such as a slight temperature increase) can trigger a large, non-linear, and 
often irreversible shift in the state of the system. Unlike gradual changes in climate, which scale roughly linearly with 
emissions, tipping points represent a structural reorganisation of an entire system. Once a tipping point is crossed, the 
system enters a self-perpetuating feedback loop that drives the change independently of the original human driver.  

For example, as Arctic permafrost thaws, it releases methane, causing further warming and thawing, thus creating a cycle 
that persists even if human-caused GHG emissions were to stop immediately. 

Consequences of crossing thresholds: When a tipping point is breached, the impacts are often abrupt and cascading. 
"Tipping elements" - large-scale components of the Earth system like the Amazon rainforest, the West Antarctic Ice 
Sheet, or the Atlantic Meridional Overturning Circulation (AMOC) - can shift from acting as climate stabilisers to 
becoming destabilisers. Furthermore, the crossing of one tipping point increases the likelihood of others being triggered, 
potentially causing a "tipping cascade".  

For instance, the rapid melting of DǊŜŜƴƭŀƴŘΩǎ ƛŎŜ ǎƘŜŜǘ injects additional water into the North Atlantic, which can slow 
down the AMOC. This slowdown, in turn, can alter rainfall patterns over the Amazon, pushing the rainforest closer to its 
own tipping point. Such cascades threaten to move the Earth system out of the stable Holocene state and risk causing 
irreversible systemic damage to planet, people, and businesses. 

Relation to planetary boundaries: Tipping points are intimately linked to the Planetary Boundaries Framework. The 
boundaries themselves scientifically establish the safe operating space, defined to keep humanity in a state of low risk of 
negative systemic feedback. Once a boundary is transgressed ς e.g. the current breach of the Climate Change boundary 
όŀǘ Ϥпнл ǇǇƳ /hі ǾǎΦ ǘƘŜ ǎŀŦŜ ƭƛƳƛǘ ƻŦ орл ǇǇƳύ ς it significantly increases the risk of activating tipping elements.  

Recent assessments indicate that at current warming levels (~1.2°C to 1.4°C), we are already entering the high-risk zone 
for five major tipping points, including the collapse of warm-water coral reefs, the abrupt thaw of boreal permafrost, 
the Greenland and West Atlantic ice sheets collapse, and the Labrador Sea and Subpolar Gyre Circulation collapse The 
further we push beyond the planetary boundaries, the higher the probability of triggering these irreversible shifts, 
effectively handing over control of the planet's future climate from human hands to natural feedback mechanisms. 

 

 

 

 

 

 

Future scenarios 
 
Scenario analysis conducted in 202524 indicates the 

further degradation of seven of the eight assessed 

planetary boundaries by 2050 in a base case scenario, 

assuming no considerable changes from current societal 

trends. An alternative, adverse case scenario, with 

increasing regional competition and slowing economic 

 

23 άtƭŀƴŜǘŀǊȅ IŜŀƭǘƘ /ƘŜŎƪ нлнрέ ŀƴŘ άtƭŀƴŜǘŀǊȅ IŜŀƭǘƘ /ƘŜŎƪ нлнпέ όƳŀƛƴ ǊŜǇƻǊǘǎ ŀƴŘ ǎǳǇǇƭŜƳŜƴǘŀǊȅ ƳŀǘŜǊƛŀƭǎύΣ tƻǘǎŘŀƳ LƴǎǘƛǘǳǘŜ for Climate 
LƳǇŀŎǘ wŜǎŜŀǊŎƘ όнлнрΣ нлнпύΤ ά9ŀǊǘƘ .ŜȅƻƴŘ {ƛȄ ƻŦ bƛƴŜ tƭŀƴŜǘŀǊȅ .ƻǳƴŘŀǊƛŜǎέΣ wƛŎƘŀǊŘǎƻƴ Ŝǘ ŀƭΦΣ {ŎƛŜƴŎŜ !ŘǾŀƴŎŜǎ όнлноύ. 
24 ά9ȄǇƭƻǊƛƴƎ ǇŀǘƘǿŀȅǎ ŦƻǊ ǿƻǊƭŘ ŘŜǾŜƭƻǇƳŜƴǘ ǿƛǘƘƛƴ ǇƭŀƴŜǘŀǊȅ ōƻǳƴŘŀǊƛŜǎέΣ Van Vuuren et al., Nature (2025). 

growth and technological development, results in 

further transgression for most indicators. Only in an 

improved scenario, entailing higher resource efficiency, 

lower population growth, and improved technological 

development, can the expected degradation of most 

planetary boundaries be counteracted. 

Aftermath of a wildfire in Colorado, USA 
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Figure 7. The 9 planetary boundaries: Future scenarios for 205025 

 

Notes on 2050 scenarios  

The scenarios are built based on three of the "Shared Socioeconomic Pathways" (SSP) scenarios from the IPCC's Sixth 
Assessment Report, with supplementary policy assumptions included under the improved case. 

¶ Base case: Based on SSP2, this scenario assumes current socio-economic trends continue with moderate population 
growth and uneven development, leading to a worsening of most environmental pressures by 2050 due to 
insufficient structural change. 

¶ Adverse case: Based on SSP3, this scenario anticipates a resurgence of nationalism and conflict where countries 
prioritise security over sustainability, resulting in substantial environmental degradation and the critical 
transgression of multiple boundaries. 

¶ Improved case: Based on SSP1 and additional policy action, this scenario combines ambitious interventions (e.g. 
improved health diets, 50% reduction in food waste, and improving water efficiency) to achieve a return 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 compromised, and is likely to 

 

25 Baringa analysis of Stockholm Resilience Centre (2025), PIK Potsdam (2025), and ά9ȄǇƭƻǊƛƴƎ ǇŀǘƘǿŀȅǎ ŦƻǊ ǿƻǊƭŘ ŘŜǾŜƭƻǇƳŜƴǘ ǿƛǘƘƛƴ ǇƭŀƴŜǘŀǊȅ 

ōƻǳƴŘŀǊƛŜǎέΣ ±ŀƴ ±ǳǳǊŜƴ Ŝǘ ŀƭΦΣ bŀǘǳǊŜ όнлнрύ. 

cause political, social, and economic disruptions. Even in 

the improved case scenario, planetary boundary risks 

persist, and ς irrespective of the future case ς these 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 challenge, as the next section 

outlines.  
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2.2 Planetary boundary interdependencies 

Earth systems are intricately interlinked through their various processes. This 

makes it essential to take a full systems view when assessing business and 

investment implications.  

The Planetary Boundaries Framework reveals that 

environmental risks are rarely isolated events. Instead, 

they operate as a complex and interconnected web 

where the transgression of one boundary frequently 

accelerates the destabilisation of others.  

For instance, Land-System Change (e.g. through 

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 loop that further weakens 

the planet's resilience.  

Another example of critical Earth system interactions is 

the connection between Climate Change, Ocean 

Acidification, and Biosphere Integrity: As the oceans 

absorb approximately 25% of all anthropogenic CO2
 

emissions, the resulting chemical shift reduces the 

ǎŜŀǿŀǘŜǊΩǎ ǇI ŀƴŘ ŎŀǊōƻƴŀǘŜ ƛƻƴ ƭŜǾŜƭǎΦ ¢Ƙƛǎ ǇǊƻŎŜǎǎ 

fundamentally compromises Biosphere Integrity by 

impairing the ability of calcifying organisms (e.g. corals 

and shellfish) to form skeletons, thereby endangering 

the health of coral reef ecosystems that support an 

estimated 25% of all marine species. 

