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How does ecological 
risk relate to 
commercial risk?

Ecosystem services and 
physical risks: freshwater 
availability



Gravity Recovery and Climate Experiment 2002-2017 (GRACE)



SOURCE: adapted from Scanlon et al., 2023





SUPPLY 
CHAINS & 
FUTURE 
SHOCKS

Virtual water 
flows between 
countries 
1996-2005
(km3 yr-1)



Source: The second National Infrastructure Assessment, October 2023

Co-benefits: InfrastructureCo-benefits: NFM

Source: SEPA Natural Flood Management Handbook 2015





Tipping points and
Biosphere stewardship

Carl Folke



New Biosphere Terrain
Feeding back on humanity

Polycrises
Climate change
Simplified biosphere
Intertwined systems
Interacting shocks
Tipping and 
thresholds

Earth beyond 6 of 9 PB



Regime shifts and tipping points –
fast and slow combine to produce surprise



Carl Folke, Stockholm Resilience Centre

Ecosystem tipping points 
and regime shifts

Scheffer et al 2001 Nature
Folke et al. 2004 Annual Rev Ecol Evol Syst

Regime shifts names are coloured according to ecosystem type: blue = marine regime 
shifts, green = terrestrial and orange = subcontinental regime shifts. 

Rocha, Peterson, Biggs 2015 PLoS One



Density of people exposed to 21 ecological regime shifts
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Wallington, Biggs, Peterson, Rocha ,Maciejewski.  Draft. A global analysis of ecosystems and people at risk of ecological regime shifts



56% of human 
emissions of CO2
have been taken up
in the biosphere so 
far (1430 GtCO2
from 1850-2019)



Galaz et al. 2018. 
Global Environmental Change
www.sleepinggiants.earth

http://www.sleepinggiants.earth/


2022

Searching (Chapin et al. 2022. Ambio)- Chapin et al. 2022. Ambio

Nyborg et al. 2016. Science



Social-ecological transformations
to Biosphere stewardship

19

Olsson et al. 2004. Social-ecological transformation for ecosystem management. Ecology and Society 
Gelcich et al. 2010. Navigating transformations in governance of Chilean marine coastal resources. PNAS 
Westley et al. 2011. Tipping toward sustainability: emerging pathways of transformations. Ambio. 



Corporate Biosphere Stewardship
a new business logic with the purpose of shepherding and 
safeguarding the resilience of the biosphere for human well-
being and fostering the sustainability of a rapidly changing planet

compliance conviction
adaptation innovation
incremental transformational
follower forerunner







Galaz, V. and D. Collste (eds, 
2022). Report for Stockholm+50. 
DOI: 10.17045/sthlmuni.19792957



Crona, Folke, Galaz 2021. One Earth

Globally, financial services will be critical for supporting 
corporate activities that regenerate and promote 
biosphere resilience as a key strategy to confront the new 
risk landscape of the Anthropocene. 

Failure to account for investment externalities will 
aggravate climate and other environmental change and 
set current sustainable finance initiatives off course.

Developing impact accounting systems of the 
Anthropocene reality that cut across financial 
investments and become a core part of capital allocation 
decisions.







Ecosystem services and physical risk 

The Royal Society 
October 3rd, 2024 



Nothing can function in the world without nature. It is our 
home and our life support system
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Human activity is destroying our most valuable asset 



Our planet is at a tipping point

Just this past week:



Source: World Economic Forum Global Risks Perception Survey 2023-2024

Source: Azote for Stockholm Resilience Centre, Stockholm University. Based on Richardson et al. 2023, Steffen et al. 2015, and Rockström et al. 2009

We are breaching our planetary boundaries
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Businesses that invest in nature can unlock huge opportunities 

Innovation Cost savings Enhanced 

performance
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Key priorities

❑ Repair & restore nature: engage in efforts to maintain pressure to deliver on ambitious 

targets

❑ Account for nature: set science-based targets & disclose nature-related dependencies, 

impacts & risks 

❑ Form transformative partnerships & engage in positive advocacy, eg, Business for 

Nature, One Planet Busines for Biodiversity, Planetary Guardians and others 

❑ Align financial flows with Global Biodiversity Framework & Paris



“There comes a time 
when humanity is 
called upon to shift to 
a new level of 
consciousness, to 
reach a higher moral 
ground. That time is 
now”

Wangari Maathai
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Legal risk to 
companies 

and directors

• Chair: Dame Julie Maxton

• Lord Robert Carnwath CVO

• Rebecca Stubbs KC

• Sharif A. Shivji KC



What are 
nature related 

risks?

