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About Ceres 
Ceres is a sustainability nonprofit organization working with the most influential investors and companies to build  
leadership and drive solutions throughout the economy. Through powerful networks and advocacy, Ceres tackles  
the world’s biggest sustainability challenges, including climate change, water scarcity and pollution, and inequitable 
workplaces. 
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The Ceres Accelerator for Sustainable Capital Markets (the “Ceres Accelerator”) aims to transform the practices and 
policies that govern capital markets in order to accelerate action on reducing the worst financial impacts of the global 
climate crisis and other sustainability threats. The Ceres Accelerator will spur capital market influencers to act on these 
systemic financial risks and drive the large-scale behavior and systems change needed to achieve a net-zero carbon 
economy and a just and sustainable future. For more information visit: ceres.org/accelerator. 
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In September 2020, as this report is being prepared, the backdrop onto which it will be released 
is unsettling. The U.S. economy is struggling under the stress of the COVID-19 pandemic, and the 
toll of centuries under discriminatory systems is manifesting itself in the inequitable distribution 
of lost lives and livelihoods along racial lines. As if living at a distance while reckoning with sys-
temic racism was not enough, 2020 has delivered Americans an onslaught of climate-related 
disasters. My home state of California has been sending the most devastating snapshots of the 
future. Wildfires in the West have engulfed as much acreage as the state of Connecticut, causing 
tens of thousands to flee their homes and millions to suffer unhealthy air and orange skies. 

Against this backdrop, Ceres’ new report Financing a Net Zero Economy: Measuring and  
Addressing Climate Risk for Banks investigates the impacts of climate change on the  
syndicated loan portfolios of U.S. banks. The report finds much greater exposure to risks  
associated with the transition to a low-carbon economy than has been disclosed. Neglecting  
to address these risks carries with it the potential to seriously damage financial institutions  
and the broader economy as a whole. 

Accordingly, banks should follow Ceres’ recommendations to urgently and more comprehen-
sively assess, disclose and mitigate climate risk and to align their financing with the goals of  
the Paris Agreement. But voluntary action will not be enough. As Ceres’ June 2020 report  
Addressing Climate as a Systemic Risk also found, this companion analysis concludes it is 
time for central banks and financial regulators to recognize climate risk as part of their mandate. 

Ceres focused on syndicated loans because they represent a significant portion of bank activity 
and data is publicly available. Using this data, the report identifies the potential risks associated 
with loans not just to the fossil fuel industry, but also to the industries that rely heavily on fossil 
fuel, such as heavy manufacturing, agriculture, construction and transportation. 

The report focuses on risks stemming from the transition to a low-carbon economy. It is  
important to keep in mind that transition risk is but one flavor of climate risk banks must  
manage. Physical risk (driven by extreme heat, drought, floods, wildfires, etc.) will affect the  
value of bank and customer assets, real estate loans and other lines of business. And as more 
communities, municipalities and states confront economic hardship resulting from climate  
impacts, banks and their customers must assess the risk of litigation for damages. 

FOREWORD

https://www.ceres.org/bankrisk
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The modeling in this report is intentionally illustrative and offers directional insights from  
sectoral-level analysis. In its focus on a subset of transition risks and dynamics, it does not  
profess to address the multiple modeling challenges previous studies have identified. To  
understand the full picture, we need the banks to move forward with voluntary actions outlined 
in this report. We also need federal and state financial regulators to act. In fact, if done well, 
voluntary private sector action and regulatory oversight will be mutually reinforcing, with the 
former reducing the burden of the latter, and greater oversight providing more certainty and 
guidance to the banks’ efforts. 

As bankers there is immediate action that you can take to reduce your institutions’ risk expo-
sure and to provide the capital needed to catalyze the low-carbon transition. As investors and 
customers your active questions and engagement are more critical than ever. As regulators 
and legislators, your voices and your actions are needed to set clear guardrails for the financial 
stability and sound management of our economy. As today’s climate challenges highlight,  
we do not have any time to waste.

 
 
 
 
 

Alicia Seiger 
Lecturer, Stanford Law School 
Managing Director 
Stanford University Sustainable Finance Initiative
September 2020 
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As the lynchpin of the global economy, banks have an essential role to play in minimizing the 
worst impacts of climate change. How banks respond to the climate risk that they individually 
and collectively face depends heavily on how they measure and analyze their exposure to it. 