For investors and corporates, this means that risk 

assessments have to be multi-system focused, taking 

note of the various interdependencies (i.e. consider 

water, carbon, and biodiversity as interconnected 

issues). A failure to recognise these cascading effects 

can lead to significant underestimations of material risk, 

with operational disruptions in one area often risking 

knock-on impacts (e.g. price shocks, supply chain 

collapses, or regulatory interventions) in another. Figure 

8 illustrates the scale of interconnectivity across these 

systems with the Appendix offering further detail.

Figure 8. Earth systems interconnectivity26 

         
 

 

26 .ŀǊƛƴƎŀ ŀƴŀƭȅǎƛǎ ƻŦ άtƭŀƴŜǘŀǊȅ IŜŀƭǘƘ /ƘŜŎƪ нлнрέ (supplementary materials), Potsdam Institute for Climate Impact Research (2025).  
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Figure 9. Other examples of prominent planetary boundary interdependencies27 

 
 

Case study 1. The Amazon tipping point 

The deforestation of the Amazon rainforest serves as a critical example of how Land-System Change drives Climate 

Change and Freshwater Change, with immediate economic repercussions for global agriculture. As trees are cleared for 

cattle and soy, the region loses its ability to recycle water, leading to severe droughts that impact agricultural output far 

beyond the rainforest itself. 

In 2023-2024, a combination of deforestation-induced regional climate shifts and El Niño caused a historic drought in the 

Amazon, rendering major rivers unnavigable and disrupting logistics for months. This caused an immediate economic toll: 

Soy yields in affected areas dropped significantly, with research indicating that deforestation-driven heat and drought 

caused an estimated $1 billion in losses for Brazilian soy and corn industries between 2006 and 2019 alone.28 

Furthermore, these extreme weather conditions contributed to global price spikes in coffee, a crop for which Brazil is the 

world's largest supplier, demonstrating how local ecological tipping points can trigger volatility in global commodity 

markets.29 

 

 

 

 

 

 

 

27 .ŀǊƛƴƎŀ ŀƴŀƭȅǎƛǎ ƻŦ άtƭŀƴŜǘŀǊȅ IŜŀƭǘƘ /ƘŜŎƪ нлнрέ (supplementary materials), Potsdam Institute for Climate Impact Research (2025)Σ YƛƴƎΩǎ /ŜƴǘǊŜ 

for Visualization in Science. 
28 "Agricultural yield losses from deforestation-induced heat-stress", Nature (2020). 
29 ά5ǊƻǳƎƘǘ ƛƴ ǘƘŜ !ƳŀȊƻƴέΣ ²ƻǊƭŘ wŜǎƻǳǊŎŜǎ LƴǎǘƛǘǳǘŜ ό2024). 

Forest clearing in the Amazon, Brazil 
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Case study 2. The Sichuan power crunch   

The 2022 drought in the Southern Chinese region of Sichuan illustrates the direct relation between Climate Change, 

Freshwater Change, and industrial stability. Given SichuanΩǎ reliance on hydropower for over 80% of its electricity, its 

energy grid is highly vulnerable to hydrological shifts.30 

In the summer of 2022, an extreme heatwave combined with the lowest rainfall levels in 60 years caused hydropower 

generation to decrease by 50%. To prevent grid collapse, authorities enforced a six-day industrial power cut, forcing major 

local manufacturers to suspend operations.31 This event highlighted a critical Ψhidden dependencyΩ: Global supply chains 

for electric vehicles and electronics were negatively impacted not 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 

aluminium smelting to solar panel production, serving as a stark warning of how water scarcity can abruptly strand 

industrial assets. 

 

 

 

 

 

 

Case study 3. The Caribbean sargassum crisis  

The massive influx of sargassum seaweed on Caribbean coastlines is a direct effect of disrupted Biogeochemical Flows 

(through nutrient pollution) interacting with system change in oceans. While complex factors are at play, nutrient runoff 

from agricultural intensification in major river basins, like the Amazon and Mississippi, is considered a key driver, feeding 

algal blooms that are then transported by ocean currents. 

The seaweed influx has had a damaging economic impact on the tourism-dependent Caribbean. In 2018 alone, the cost 

to clean up rotting seaweed from beaches across the region was estimated at $120 million.32 In Mexico'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 2019.33 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 fertilizer use in terrestrial agriculture 

activities in one country can destroy value in an entirely different sector (marine tourism) in other countries. 

 

 

 

30 ά!ǳǎǘǊŀƭƛŀΩǎ Dƭƻōŀƭ /ƭƛƳŀǘŜ wŜǎŜǘέΣ Climate Council of Australia & S&P Global Commodity Insights (2022).  
31 άThe Cost of InactionέΣ ²ƻǊƭŘ 9ŎƻƴƻƳƛŎ CƻǊǳƳ όнлнпύ. 
32 ά!ŦǘŜǊ ǊŜŎƻǊŘ {ŀǊƎŀǎǎǳƳ ƛƴŦƭǳȄΣ /wCa ƛƴƛǘƛŀǘŜǎ ŦŀŎǘ-ŦƛƴŘƛƴƎ ǎǘǳŘȅ ƛƴ /!wL/ha {ǘŀǘŜǎ ǿƛǘƘ ǎǳǇǇƻǊǘ ŦǊƻƳ WŀǇŀƴέΣ ¦b9t όнлмфύ. 
33 ά¢ƘŜ 9ŎƻƴƻƳƛŎ LƳǇŀŎǘ ƻŦ {ŀǊƎŀǎǎǳƳέΣ LƴǘŜǊ-American Development Bank (2022). 

Seaweed build-up on a Caribbean beach 
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3 Implications for business, investors, and 

society 

3.1 Geographic, sectoral, and temporal considerations 

Since not all Earth system impacts are equal, corporates and investors need to 

assess planetary boundary risks across geographic, sectoral, and temporal 

dimensions to fully understand their exposure and requirements for action.

Geographic considerations 

While the nine planetary boundaries (PBs) provide a 

critical framework for global stability, relying solely on 

global averages can be dangerously misleading for 

investors and corporates. Many boundaries, specifically 

Freshwater Change, Biosphere Integrity, Land-System 

Change, and Biogeochemical Flows, do not operate 

uniformly across the planet.  

A global average might suggest a boundary is "safe" at a 

macro level, masking acute regional transgressions at a 

local level that poses immediate operational risks. For 

instance, while Atmospheric Aerosol Loading is globally 

within safe limits, urban pollution over significant parts 

of Asia and Africa tell a different story, creating acute 

risk hotspots that the global status does not capture.  

Understanding this geographic nuance is essential: A 

ŎƻƳǇŀƴȅΩǎ ŜȄǇƻǎǳǊŜ ƛǎ ŘŜŦƛƴŜŘ ƴƻǘ ōȅ ǘƘŜ Ǝƭƻōŀƭ ǎǘŀǘŜ ƻŦ 

the Earth system, but by the specific health of the local 

ecosystems and markets where its assets and suppliers 

operate. 

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 of CO2e 

emissions in London has the same atmospheric effect as 

one in Beijing), other boundaries show distinct regional 

patterns. Freshwater Change, for example, constitutes a 

moderate materiality impact in Europe with summer 

drought risks causing, amongst others, water stress in 

agriculture, but has a critical impact in North Africa and 

the Middle East, where severe water scarcity and hydro 

power challenges pose significant risks. Similarly, 

 

34 άaƛŘŘƭŜ 9ŀǎǘ ŀƴŘ bƻǊǘƘ !ŦǊƛŎŀέΣ International Water Management Institute (2026). 