• TNFD definition: risks that arise from loss of 
biodiversity, the degradation of ecosystems and the 
decline in the services that nature provides to 
businesses and the economy

• Include a company’s dependencies and impacts on 
nature

• Three main types:
• Physical risks
• Transition risks
• Systemic risks



How the legal 
landscape for 
companies is 

evolving

• Regulation of direct impacts on nature

• Regulation of indirect impacts through supply chains

• Control of access to markets and investment

• Reporting requirements for the largest companies

• Claims for misstating climate and nature credentials

• Prospect of novel climate and nature related claims

• Shareholder activism



How are 
directors 

affected?

• Duties codified in Companies Act 2006. Relevantly 
include:

• Fiduciary duty of loyalty (s. 172)
• Subjective

• No definition of success, but a list of factors, including “the impact of the 
company’s operations on the community and the environment”

• If director fails to consider a material risk, held to a higher, objective, standard

• Duty of care to exercise reasonable skill, care and diligence (s. 
174)

• Wide latitude given to directors in the exercise of their business judgment



Disclosure

• Regime highly complex and fact specific

• Pressure to make voluntary disclosure

• Direction of travel: voluntary → mandatory → informing 
the content of the duties of directors



Litigation 
round-up

• Nature of cases (Grantham Institute):
• Polluter pays cases
• Corporate framework cases
• Failure to adapt cases
• Climate-washing cases
• Transition risk cases

• Pool of claimants widening, e.g.
• Ecuador (2008)
• New Zealand: Te Urewera Forest (2014); Whanganui River (2017)
• Indian courts: Ganges, Yamuna



Ecocide  

• Countries with ecocide legislation: 
• Vietnam (1990)
• Georgia (1999)
• Post-Soviet states: Armenia, Belarus, Kazakhstan, 

Kyrgyzstan, Moldova, Russia, Tajikistan, Ukraine
• France (2021)

• Campaign to amend the Rome Statute of the ICC to 
recognise ecocide as the fifth international crime

• June 2021 definition: “unlawful or wanton acts committed with 
knowledge that there is a substantial likelihood of severe and 
either widespread or long-term damage to the environment 
being caused by those acts”
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How do ecological risks compare with other 
supply chain risks?
Dr Nicola Ranger
Director, Global Finance and Economy Group
Environmental Change Institute
University of Oxford



Key Messages:

Half of nature-related risks are related to supply chains

Climate and nature risks have different characteristics: overlapping footprints 
between risk and impact means businesses and banks can be “shooting 
themselves in the foot” 

The impacts of nature degradation via supply chains are ‘macro-critical’

Many historical shocks have a ‘nature signature’ 

Material compounding of nature-related risks with other supply chain risks



Findings come from a series of 
research papers in collaboration 
with fantastic partners as part of the 
NERC Integrating Finance and 
Biodiversity Programme and the 
Oxford Martin Systemic Resilience 
Initiative

Two upcoming papers:

‘Banks at Risk’ with Emma 
O’Donnell and Nathalie Seddon

”Toward UK systemic resilience to 
international cascading climate 
and nature risks” (FCDO funded)



Contents

Introduction: characteristics of nature-related risks and historical experience

Macro-criticality of nature-related risks:  findings from NGFS and UK studies

Compounding of nature, climate and wider risks to supply chains

Risk versus impact: a false dichotomy?

Conclusions



Evidence of materiality?

1. Conceptual understanding of risk transmission and 
characteristics

2. Historical performance of companies and economies

3. Case study-based evidence

4. Simulation – modelling future scenarios





Learning from Historical Analogues
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Historical example Date Geography Details

Shock and key 

economic receptors 

summary

Aral Sea Crisis
Ongoing from 

1960s
Central Asia

Significant decline in water levels starting in the 1960s. Diversion of water for agriculture 

led to the shrinking of the Aral Sea and increased salinity, devastating local ecosystems. 