The climate risk banks face stems from the failure of their clients to adequately prepare for  
a lower-carbon future. This risk has the potential to significantly damage financial institutions 
and the broader economy—and impede society’s ability to tackle climate change at the speed 
and scale required to avoid its worst impacts. This is doubly true because the understanding of 
tail risks—risks once thought too extreme to consider—has dramatically changed, first with the 
2008 financial crisis and now with the COVID-19 pandemic.  

Many banks have begun to act. Some lending policies are being adjusted for risky fossil fuel 
companies. Some banks have called on policymakers to address systemic climate risk. Global 
players including Barclays, [1] JPMorgan Chase [2] and Morgan Stanley [3] have even made climate 
commitments that cover their financing activities. 

But for most banks, the current view of climate risk is incomplete—it focuses narrowly on  
fossil fuel sectors or broadly on the need for policy action. It is what lies in the middle—the 
massive amount of financing banks provide to sectors, including agriculture, manufacturing, 
construction and transportation, that rely 
heavily on oil, gas and coal—that could 
threaten climate and financial stability  
if unaddressed. 

This report investigates the syndicated loan 
portfolios of the largest U.S. banks and their 
exposure to climate transition risk, which 
arises from the policy, regulatory, consumer 
preference and reputational impacts of the 
transition to a lower-carbon economy.  
It complements other leading-edge  
approaches and highlights the imperative 
for banks to use their proprietary data to 
fully test its findings. 
 
 
 
 

EXECUTIVE SUMMARY
 

https://www.ceres.org/bankrisk
https://www.jpmorganchase.com/ir/news/2020/adopts-paris-aligned-financing-commitment
https://www.businesswire.com/news/home/20200921005255/en/Morgan-Stanley-Announces-Commitment-to-Reach-Net-Zero-Financed-Emissions-by-2050
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Key Finding #1 
Over half the syndicated lending of major U.S. banks is exposed to climate transition risk 
because many bank clients in a wide range of sectors have inadequately prepared for  
emissions reductions in line with the Paris Climate Agreement. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Climate-relevant sectors in U.S. syndicated loan portfolios ($ billions). 

Given this potential exposure, every bank should assess its resilience against disorderly  
climate transition scenarios (brought on, for instance, by a sudden shift in investor and public 
sentiment around climate risks following a policy change). The limited publicly available data 
show that in a worst-case scenario, banks could sustain heavy losses on their syndicated loan 
book and, by extension, other areas of their business, as the market shares and profitability of 
unprepared clients decline.

Key Finding #2 
Banks may face substantial losses from direct exposure in the months following a  
major sentiment shift. 

• The “Core-Impact” view of banks’ exposure to the fossil fuel and electricity sectors produces 
modest loss estimates—up to 3% for the syndicated loan portfolio of an average bank.

• But the “Wide-Impact” view, which accounts for all non-financial, climate-relevant sectors  
(including energy-intensive manufacturing, buildings, transportation and agriculture)  
produces much higher average loss estimates—up to 18% on these loans.

https://www.ceres.org/bankrisk
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• The six largest banks in the U.S. all face above-average risk in the wide-impact results. 
 

Figure 2: Percentage losses on the syndicated loan portfolios of major U.S. banks (by sector) in the months following a shock.

These losses reflect a worst-case scenario, but only for a portion of each bank’s business and a 
single type of risk. Banks face other risks, including from physical risk (extreme weather, fires, 
droughts or sea level rise). They also face potential legal liability and risks from other elements 
of their business lines. Together, these could combine to ratchet up total exposure even more. 
Just as critical but perhaps less obvious is that banks also face indirect transition risk from 
interbank lending and other exposures within the financial system itself. This key driver of the 
2008 financial crisis has not been factored into publicly disclosed climate risk analysis to date. 

Key Finding #3 
Banks’ level of leverage and connectivity within the financial system could lead to substantial 
incremental climate risk. 

• The extent to which banks finance each other leads to indirect transition risk from  
exposure to other firms’ own direct risk.

• Additionally, banks could face balance-sheet contagion (or “fire sales,”) where  
assets are rapidly devalued and banks are forced to sell them to stay in compliance  
with regulatory capital requirements.