Biogeochemical Flows are heavily concentrated in the 

intensive agricultural zones of the Northern Hemisphere 

(specifically in the US, Europe, China, and India), 

creating large-scale coastal dead zones, while large 

parts of Africa remain nutrient-deficient.  

¶ Asia-Pacific: APAC faces the most complex 

convergence of planetary boundary transgressions. 

Rapid industrialisation and intensive agriculture 

have driven Atmospheric Aerosol Loading and 

Biogeochemical Flows into high-risk zones, 

particularly in India and China. Freshwater Change 

is critical, with ice sheets in the Himalayas melting 

and major river systems, such as the Mekong, 

Ganges, and Yangtze, facing severe stress. 

Additionally, the region is a hotspot for Novel 

Entities via plastic pollution in marine 

environments, creating acute regulatory and 

reputational risks for supply chains. 

¶ Africa & Middle East: The primary risk here is 

Climate Change vulnerability as a result of extreme 

heat. This also exacerbates Freshwater Change 

issues, with the Middle East and North Africa the 

most water-stressed region globally34, threatening 

operational viability for water-intensive industries. 

Across Africa, Land-System Change is accelerating 

due to agricultural expansion and population 

growth, increasing the risk of desertification of the 

Sahel, as well as biodiversity loss, while Aerosol 

Loading from biomass burning remains a growing 

regional concern, especially in urban areas. 
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¶ Europe and North America: These regions bear the 

historical weight of Climate Change (through 

cumulative, historic emissions) 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 άnitrogen crisisέ35. While Aerosol 

Loading and Ozone Depletion are largely managed, 

Biosphere Integrity remains degraded due to long-

standing land conversion and urbanisation. 

¶ Central & South America: This region is central to 

global Biosphere Integrity and Land-System 

Change. Most crucially, the 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 poses one of the most material 

systemic risks to global climate stability and a direct 

physical risk to regional agriculture (e.g. via altered 

rainfall patterns). Extractive industries also face 

high risks related to Freshwater Change and Novel 

Entities in numerous sensitive biodiversity 

hotspots. 

 
Case study 4. The Panama Canal drought 

In 2023-2024, the Panama Canal Authority faced its worst drought since records began in 1950.36 Triggered by El Niño 

and exacerbated by long-term 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 an estimated revenue loss of between $500m-700m for FY 2024, the incident created a global shipping 

bottleneck. Ultimately, this delayed billions of dollars in goods and forced vessels to take longer, more carbon-intensive 

routes around Cape Horn or Suez. 37 

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 cascade into a macro-economic shock for global trade infrastructure. 

 

 

 

 

 

 

  

 

35 άbƛǘǊƻƎŜƴ ²ŀǊǎΥ Iƻǿ ǘƘŜ bŜǘƘŜǊƭŀƴŘǎ Iƛǘ ǘƘŜ [ƛƳƛǘǎ ǘƻ DǊƻǿǘƘέ, Green European Journal (2023). 
36 ά5ǊƻǳƎƘǘ ŎƻǳƭŘ ƳŀƪŜ ǘƘŜ tŀƴŀƳŀ /ŀƴŀƭ ƛƳǇŀǎǎŀōƭŜέΣ ²ƻǊƭŘ 9ŎƻƴƻƳƛŎ CƻǊǳƳ (2023). 
37 ά5ǊƻǳƎƘǘ ǿƛƭƭ Ŏǳǘ tŀƴŀƳŀ /ŀƴŀƭ ǊŜǾŜƴǳŜ ōȅ ǳǇ ǘƻ Ϸтлл ƳƛƭƭƛƻƴΣέ Newsroom Panama (2023). 

Ships passing through the Panama Canal 
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Figure 10. Geographic overview of Planetary boundary materiality38 

 

 

 

38 Baringa analysis of numerous scientific and thematic resources and organisations, e.g. Basel Action Network, Food and Agriculture Organization of the United Nations, Intergovernmental Panel on Climate Change, 

UN Convention to Combat Desertification, UN Environmental Programme, World Bank, World Health Organization, World Meteorological Organization, World Resources Institute, WWF ς see Bibliography for a full 

list of sources.  
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Info box: Implications for global businesses

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

1. Operational discontinuity: For example, a factory in a water-stressed basin (e.g. Mexico City or Chennai) faces 
physical shutdown risks that a competitor in a water-rich region does not, even if both operate in the same sector. 

2. Supply chain choke points: Many commodities are sourced from specific hotspots. For example, 80% of the world's 
almonds are grown in drought-prone California (subject to Freshwater Change risks), and significant semiconductor 
manufacturing is concentrated in water-stressed Taiwan, creating single points of failure for global value chains. 

3. Regulatory fragmentation: Companies must navigate a patchwork of environmental laws. For instance, a chemical 
banned as a "Novel Entity" in the EU might be legal in Asia, creating compliance complexity in present times, and 
liability risks as global standards tighten and regulatory harmonisation accelerates in the future. 

 

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

 

 

Sectoral & business activity considerations 

While the nine planetary boundaries represent a single, 

interconnected system, their relevance to business is far 

from uniform. Different economic activities act as 

primary drivers for different boundary transgressions, 

just as they face unique risks from those same 

boundaries. For instance, the Energy sector is the 

primary driver of Climate Change (via combustion) but 

has a negligible direct impact on Biogeochemical Flows. 

Conversely, the Agriculture sector is the dominant 

driver of Biosphere Integrity loss and Freshwater 

Change but is less central to Novel Entities compared to 

the Manufacturing and Chemicals industries. 

Understanding this "double materiality" - how a sector 

impacts the planet (impact materiality) and how the 

planet impacts the sector (financial materiality) - is 

critical for investors and corporates. A one-size-fits-all 

sustainability approach that (a) focusses solely on 

carbon emissions, and (b) assumes all sectors are 

uniformly exposed to planetary boundaries, is likely to 

fail to capture specific materiality vulnerabilities, e.g. 

critical water risks in semiconductor manufacturing or 

biodiversity risks in the fashion supply chain. 

As chapter 4 further below lays out, double materiality 

assessments (DMAs) are central requirements under 

existing regulations (most notably EU CSRD and SFDR 

ΨtǊƛƴŎƛǇŀƭ !ŘǾŜǊǎŜ LƳǇŀŎǘǎΩύΣ ŀƴŘ ƭƛƪŜƭȅ ǘƻ ŦŜŀǘǳǊŜ ƛƴ 

other sustainability regulations in the future



Applying Planetary Boundaries | Sustainable Investment Institute  

26 of 91 

Figure 11. Double materiality assessment per planetary boundary and sector39 

 

39 Baringa analysis of numerous scientific and thematic resources and organisations, including BloombergNEF, Carbon Tracker Initiative, Chatham House, ClientEarth, European Environment Agency, Food and 

Agriculture Policy Research Institute, Intergovernmental Panel on Climate Change, Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services, International Energy Agency, International 

Maritime Organization, Stockholm Resilience Centre, Swiss Re Institute, UN Environmental Programme, World Economic Forum ς see Bibliography for a full list of sources.   
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Figure 11 above maps five key sectors against the nine 

planetary boundaries. The y-axis represents impact 

materiality (how much the sector contributes to the 

problem), while the x-axis represents financial 

materiality (how much the problem threatens the 

sector's financial viability). The circles within the matrix 

denote the double materiality exposure of the sectors 

against the Earth systems and planetary boundaries ς 

letters within circles specify the sector, whilst the 

colours of the circles indicate the planetary boundary.40   

For example, the positioning of the ŘŀǊƪ ōƭǳŜ ά/έ ŎƛǊŎƭŜ 

means that the Construction / Built Environment sector 

is moderately affected by Ocean Acidification (since 

coastal erosion threatens property value and the 

effective functioning of the Real Estate insurance 

market), but has a low impact on this particular Earth 

system. Overall, the analysis uncovers a number of 

interesting findings. 