(Micklin, 2007; 2016)

FISHERIES COLLAPSE

Swine Fever
Ongoing from 

2018
Asia-Pacific

Viral disease that effects pigs and boars. A 2019 outbreak in China affected 100 million 

people and increased food prices. As of 2021, the economic impact in China is estimated 

at 1.4 to 2% of GDP. (Lloyds of London and CCRS, 2023)

AGRICULTURE (MEAT); 

DISEASE OUTBREAK

‘Bivalves’ fisheries 

collapse (several 

examples)

Ongoing
Several regions 

worldwide

Overfishing coupled with disease, habitat loss and an increase in algal blooms from 

nutrient increase due to agricultural and urban runoff has resulted in bivalves collapse 

across the world. Negative impacts on ecosystem services include: provisioning 

(freshwater, fisheries), regulating (water purification) and cultural services which, in turn 

result in negative economic impacts. In addition, negative health impacts from 

contamination of seafood and fish. (Hammond et al. 2012 (and references therein); 

Gobler et al., 2022)

FISHERIES COLLAPSE

Dust Storms and 

Desertification
Ongoing

Several (notably 

Australia, North 

America and Asia)

Drought and overgrazing contributed to severe dust storms and desertification, impacting 

agriculture, air quality and -in some cases- visibility. [Several examples, e.g. Ghosh and 

Pal,2014.]

DUST STORMS, health 

impacts, property 

damage, aviation 

industry.

Forest to Savannas Ongoing
Several regions 

worldwide

420 Mill. have been deforested between 1990-2020 and recent studies have identified a 

potential forest to savanna tipping point for the Amazon beyond 40% deforestation. With 

over 1.6 billion people directly dependent on forests, the extent of this regime shift can 

have large negative impacts on ecosystem services including: provisioning), regulating 

and cultural ecosystem services. (Rocha et al., 2017 and references therein; UN-DESA, 

2021; Franklin and Pindyck, 2018)

FOREST REGIME SHIFT

Gulf of Mexico Dead 

Zone
Ongoing Gulf of Mexico

Agricultural runoff containing nutrients has led to the formation of a large hypoxic zone, 

affecting marine life. (Rabalais et al., 2002)

WATER QUALITY, 

EUTROPHICATION

Indus River Pollution 

and Water Scarcity

Ongoing 

(increasing)
Pakistan

Significant decline in water availability driven by increases in food production to cope 

with growing population and rise in commodities prices. Negative impacts including crop 

losses, migration to urban areas and social security. Heavy metal and microplastics 

pollution negatively impact fish and human health. (Zhang et al., 2020; Janjua et al., 2021; 

Tsering et al., 2021; Al-Ghanim et al., 2016)

WATER SUPPLY SHOCK; 

HUMAN 

HEALTH/RECREATION 

IMPACT OF WATER

Lake Chad Shrinking Ongoing Sahel

Over-extraction of water for irrigation and climate variability have led to a significant 

reduction in the size of Lake Chad, impacting water availability and ecosystems. (Gao et 

al., 2011; Jedwab et al., 2023)

WATER SUPPLY SHOCK; 

FISHERIES COLLAPSE; 

migration

Madagascar chronic 

loss of arable land
Ongoing Madagascar

Deforestation and unsustainable agricultural practices have led to extensive soil erosion 

and loss of arable land. (Scales, 2014; Harvey et al., 2014)

SOIL QUALITY 

DETERIORATION 

AFFECTS FOOD 

PRODUCTION

Identification of more than sixty relevant 
historical shocks, and focus on analysis of thirty-
two shocks selected as a sample for relevance, 
magnitude and quality of the evidence base

Conclusions:

•- Frequency and widespread nature of shocks

•- Not just the ‘poorest’ countries

•- Linkages between climate and nature

•- Complex interplay of social and political 
factors

•- Response to crises can aggravate impacts

•- Potential for cascading risks (supply chains)
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Cascading risks: supply chains versus wider macroeconomic amplification 



UK Nature Risks - Methodology



International risks account for more than half of 
all nature-related financial risks to the UK 
economy

The £3.8 trillion in assets from UK banks and insurers are 
dependent on a wider set of assets through supply chains, 
which may represent approximately £5.8 trillion of assets, 
of which £3.2 trillion, or 56% of the total upstream 
exposure are highly or very highly dependent on nature. 
International banks are particularly highly exposed.