¶ Bottom-left segments (low-moderate impact 

materiality / low-moderate financial materiality): 

Some boundaries are less relevant for certain 

sectors. For example, Stratospheric Ozone 

Depletion is a low risk for Transportation and 

Energy because these sectors do not rely on ozone-

depleting substances like refrigerants, nor do they 

face direct losses from a thinner ozone layer. 

¶ Bottom-right segments (low-moderate impact 

materiality / high-critical 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 for the Transportation sector, for 

example due to low river levels halting inland 

freight on major waterways like the Rhine or 

aƛǎǎƛǎǎƛǇǇƛΣ ŜǾŜƴ ǘƘƻǳƎƘ ǘƘŜ ǎŜŎǘƻǊΩǎ ŘƛǊŜŎǘ 

consumptive use of water is minimal compared to 

Agriculture & Food. 

¶ Top-left segments (high-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 CO2 emissions from the Energy 

 

40 Please refer to Appendix for supporting commentary on the assessment of each circle in the DMA matrix, as well as current state and potential 

2050 outcomes for each of the principal sectors assessed. 

sector, yet energy companies face minimal direct 

financial loss from dying coral reefs. 

¶ Top-right segments (high-critical impact materiality 

/ high-critical financial materiality): These are the 

systemic risks where a sector is both substantially 

exposed and having a major impact on boundary 

transgression. The clearest example is the 

Agriculture & Food sector across Climate Change, 

Freshwater Change, and Biosphere Integrity. The 

sector drives these transgressions through land use 

and emissions, while concurrently its financial 

model is existentially threatened by heat stress, 

droughts, and pollinator collapse.  

From a sectoral lens, 7 /  9 planetary boundaries fall 

within these high-risk segments for Agriculture & 

Food, 6 /  9 for the Energy sector, and 5 /  9 for 

Manufacturing & Chemicals. 

From a planetary boundary point of view, four Earth 

systems appear in the critical/critical segment, and 

frequently in the other high-risk zones: 

i. Climate Change (green circles): A high-critical 

financial and impact issue for all five sectors, 

reflecting its systemic nature. 

ii. Freshwater Change (light 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 sectors, e.g. for 

Agriculture and Construction, reflecting the 

physical dependency on healthy ecosystems for 

land and raw materials. 

iv. Novel Entities (purple circles): High double 

materiality exposure for Energy and Agriculture 

& 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. 
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Info box: Agriculture & Food sector exposure ς current state and potential 2050 outcomes

In the current state, the Agriculture & Food sector faces unique double materiality exposure, with the highest number of 

Earth systems assessed as άŎǊƛǘƛŎŀƭέ ŀŎǊƻǎǎ ƛƳǇŀŎǘ ŀƴŘ ŦƛƴŀƴŎƛŀƭ ƳŀǘŜǊƛŀƭƛǘȅ.   

Agriculture & Food DMA ς current state 

 
 

 

Agriculture & Food acts as a primary driver (critical 

impact) for 5 of 9 planetary boundaries: Climate Change, 

Biosphere Integrity, Land-System Change, Freshwater 

Change, and Biogeochemical Flows.  

Its profound dependency on nature also makes it the 

most financially exposed, with critical financial 

materiality for 4 of 9 systems: Climate Change, 

Biosphere Integrity, Freshwater Change, and Ocean 

Acidification.

While the current state raises sufficient cause for alarm on its own, circumstances are likely to worsen in the 2050 base 

case scenario (revisit Figure 7 above for more detail), most importantly for Land-System Change and Ocean Acidification.  

Agriculture & Food DMA ς 2050 base case 

 

 

Major materiality movements: 

1. Deteriorating financial materiality for Land-System 

Change as agricultural expansion increases asset 

and land scarcity risks 

2. Worsening impact materiality on Ocean 

Acidification in lockstep with CO2 emissions; 

growing financial risks for fisheries industry 

3. Continued ozone recovery reducing phase-out 

costs for fumigants

 

In the adverse case scenario, dominated by regional rivalry, the sector faces numerous existential threats, as deregulated 

chemical use destroys soil fertility and Freshwater Change halts production in key breadbaskets.  

Agriculture & Food DMA ς 2050 adverse case  

 

 

 

Major materiality movements: 

1. Unregulated fertilizer overuse creates dead zones; 

financial risk increases due to soil toxicity and 

Phosphorus scarcity. 

2. Aggressive expansion for food security, land 

scarcity and degradation drive asset volatility. 

3. Heavy pesticide use pests leads to toxic soil and 

increased risks on litigation & market bans. 

4. /ƻƴǘƛƴǳŜŘ /hі ŀōǎƻǊǇǘƛƻƴ causes fisheries collapse 

and critically erodes value for seafood sub-sector. 
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Info box: Double materiality exposure of the Big Tech firms

Big Tech is currently driving one of the fastest expansions of infrastructure in human history, fuelled by the boom of 

Artificial Intelligence and Machine Learning. While these companies are leaders in renewable energy procurement, their 

absolute demand for energy, freshwater (for cooling), and critical minerals (for hardware and batteries) places intense 

localised pressure on specific planetary boundaries.

Big Tech DMA ς current state 

 
.ƛƎ ¢ŜŎƘ ŦƛǊƳǎΩ ŘƻǳōƭŜ ƳŀǘŜǊƛŀƭƛǘȅ ŜȄǇƻǎǳǊŜ ƛǎ currently 

most pronounced across four planetary boundaries: 

¶ Climate Change: While the Magnificent 7 are 

leaders in renewable energy PPAs (Scope 2), their 

Scope 3 emissions (hardware manufacturing and 

logistics) and the exponential growth in power 

required for AI model training keep their absolute 

carbon footprint highly material. 

¶ Freshwater Change: Hyper-scalers require millions 

of litres of water for cooling, and are often located 

in water-stressed regions (e.g. Arizona, Spain). 

Semiconductor manufacturing (critical for Nvidia, 

Apple, Tesla) is extraordinarily water-intensive. 

¶ Novel Entities: Tech hardware, batteries, and 

semiconductor fabrication rely heavily on PFAS, 

toxic solvents, and heavy metals. Furthermore, 

server racks create considerable global e-waste. 

¶ Biosphere Integrity: The indirect impact is highly 

material. The hardware required relies on intensive 

mining for critical minerals (lithium, cobalt, copper, 

rare earths), often driving stark habitat destruction 

and biodiversity loss in vulnerable ecosystems.

 

Big Tech DMA ς future scenarios 

In the 2050 base case, the Big Tech sector can be 

expected to successfully navigate the massive resource 

demands of the AI boom through aggressive innovation 

and regulatory alignment. To sustain exponential 

compute requirements, companies need to drive 

historic investments into next-generation clean 

baseload power, such as advanced geothermal and 

small modular nuclear reactors, largely insulating 

themselves from carbon pricing penalties. While 

absolute freshwater demand will remain high, the 

widespread adoption of closed-loop and waterless 

cooling technologies for hyper-scale data centres should 

prevent critical regional rationing. Furthermore, 

tightening global regulations can be expected to 

successfully force the phase-out of highly toxic PFAS in 

semiconductor fabrication, replacing them with circular 

economy models that aggressively recycle battery 

materials and server racks. Although transition risks and 

immense capital expenditures are likely to persist, 

coordinated sustainability strategies should allow the 

Magnificent 7 to maintain operational resilience and 

secure uninterrupted global supply chains. 

The 2050 adverse case scenario envisions a severely 

fragmented operating environment where unchecked 

ecological deterioration would structurally break Big 

¢ŜŎƘΩǎ ǇƘȅǎƛŎŀƭ ƴŜǘǿƻǊƪǎΦ !ǎ ŦǊŀƎƳŜƴǘŜŘ ǇƻǿŜǊ ƎǊƛŘǎ 

fail to support hyper-scale AI energy demands, it is likely 

that extreme weather events trigger catastrophic, 

systemic blackouts across critical data centre nodes. 

Concurrently, chronic and severe regional water scarcity 

would force local governments to permanently ration 

industrial water use, paralysing both water-dependent 

semiconductor fabrication hubs and data centre cooling 

systems. Furthermore, a lack of cohesive global 

regulation would likely result in rampant e-waste 

dumping and unregulated chemical pollution, exposing 

major hardware and battery manufacturers to multi-

billion-dollar retroactive litigation. Ultimately, 

geopolitical fragmentation would probably drive 

destructive, uncoordinated mining for critical minerals, 

triggering localised habitat collapses and draconian 

urban logistical bans that transform environmental 

failures into existential financial risks, permanently 

stranding vital technology assets. 
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Info box: Implications for global businesses 

Corporates with complex value chains and/or  material business activity across multiple sectors and business activities 
must review their exposure at a sector- and asset-specific level, in addition to factoring in geographic considerations 
of planetary boundaries. 

CƻǊ ŜȄŀƳǇƭŜΣ ŀ ǘŜȄǘƛƭŜ ŎƻƳǇŀƴȅΩǎ ƛƳǇŀŎǘ ƻƴ .ƛƻǎǇƘŜǊŜ LƴǘŜƎǊƛǘȅ ŀƴŘ [ŀƴŘ-System Change varies wildly depending on 
whether it sources leather (high land footprint and methane emissions) or synthetic fibres (high Novel Entities risk due 
to microplastics).  

This is in addition to the already established geographic factor: A semiconductor plant faces critical Freshwater Change 
risks in arid regions, but only moderate risks in water-abundant regions. 

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

 
 

 
Case study 5. Material liabilities ƛƴ Ψforever cƘŜƳƛŎŀƭǎΩ41  

In addition to the damages they cause to the planet, Novel Entities also poses a critical, latent financial risk. For decades, 
Chemicals manufacturers produced PFAS (Ψforever chemicalsΩ) in significant quantities, given their mass use in everything 
from non-stick pans to firefighting foam. 

Regulatory and legal action in the area of PFAS has considerably increased in recent years. In 2023, one of the largest 
global Manufacturing businesses agreed to pay over $10 billion to settle lawsuits claiming its chemicals contaminated 
public drinking water systems across the US. The settlement did not cover personal injury claims or international 
liabilities, suggesting the final legal costs could be higher. 

This case illustrates how the impact materiality on Novel Entities can transform into a substantial financial materiality 
event (e.g. via litigation and fines), even decades after the pollution has occurred. It serves as a warning for sectors like 
Manufacturing & Chemicals that the allegedly "safe" release of new substances can serve as only a temporary illusion if 
safety thresholds are crossed. 

 

 

 

41 "3M Incurs $10.5 Billion Liability for Polluting Waterways with 'Forever ChemicalsέΣ TNFD & BloombergNEF (2024). 



Applying Planetary Boundaries | Sustainable Investment Institute  

31 of 91 

Temporal considerations 

While geographic and sectoral lenses reveal where and 

how planetary boundary risks manifest, a temporal lens 

reveals when these risks will become critical 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 action. Land System Change is also 

moving towards significant deterioration with critical 

ecosystems approaching their tipping point. Even more 

acutely, Freshwater Change, Biosphere Integrity, and 

Novel Entities have moved beyond high risk to 

immediate systemic crises, with accelerating 

deterioration and the highest urgency 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 investors and corporates, this distinction is vital. 

Some risks are slow(er)-moving "chronic" issues (such as 

Ocean Acidification), while others (Novel Entities, for 

instance) are accelerating strongly, requiring urgent 

mitigation strategies today to avoid unmanageable 

liabilities in the near-to-medium term. 

Figure 12 below categorises the nine boundaries by 

their speed of deterioration (trend and direction of 

travel) and time criticality (urgency of action required).

Figure 12. Planetary boundary temporal considerations42 

  

   

 

42 άtƭŀƴŜǘŀǊȅ IŜŀƭǘƘ /ƘŜŎƪ нлнрέ ŀƴŘ άtƭŀƴŜǘŀǊȅ IŜŀƭǘƘ /ƘŜŎƪ нлнпέ όƳŀƛƴ ǊŜǇƻǊǘǎ ŀƴŘ ǎǳǇǇƭŜƳŜƴǘŀǊȅ ƳŀǘŜǊƛŀƭǎύΣ tƻǘǎŘŀƳ LƴǎǘƛǘǳǘŜ for Climate 

LƳǇŀŎǘ wŜǎŜŀǊŎƘ όнлнрΣ нлнпύΤ ά9ŀǊǘƘ .ŜȅƻƴŘ {ƛȄ ƻŦ bƛƴŜ tƭŀƴŜǘŀǊȅ .ƻǳƴŘŀǊƛŜǎέΣ wƛŎƘŀǊŘǎƻƴ Ŝǘ ŀƭΦΣ {ŎƛŜƴŎŜ !ŘǾŀƴŎŜǎ όн023); Baringa analysis. 
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Info box: Implications for global businesses 

¢ƘŜ ǘŜƳǇƻǊŀƭ ŎƻƴǎƛŘŜǊŀǘƛƻƴǎ ƻŦ ǇƭŀƴŜǘŀǊȅ ōƻǳƴŘŀǊƛŜǎ ŎǊŜŀǘŜ ŀ άǘƛƳŜ ǾŀƭǳŜ ƻŦ ŀŎǘƛƻƴέ ŦƻǊ ŎƻǊǇƻǊŀǘŜǎ. 

1. Stranded asset risk: Investments in water-intensive 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. Regulatory whiplash: For rapidly deteriorating boundaries like Novel Entities, regulation often lags behind reality 
but can catch up abruptly. Companies relying on PFAS or single-use plastics face a cliff edge of sudden bans or 
litigation, as seen with the $10bn+ PFAS settlements in the US (see case study 5 above). 

3. First-mover advantages: Conversely, businesses that align with recovering boundaries (e.g. alternatives to ozone-
depleting substances) or solve immediate crises (e.g. water recycling / circular water technology) can position 
themselves to capture market share as competitors scramble to adapt - see chapter 5 below for more detail on value 
creation opportunities. 

 

Ultimately, only investors and corporates who assess their planetary boundary exposure in a manner that covers 
geographic, sectoral, as well as temporal considerations, are able to establish a comprehensive picture of risks and 
opportunities. 
 