International nature-related risks transmit to the UK 
economy through four main channels:





Nature-related risks are macro-critical

The deterioration of the natural environment in the 
UK and around the world could slow economic 
growth and lead to major shocks that could result 
in GDP being 6% lower than it would have been 
otherwise by the 2030s under two scenarios and 
12% lower under an AMR-pandemic scenario

Gradual (chronic) year-to year environmental 
degradation is as detrimental or more so than 
climate change; nature doubles climate losses

Environmental degradation increases the chance 
and impacts of an acute climate or health shock, 
and the combined effect would have a very 
material impact on the economy



Nature-related risks amplify climate risks

Environmental degradation increases the 
severity and likelihood of acute shocks 
related to climate change

The compounding impacts of climate and 
nature are macro-critical

Implications for Adaptation:
- Adaptation and nature are aligned
- Consider nature-climate feedbacks in risk 
assessment and disclosure
- Don’t forget indirect risks! 
- Integrate adaptation and nature within 
transition plans
- Engage with clients and investees
- Seek co-benefits from investments



First nature financial ‘stress test’
Warning –these results are conservative!

Even in the next decade, 
material impacts on the values 
of loans portfolios are expected. 

Looking across the portfolios of 
the seven largest UK banks, the 
analysis indicates possible near-
term adjustments in the values of 
domestic holdings of up to 4-5% 
for particular sectors and banks 
from nature-related risks alone. 
This is very conservative – does 
not include second-order effects 
or possible tipping points.  

Climate change would amplify 
these risks further. 



Nature versus wider 
Supply Chain Risks

With thanks to ECI colleagues: Jasper Vershuur, Jim Hall and team

Analysis suggests that for food 
supply chains, the impacts of 
environmental shocks on 
prices are on a par with other 
types of shocks, but the 
compounding effect can be 
very material. 



IMPLICATIONS: SINGLE OR DOUBLE MATERIALITY?
RISK VERSUS IMPACT



Supply Chain Opportunities



Key Messages:

Half of nature-related risks are related to supply chains

Climate and nature risks have different characteristics: overlapping footprints 
between risk and impact means businesses and banks can be “shooting 
themselves in the foot” 

The impacts of nature degradation via supply chains are ‘macro-critical’

Many historical shocks have a ‘nature signature’ 

Material compounding of nature-related risks with other supply chain risks



Scale and 
transmission

Sequential and 
compounding 

threats

Tragedy of the 
horizons

Tragedy of 
scale

Risk 
accumulation

Information 
asymmetries

Beyond tragedy 
of the horizon… 
rationale for 
regulatory 
intervention
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Thank you
For more information, please contact

Dr Nicola Ranger

Nicola.ranger@ouce.ox.ac.uk

https://www.eci.ox.ac.uk/research/global-finance-and-economy

 

mailto:Nicola.ranger@ouce.ox.ac.uk


Supply Chain Risks: 
Nature & Others

Jo Paisley, President, GARP Risk Institute 3 October 2024



Supply Chains Risks 

Future supply chains: resilience, agility, sustainability | McKinsey

Examples of shocks that might impact 
1. Labour dispute
2. Financial risks in a supplier – e.g. liquidity issues
3. Data/Cyber security incidents
4. Trade tensions
5. (Geo) Political risk
6. Social unrest
7. Nature and climate impacts

Examples of Factors Affecting Vulnerability
1. Visibility of suppliers
2. Strategic/ operational planning
3. Risk management
4. Redundancy/agility
5. Labour relations
6. Regional conflicts
7. Physical vulnerabilities & dependencies

https://www.mckinsey.com/capabilities/operations/our-insights/future-proofing-the-supply-chain


Nature-related Risk: Physical and Transition

Financial regulators’ focus on nature
Increased focus of ECB, DNB and BoE on nature risk 
materiality assessment

UK Environment Act
Rainforest products due diligence, Binding targets, inc. for air quality, 
water, biodiversity, and waste 

Biodiversity Net Gain Law (Delay Nov23->Jan24)
Most new developments to deliver min. 10% biodiversity net gain

Deforestation Regulation
Companies to ensure products not linked to deforestation

CSRD (EU Taxonomy) and CS3D
Defining environmentally positive and transition 

IFRS 1&2, U.K. TPT and EU CSDDD
Frameworks include nature components/considerations

FCA, anti-greenwashing reg & SDR, inc investment 
labelling (upcoming)

Covers sustainability claims including the environment

EBA Pillar 3 requirements & Dutch env and human rights 
due diligence bill.