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

 
 

Case study 6. Critical time in the Amazon Rainforest 

The Amazon Rainforest is racing against a ticking clock. Scientists estimate that if 20-25% of 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, the rate of deforestation stood at ~17%.43 

Consequently, this is not a distant theoretical risk, but a critical materiality exposure that is already causing harm at large 

scale. As outlined in case study 1, deforestation-driven heat and drought in the Amazon caused an estimated $1bn in 

losses in the corn and soy industries from 2006-2019. More recently, in 2023-2024 a historic drought driven by the 

interaction of deforestation and climate change rendered major Amazonian rivers unnavigable, disrupting billions of 

dollars in soy and corn logistics. The drought stranded communities and stalled industrial logistics in the Manaus Free 

Trade Zone, where companies faced a nearly 20% drop in economic output and a 300% increase in logistics costs due to 

delays and rerouting.44 On a macro scale, studies estimate that crossing the Amazon tipping point could cost the region 

up to $256 billion in lost GDP by 2050 due to the collapse of ecosystem services like rain-fed agriculture.45 

The Amazon exemplifies the convergence of Land-System Change (via deforestation), Freshwater Change (regional 

drought), and Climate Change (carbon sink loss). For investors, the "Amazon Tipping Point" is a material financial 

deadline: assets linked to local agriculture face imminent systemic devaluation if this temporal threshold is crossed.

 

43 ά/ǊƛǘƛŎŀƭ ǘǊŀƴǎƛǘƛƻƴǎ ƛƴ ǘƘŜ !ƳŀȊƻƴ ŦƻǊŜǎǘ ǎȅǎǘŜƳέΣ bŀǘǳǊŜ (2024). 
44 ά!ŦǘŜǊ ƘƛǎǘƻǊƛŎ нлно ŘǊƻǳƎƘǘΣ !ƳŀȊƻƴ ŎƻƳƳǳƴƛǘƛŜǎ ōǊŀŎŜ ŦƻǊ ƳƻǊŜ ƛƴ .ǊŀȊƛƭέΣ aƻƴƎŀōŀȅ όнлнпύ. 
45 ά!ƴ !ƳŀȊƻƴ ¢ƛǇǇƛƴƎ tƻƛƴǘΥ ¢ƘŜ 9ŎƻƴƻƳƛŎ ŀƴŘ 9ƴǾƛǊƻƴƳŜƴǘŀƭ CŀƭƭƻǳǘέΣ L5. DǊƻǳǇ όнлнмύ. 
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3.2 Financial impacts, risks, and failures caused by PB breaches 

Companies are required to navigate a multitude of material risks as a result of 

planetary boundary deterioration; managing these risks is further complicated by a 

set of market failures which cause systemic vulnerability.

As demonstrated by the regional vulnerabilities and 

sectoral risks outlined in chapter 3.1, corporates and 

investors are highly exposed to the deterioration of 

9ŀǊǘƘΩǎ ƴŀǘǳǊŀƭ ǎȅǎǘŜƳǎΦ It is therefore imperative that 

businesses identify and manage these planetary 

boundary risks to mitigate negative exposure and 

adverse impacts. Even more worryingly, as chapter 2.2 

above shows, transgressing Earth system processes 

cause these environmental risks to become increasingly 

intertwined, creating expanding feedback loops that 

amplify business disruptions. The 2026 World Economic 

Forum Global Risks Report underscores this importance, 

with its Global Risks Perception Survey (which 

represents perspectives from over 1,300 experts) 

classifying environmental risks as the most severe in the 

next 10 years.46  

The breach of planetary boundaries translates directly 

into material financial risks that undermine the 

fundamental drivers of corporate value. When natural 

systems destabilise and companies are affected (or seen 

as ill-prepared to protect themselves), the economic 

implications permeate through income statements, 

balance sheets, valuations, and funding costs. In 

essence, unpriced planetary-boundary-related risks can 

severely impact corporate financials across several key 

dimensions: 

¶ Cashflows: Disruptions to natural inputs (e.g. water 

scarcity, soil degradation) and extreme weather 

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 streams. According to a recent 

report by Ceres, land and sea use change and 

overexploitation of natural resources alone could 

pose multi-billion-dollar threats to the cash flows of 

major FMCG companies.47 

¶ Valuations: Companies with high exposure to 

deteriorating planetary boundaries face significant 

asset write-downs. Infrastructure, manufacturing 

plants, or real estate located in high-risk zones 

(such as flood plains or wildfire corridors) face the 

immediate threat of becoming stranded assets, 

destroying book value and compressing future 

earnings multiples. 

¶ Funding costs: As investors, credit rating agencies, 

and insurers increasingly price in physical and 

transition risks associated with Earth system 

deterioration and planetary boundary breaches, 

exposed corporates face higher risk premia and 

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. 

 
  

 

46 άDƭƻōŀƭ wƛǎƪǎ wŜǇƻǊǘ нлнсέΣ ²ƻǊƭŘ 9ŎƻƴƻƳƛŎ CƻǊǳƳ (2026) ς While environmental concerns are deprioritised in the short term, half of the top 10 

identified risks over the next 10-year period are environmental in nature, with extreme weather events ranked as the no. 1 risk. 
47 άbŀǘǳǊŜΩǎ tǊƛŎŜ ¢ŀƎέΣ /ŜǊŜǎ (2025). 



Applying Planetary Boundaries | Sustainable Investment Institute  

34 of 91 

 

 

Case study 7. Infrastructure failure and social catastrophe in Paradise, California48 

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

In 2018, faulty transmission infrastructure ignited the deadliest and most destructive wildfire in California history, which 
rapidly engulfed the town of Paradise, and resulted in 85 deaths, the destruction of nearly 19,000 structures, and the 
massive displacement of over 50,000 people. It is estimated that the fire, which lasted for 17 days, caused damages 
exceeding $16.5bn.  

This event exemplifies how the transgression of local and global environmental boundaries can accentuate the impacts 
of infrastructure failure and lead to social catastrophe, especially when affected businesses fail to identify and effectively 
mitigate against such risks. The transmission infrastructure operator, one of the largest US utilities, faced crippling 
financial consequences as a result of equipment maintenance failure, including a $3 billion liability specifically for social 
and environmental damages, ultimately forcing the utility to file for Chapter 11 bankruptcy. 

 

 

 

 

 
 
 
 
Case study 8. aŀǊƪŜǘ ŎƻƭƭŀǇǎŜ ƻŦ /ŀƭƛŦƻǊƴƛŀΩǎ ǇǊƻǇŜǊǘȅ ƛƴǎǳǊŀƴŎŜ ǎŜŎǘƻǊ 

As Climate Change and Land-System 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 facing an estimated coverage shortfall of $1.3-2.0tn.49 While State support exists through the California 
FAIR Plan, ca. 100,000 households remain uninsured, with the remainder facing premiums doubling or tripling in high-
risk zones.50 

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 projects, and existing Real Estate market values are severely threatened, illustrating how environmental 
tipping points can trigger immediate financial market contraction.  

 

 

 

 

 

 

 

 

48 "The economics of climate change: no action not an option", Swiss Re Institute (2021). 
49 άEconomic impact of the Los Angeles wildfireέΣ Zhiyun Li and William Yu, University of California (2025). 
50 ά¢ƘƻǳǎŀƴŘǎ ƻŦ [ƻǎ !ƴƎŜƭŜǎ ƘƻƳŜƻǿƴŜǊǎ ǿŜǊŜ ŘǊƻǇǇŜŘ ōȅ ǘƘŜƛǊ ƛƴǎǳǊŜǊǎ ōŜŦƻǊŜ ǘƘŜ tŀƭƛǎŀŘŜǎ CƛǊŜέΣ /.{ bŜǿǎ όнлнрύΤ ά/ŀƭƛŦƻǊƴƛŀΩs Insurance Crisis: 

How Homeowners Pay More fƻǊ [Ŝǎǎ ²ƘƛƭŜ LƴǎǳǊŜǊǎ tǊƻŦƛǘέΣ ¦ƴƭƻŎƪƛƴƎ !ƳŜǊƛŎŀΩǎ CǳǘǳǊŜ όнлнрύ. 

Burned vehicles following the 2018 wildfire in Paradise, California 

Wildfire smog over Los Angeles, California 
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At a more systemic level, planetary boundary risks extend beyond the idiosyncratic 

exposures faced by corporates and investors.  

As Earth system processes deteriorate, they redefine the physical and operational 

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

failures which further exacerbate the risks corporates and investors are exposed 

to.  Figure 13 below shows the main market failures caused and/or amplified by 

planetary boundaries, and how they affect businesses. 

Figure 13. Market failures driven by planetary boundary breaches51 

 

51 World Bank Group Cleaner Air Report (2025); CDP Global Supply Chain Report (2022); UNEP Ocean Panel Report (2022); WWF άValue at Risk in the Global Blue Economyέ (2026); UNEP άState of Finance for 

Natureέ (2026); IPBES άAssessment Report on Pollinators, Pollination and Food Productionέ (2017); World Bank Group Impact Assessment Report (2012); Baringa analysis. 
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How financial markets price in planetary boundary exposures at company level 

In light of the current gaps in planetary boundary 

understanding, accentuated by the systemic market 

failures outlined above, ŦƛƴŀƴŎƛŀƭ ƳŀǊƪŜǘǎΩ ŀōƛƭƛǘȅ ǘƻ 

effectively price in planetary boundary risks and 

exposures is worth a closer examination.  

Figure 14 and Figure 15 show the shareholder return 

performance of two portfolios from 2015 to 2025, both 

market-cap-weighted and equal-weighted, compared 

against their respective benchmark MSCI ACWI indexes. 

The first was composed of firms with higher exposure to 

planetary boundary risks (ΨPB-exposedΩ), and the 

second was made up of firms that appear better 

positioned to manage, mitigate, or adapt to planetary 

ōƻǳƴŘŀǊȅ ŜȄǇƻǎǳǊŜǎ όΨPB-mitigatedΩύΦ52  

 

Notwithstanding these fundamental differences in 

composition, to ensure overall comparability, both 

portfolios are constructed using the same criteria: 

¶ Sector focus: The portfolios are composed of firms 

operating in three sectors that are inherently 

vulnerable to planetary boundary movements ς 

Agriculture & Food; Manufacturing with intensive 

water use53; and Power & Utilities. 

¶ Geographic footprint: The portfolios contain firms 

from both developed and emerging markets to 

capture differing risk profiles, growth trajectories, 

and regional exposures.  

¶ Market listing: All firms trade on the MSCI All 

Countries World Index (ACWI). 

¶ Market cap: Only firms with a market capitalisation 

of $5bn+ are included, to minimise liquidity 

premium and company-size volatility factors. 

Figure 14. Total shareholder returns ς market-cap-weighted (2015-2025)54 

 
 

In Figure 14, for the market-cap-weighted analysis, the 

PB-mitigated and PB-exposed portfolios move in 

relative lockstep, albeit with the PB-mitigated portfolio 

showing higher returns for a five- and ten-year 

investment horizon (69% vs 54% five-year returns, and 

166% vs 135% ten-year returns, respectively). 

Furthermore, the PB-exposed portfolio shows returns 

 

52 To determine portfolio allocation, companies were assessed against four criteria: Geographic concentration (firms with a more concentrated 

operational footprint across environmental hotspot regions scoring highly on PB exposure), nature dependence (firm with a high proportion of 

revenues reliant on inputs such as mining or water scoring highly on PB exposure), mitigation strategy (firms with minimal evidence of proactive risk 

management scoring highly on PB exposure), and disruption track record (firms with history of environmental disruption scoring highly on exposure). 
53 e.g. Textiles, Automotive, Steel, Chemical Manufacturing, Semiconductor Manufacturing. 
54 Data baselined to 100 at end of Q1 2015; Sources: MSCI; Invesco; Investing.com; ETFreplay; Baringa analysis of 90 MSCI ACWI-quoted corporates. 

aligned with the broader MSCI All Country World Index 

(ACWI), while the PB-mitigated portfolio outperforms 

the broader index (mostly driven by strong shareholder 

returns from several large Manufacturing companies). 

This indicates that a limited market premium might exist 

for companies that are better calibrated to withstand 

planetary boundary deterioration over the long-term. 
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Figure 15. Total shareholder returns ς equal-weighted (2015-2025)45 

 
 

However, the equal-weighted analysis in Figure 15 is 

unable to corroborate this. While the PB-mitigated 

portfolio still outperforms the PB-exposed one (52% vs 

43% over a ten-year horizon), that delta substantially 

narrows over the last five years, when the PB-mitigated 

basket actually recorded negative growth (-7%), while 

the PB-exposed portfolio grew by 18%. Crucially, both 

portfolios underperform versus the wider MSCI ACWI 

(equal-weight) index, suggesting that the strong growth 

of a number of firms with high market capitalisation in 

both portfolios drive the high returns in the market-cap-

weighted portfolios. 

 

Key takeaways and analytical 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 exposed. While the market-

cap-weighted PB-mitigated portfolio suggests some 

outperformance vs the PB-exposed portfolio and the 

wider MSCI ACWI index, similar conclusions cannot be 

drawn from the performance of the equal-weighted 

portfolios.  

It is equally important to note that the analysis carried 

out contains several limitations, and serves primarily as 

a means to stimulate discussion and further 

investigation. Substantially more in-depth work and 

complex multi-variate regression analysis is necessary in 

order to gain a better understanding of whether and 

how planetary boundary exposure is truly incorporated 

in capital markets pricing and investment decision-

making, while limiting selection randomness and bias, 

and establishing causation rather than correlation 

between different parameters.  

 

 

 

  



Applying Planetary Boundaries | Sustainable Investment Institute  

38 of 91 

4 Regulatory and policy landscape 

4.1 Global standards and frameworks 

Global standards like TNFD, ISSB, and GRI are moving beyond climate to create an 

interoperable baseline for comprehensive planetary boundary reporting.

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 exclusively focussed on greenhouse gas 

emissions, driven by the urgency of climate change. 

More recently, there has been an accelerating shift 

toward a more comprehensive approach that 

encompasses a more expansive spectrum covering 

other planetary boundaries beyond Climate Change.  

This pivot is firmly rooted in the strong scientific 

foundations established by the Intergovernmental 

Panel on Climate Change (IPCC) and the 

Intergovernmental Science-Policy Platform on 

Biodiversity and Ecosystem Services (IPBES). The IPCC 

provides the world's most authoritative scientific 

assessments on climate change, detailing its physical 

science basis, impacts, and mitigation pathways. 

Concurrently, IPBES serves a similar role for nature, 

assessing the state of biodiversity and the ecosystem 

services it provides to society. Together, these bodies 

have scientifically demonstrated that climate change 

and nature loss are inextricably linked, where 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 in more 

detail. It first examines how global standards and 

frameworks are evolving to cover Earth systems and 

planetary boundaries, before diving into the specific, 

rapidly developing regulatory requirements across 

several key jurisdictions (the EU, UK, Australia, Japan, 

and Singapore). 

 

 

 

 

 

 

Over the last years, the global reporting landscape has 

matured from a fragmented array of voluntary, single-

issue initiatives into a more consolidated and 

increasingly mandatory baseline. 10 years ago, 

frameworks largely siloed environmental issues, with 

climate dominating the agenda via the Task Force on 

Climate-related Financial Disclosures (TCFD). Today, the 

landscape is pivoting to embrace the inter-

connectedness of the planetary boundaries framework. 

 

55 The Appendix contains detailed factsheets on all 21 global standards and regional/national regulatory frameworks assessed, comprising amongst 

others what the regulations aim to achieve, how they are aligned with other reporting requirements, and how planetary boundaries are covered. 