Taskforce on Nature-related Financial Disclosures

Plus market, reputational and technological transition risks  



Climate and Nature Risk Management in Financial Firms 

Governance

Strategy

Risk Management

Metrics, Targets 
and Limits 

Scenario Analysis

Disclosure

Are the board and senior management engaged?  

Has the firm assessed risks and opportunities?

Is climate/nature risk integrated in day-to-day risk management?

Does the firm use metrics, targets and limits?

Does the firm use scenario analysis? 

What is disclosed? How advanced are they? 



Climate and Nature Risk Management Maturity Levels

68



Supply Chain Risks Are Often Opaque 

69

Supply Chains: Why Sustainability is 
the Best Form of Risk Management

EU Deforestation Directive: 
Overcoming Challenges in Supply 
Chain Transparency 

Two useful episodes: 

Research and thought-leadership at garp.org/sustainability-climate

https://www.garp.org/podcast/supply-chains-sustainability-risks-cr-220412
https://www.garp.org/podcast/supply-chains-sustainability-risks-cr-220412
https://www.garp.org/podcast/eu-deforestation-directive-cr-240208
https://www.garp.org/podcast/eu-deforestation-directive-cr-240208
https://www.garp.org/podcast/eu-deforestation-directive-cr-240208
https://www.garp.org/sustainability-climate


garp.org

About GARP | The Global Association of Risk Professionals is a non-partisan, not-for-profit membership organization focused on elevating 

the practice of risk management. GARP offers the leading global certification for risk managers in the Financial Risk Manager (FRM®), as 

well as the Sustainability and Climate Risk (SCR®) Certificate and ongoing educational opportunities through Continuing Professional 

Development. Through the GARP Benchmarking Initiative and GARP Risk Institute, GARP sponsors research in risk management and 

promotes collaboration among practitioners, academics, and regulators.

Founded in 1996 and governed by a Board of Trustees, GARP is headquartered in Jersey City, N.J., with offices in London and Hong Kong.

For more information, visit garp.org or follow GARP on LinkedIn, Facebook, and X (formerly Twitter).

HEADQUARTERS

111 Town Square Place

14th Floor

Jersey City, New Jersey 

07310 USA

+1 (201) 719.7210

LONDON

17 Devonshire Square

4th Floor

London, EC2M 4SQ UK

+44 (0) 20 7397.9630

HONG KONG

The Center

99 Queen’s Road Central

Office No. 5510, 55th Floor

Central, Hong Kong SAR, China

+852 3168.1532
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This document is the property of WRAP and may not be reproduced or reused without permission.

Collective action as an approach for tackling ecological 
risk

3rd October| Catherine David 

Ecological risk: what 
can my business do?



This document is the property of WRAP and may not be reproduced or reused without permission.
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The world produces 142.6 million tonnes of 

plastic packaging every year.1

 Enough plastic is thrown away every year to circle the 
earth four times.2 

Sources: 
1. OECD (2022) Global Plastics Outlook – Economic Drivers, Environmental Impacts and Policy Options
2. National Geographic Education, "Reality of Plastics," accessed October 2, 2024, 

https://education.nationalgeographic.org/resource/reality-plastics/.



This document is the property of WRAP and may not be reproduced or reused without permission.

74

This document is the property of WRAP and may not be reproduced or reused without permission.



This document is the property of WRAP and may not be reproduced or reused without permission.
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This document is the property of WRAP and may not be reproduced or reused without permission.



This document is the property of WRAP and may not be reproduced or reused without permission.
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70%
of the world’s accessible freshwater 
is used for agriculture

Source: WWF 
This document is the property of WRAP and may not be reproduced or reused without permission.



This document is the property of WRAP and may not be reproduced or reused without permission.

England’s Rivers in Crisis
77



This document is the property of WRAP and may not be reproduced or reused without permission.
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Photo: River Nar (Norfolk) 



This document is the property of WRAP and may not be reproduced or reused without permission.
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If food waste were a 
country, it would be 
the world’s third 
largest emitter…

Globally, 25-30% of total food produced is lost or 
wasted, and waste is estimated by the 
Intergovernmental Panel on Climate Change to 
contribute 8-10% of total man-made greenhouse gas 
(GHG) emissions.

This document is the property of WRAP and may not be reproduced or reused without permission.



This document is the property of WRAP and may not be reproduced or reused without permission.
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This document is the property of WRAP and may not be reproduced or reused without permission.



This document is the property of WRAP and may not be reproduced or reused without permission.
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45%
Of CEO’s don’t believe their companies can 
survive the next decade

Source: PWC (2024)
This document is the property of WRAP and may not be reproduced or reused without permission.



This document is the property of WRAP and may not be reproduced or reused without permission.

Thank you.

Catherine David

Director of Behaviour Change & Business Programmes

https://www.wrap.ngo/taking-action/food-drink/initiatives/courtauld-commitment


3 October 2024
Robert Blasiak

Mobilizing keystone actors for transformation



But what is a ‘keystone actor’ anyway? 





Who are they?
Österblom et al. 2015, PLOS ONE



How much do they produce?

11-16% of global catch and up to 40% of several of the world’s largest or most valuable 

stocks

Österblom et al. 2015, PLOS ONE



Where do they operate?

Handling >400 species from >900 subsidiaries operating in >100 countries

Österblom et al. 2015, PLOS ONE



… influence global governance processes and institutions

… dominate global production revenues and volumes

… control globally relevant segments of seafood production

… connect ecosystems globally through subsidiaries

KEYSTONE ACTORS



What is the research question? 



“… Sustainable leadership by keystone 
actors could result in cascading effects 

throughout the entire seafood industry and 

enable a critical transition towards 

improved management of marine living 

resources and ecosystems …” 



What does our experiment look like?



1st KEYSTONE DIALOGUE – November 2016, Maldives



• Improve transparency and traceability in our own operations

• Engage in concerted efforts to help reduce IUU fishing and ensure 

endangered species are not present in supply chains

• Engage in science-based efforts to improve fisheries and 
aquaculture management and productivity

• Engage in concerted efforts to eliminate any form of modern 
slavery

• Work towards reducing the use of antibiotics in aquaculture 

• Reduce the use of plastics in seafood operations

• Reduce our own greenhouse gas emissions 

• Secure new growth in aquaculture 

• Collaborate and invest in emerging approaches and 

technologies for sustainable fisheries and aquaculture 

• Support novel initiatives and innovations for ocean stewardship 

CEO statement from the 1st Keystone Dialogue



Eight of the world’s largest seafood companies working towards leadership in ocean sustainability

In collaboration with team of 19 independently-funded scientists from 9 institutions. 



Is it working?



2016   2017   2018   2019                          2020

Keystone dialogues / working meetings



Milestones over the past year:

•Commitments (2016)

• To time-bound goals (2020)

• To general reporting (2021)

• To public monitoring and reporting framework (2022)

• To specific reporting based on M&R framework (2023)

• To eighth annual CEO dialogue (NEXT WEEK!) 



A growing repository of publications

www.seabos.org

http://www.seabos.org/


Science of SeaBOS

Transnational 

Corporations as 

‘Keystone Actors’ in 

Marine Ecosystems. 

(2015)

PLoS ONE, vol. 10, no. 5. 

https://doi.org/10.1371/jour

nal.pone.0127533

Emergence of a

global science-business 

initiative for ocean 

stewardship. (2017) 

Proceedings of the National 

Academy of Science, vol. 

114, no. 34.

https://doi.org/10.1073/pnas.

1704453114

Scientific mobilization of 

keystone actors for 

biosphere 

stewardship.(2021)

Nature Scientific Reports, 

vol. 12, no. 3802.

https://doi.org/10.1038/s41

598-022-07023-8

Accounting and 

accountability in the 

Anthropocene.

Accounting. (2019) 

Auditing and Accountability 

Journal, vol. 33, no. 1., pp. 

152-177.

https://doi.org/10.1108/AAA

J-11-2018-3745

The Sounds of Science: 

Orchestrating 

Stewardship in the 

Seafood Industry (2023)

Elsevier. 

https://www.bokus.com/bok

/9780443152689/sounds-

of-science/



Thank you!
robert.blasiak@su.se
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