Major standard-setters 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 16 below sets out, at a high level, how 

the principal global standards and frameworks currently 

address the nine planetary boundaries.55



Applying Planetary Boundaries | Sustainable Investment Institute  

39 of 91 

Figure 16. Coverage of planetary boundaries by key global regulatory standards 

 

 
 

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 

deliberate Ψbuilding blockΩ interoperability 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 

architecture of TCFD (now subsumed by ISSB), creating 

a cohesive structural approach 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 

ƻǇŜǊŀǘƛƻƴŀƭƛǎŜŘ ǘƘǊƻǳƎƘ ¢bC5Ωǎ Ǉƻƭƭǳǘƛƻƴ ƳŜǘǊƛŎǎΣ DwLΩǎ 

ǿŀǎǘŜ ǎǘŀƴŘŀǊŘǎΣ ŀƴŘ {.¢bΩǎ ǳǇŎƻƳƛƴƎ ƳŜǘƘƻŘƻƭƻƎȅ 

for toxic chemicals. Furthermore, the handling of 

complex systemic boundaries like Atmospheric Aerosol 

Loading and Ocean Acidification reveals a distinct gap 

between reporting and target-setting. While both 

boundaries are effectively captured in global disclosure 

frameworks (e.g. through GRI and TNFD mandates on 

localised air pollutants), they currently lack dedicated, 

science-aligned target methodologies under SBTN, 

leaving companies without the precise quantitative 

blueprints that are already available for other 

boundaries like land and freshwater. 

Despite these discrepancies, it is reasonable to conclude 

that the time of "climate-only" sustainability reporting 

is coming to an end. Investors now possess the 

frameworks to demand more comprehensive Earth 

system disclosures. Going forward, best practice shows 

that corporates may proactively adopt double 

materiality assessments even where not strictly 

mandated, as the interoperability of ISSB, TNFD, and GRI 

creates a de facto global expectation. Navigating this 

successfully requires moving from siloed compliance 

and regulatory box-ticking towards integrating 

planetary boundary data and decision-making directly 

into core strategic and financial planning processes.
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4.2 EU and UK regulations 

The EU leads with a strict double-materiality mandate, while the UK pursues a 

pragmatic, disclosure-led approach prioritising single financial materiality. 

European Union 

The European Union has historically been the clear 

global frontrunner in translating Earth system science 

and voluntary frameworks into mandatory regulatory 

ǊŜǉǳƛǊŜƳŜƴǘǎΦ !ǘ ǘƘŜ ŎƻǊŜ ƻŦ ǘƘŜ 9¦Ωǎ ŀǇǇǊƻŀŎƘ ƛǎ ǘƘŜ 

double materiality mandate, 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 EU has engineered a comprehensive architecture 

that absorbed TCFD, aligned with TNFD, and integrated 

planetary limits into a standardised 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 EU advanced the "Omnibus 

I" package in late 2025, significantly recalibrating its 

sustainability ambitions to protect the competitiveness 

of the European marketplace. This regulatory 

simplification package drastically narrowed the scope of 

both the CSRD and CSDDD, exempting thousands of 

previously targeted companies to reduce administrative 

and operational costs; it also pushed back the deadline 

for transposition into national legal frameworks to give 

companies more time to prepare for compliance. 

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 planetary 

boundary codification, this recent wave of pushbacks 

signals a pragmatic shift, prioritising targeted 

enforcement on the largest multinationals rather than 

blanket market coverage. As such, for global corporates 

the European landscape remains a rigorous compliance 

exercise, albeit one with a newly narrowed focus on the 

most systemically significant players. 

Figure 17. Coverage of planetary boundaries by key EU regulatory standards 
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Given the strong alignment efforts undertaken at EU 

level, it is better to see the EU landscape not as a 

separate set of rules, but as a translation mechanism. 

The EU has engineered its directives to convert 

relatively abstract global planetary boundary concepts 

into specific compliance mechanisms. For example: 

¶ From ΨSafe Operating SpaceΩ to ΨDo no significant 

ƘŀǊƳΩ (DNSH): The scientific concept of Earth's safe 

operating space is translated by the EU Taxonomy 

into the legally binding DNSH principle. An 

economic activity cannot be classified as 

sustainable if its positive contribution to one 

boundary (e.g. building a wind farm) breaches 

another (e.g. destroying Biosphere Integrity). 

¶ From TNFD ΨLocateΩ to CSDDD ΨLiabilityΩ: The 

¢bC5Ωǎ ǾƻƭǳƴǘŀǊȅ [9!t ŀǇǇǊƻŀŎƘ ŀǎƪǎ ŎƻƳǇŀƴƛŜǎ ǘƻ 

locate their interfaces with nature. The CSDDD 

translates this exercise into a legal mandate. 

Essentially, if a company locates a planetary 

boundary breach in its supply chain, CSDDD can 

create obligations and liability exposure for 

mitigating that breach, moving the market from 

passive disclosure to active intervention. 

Ultimately, tƘŜ 9¦Ωǎ ǊŜƎǳƭŀǘƻǊȅ ŀǊŎƘƛǘŜŎǘǳǊŜ ǊŜǇǊŜǎŜƴǘǎ 

the most advanced jurisdictional attempt globally to 

codify the planetary boundaries framework into 

ŀŎǘƛƻƴŀōƭŜ ƭŀǿΦ ¢ƘŜ 9¦ ¢ŀȄƻƴƻƳȅΩǎ ǎƛȄ ŜƴǾƛǊƻƴƳŜƴǘŀƭ 

objectives effectively mirror the critical global 

processes, creating a legally binding definition of what 

constitutes a safe operating space for economic activity. 

However, the primary consideration for global 

corporates and investors today lies in navigating the 

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¦Ωǎ ǎǘǊƛŎǘ ŘƻǳōƭŜ ƳŀǘŜǊƛŀƭƛǘȅ mandate and the single-

materiality ISSB baseline adopted by most other 

jurisdictions. Consequently, companies operating within 

or exporting to the EU must treat the European 

standards as their highest common denominator, 

utilising the CSRD and the EU Taxonomy as the 

foundational blueprint for their global Earth systems 

data and compliance strategy. 

 

 

 

 

 

 

United Kingdom 

While the EU has pursued a highly prescriptive, double-

materiality framework, the United Kingdom has set out 

on a distinctly different course. Emphasising its role as a 

global financial hub, the UK has adopted a pragmatic, 

disclosure-led approach rooted firmly in financial 

materiality. Instead of mandating complex, cross-

boundary activity classifications, as evidenced by the 

official shelving of the UK Green Taxonomy in 202556, 

the UK relies heavily on global baselines like the ISSB to 

ensure interoperability and protect corporate 

competitiveness. 

 

56 The UK Green Taxonomy was abandoned in July 2025 following a government consultation which revealed only 45% of respondents expressed 

positive views about the regulation given the resource-intensiveness of regulatory adherence. ς source: HM Treasury (2025). 

In areas where the UK does set out more prescriptive 

requirements, however, such as the Biodiversity Net 

Gain, it does so with targeted local mechanisms rather 

than more demanding global supply chain liabilities.  

The most prominent regulatory focus point for 2026 is 

the rollout of the UK Sustainability Reporting Standards 

(UK SRS), which aligns very strongly with IFRS / ISSB, and 

constitutes a strong regulatory push on credible climate 

transition plans, as well as an ongoing calibration of anti-

greenwashing measures for financial markets. 

Mountain ridge in the Dolomites, Italy 
















































