These results are not the final word. Individual banks have the power to substantially change 
this narrative and differentiate themselves from peers. Methodologies for stress testing 
and scenario analysis are robust enough to be widely used and provide a starting point for the 
urgent work of conducting more granular risk assessment at the client level. By improving client 
selection and engagement, banks will not just lower their risk and create new upside, they will 
help propel the transition to a zero-carbon economy. That will, in turn, minimize risks to finan-
cial stability and the entire banking sector and help catalyze more momentum to curb the most 
severe impacts of climate change by meeting the objectives of the Paris Agreement.

https://www.ceres.org/bankrisk
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Further dialogue and analysis around these complex issues is required, which is why  
Ceres views this report as the next step in a deeper collaboration with the sector on  
how to act on the report’s recommendations, which fall into three broad categories:  

Assess and Disclose Risk (Recommendations 1-5) 
Most firms in climate-relevant sectors today are exposed to climate risk, but there are a growing 
number that would greatly benefit from a low-carbon transition scenario. Quantifying the  
upside (and downside) at both the firm and portfolio levels will improve banks’ client selection 
and identify a larger number of investable opportunities that could offset potential losses. 

Improve Tools and Methods (Recommendations 6-9) 
Existing analysis can be strengthened by developing science-based, transparent valuation  
approaches that can be used to meaningfully engage clients on their own climate strategies. 
Key improvements needed as part of this include:  

• Requiring that clients provide more data in key climate-related areas, such as energy  
technology and emissions profiles

• Aggregating those data using methods such as carbon accounting
• Further developing risk management techniques, including stress testing and  

scenario analysis
• Building climate risk into day-to-day decision-making tools, such as client earnings models

Act to Mitigate Climate Risk and Ultimate Impact (Recommendations 10-13) 
Good analysis allows banks to decarbonize their portfolios through client engagement,  
which is critical for achieving real economy emissions reductions. Engagement only  
reduces risk if it leads to target setting and emissions reductions by clients, so banks need ac-
countability mechanisms to ensure this occurs. 

That is why Ceres is calling on every bank to set a Paris-aligned emissions target before  
the next major UN climate conference in November 2021. This should include detailed interim 
targets and specific timelines for sectoral portfolios to reach net-zero emissions— 
some sectors as soon as 2030, others by 2040 or 2050. 

This will ensure that client engagement is focused on results and also serve as an external  
signal about the bank’s own risk. Banks that set such targets will send an unambiguous  
message that they are serious about reducing their own climate risk and about building  
a just and sustainable global economy.  
 
 
 
 
 
 
 
 

→ 

→ 

→ 

https://www.ceres.org/bankrisk


FINANCING A NET-ZERO ECONOMY: MEASURING AND ADDRESSING CLIMATE RISK FOR BANKS                                                                         

10 | Ceres                             ceres.org/bankrisk

 
 
Ceres’ Recommendations for Banks

1. While this report focuses on transition risk, banks should assess all elements of  
climate risk and opportunity that may affect their business (including transition risk, 
physical risk and litigation risk), and disclose an overall assessment to investors and  
other external stakeholders.  

2. Banks should assess their entire balance sheet to identify which assets may be exposed  
to climate transition risk (including indirect risk from elsewhere in the financial system). 

3. Banks should disclose a portfolio risk assessment that identifies the sectors that the  
bank considers to be climate relevant and the percentage of assets in these sectors  
that the bank considers to be at risk. 

4. Risk assessment should include stress testing based on both backward-looking data  
(such as past emissions) and forward-looking data (such as planned expenditures).  
The findings of these analyses should be disclosed at a high level. 

5. U.S. banks should align their policy positions and lobbying with the regulatory recom-
mendations outlined in Ceres’ June 2020 report Addressing Climate as a Systemic Risk. 

6. Banks should use, improve and develop internal valuation tools that translate  
climate-relevant information into securities prices, earnings forecasts and  
value-at-risk estimates. 

7. Banks should seek industry agreement to use their market power and relationship  
leverage to incentivize clients to voluntarily disclose additional forward- and  
backward-looking climate data. 

8. Banks should internally prioritize and reward their employees for integrating climate  
considerations into day-to-day decision-making. 

9. Banks should recognize the risk mitigation potential of constructing a more  
fundamentally sound, equitable and sustainable economic system. 

10. Banks should publicly state that they will use engagement and leverage to accelerate  
client transition plans and wind down relationships that do not include such plans. 

11. Banks should communicate to employees and investors any risk-mitigation value  
they ascribe to their sustainable finance programs. 

12. Banks should set and disclose financing portfolio targets that are aligned with the  
goals of the Paris Climate Agreement and should include detailed interim targets and  
specific timelines for sectoral portfolios to reach net-zero emissions—some sectors as 
soon as 2030, others by 2040 or 2050. 

13. Banks should publicly commit to and begin work on the 12 recommendations above  
within the next year.  

 
 
 

https://www.ceres.org/bankrisk
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Climate linked events have cost the U.S. nearly $1.8 trillion since 1980 [1], with direct economic 
losses surpassing $500 billion between 2015 and 2019 [2]. Steeper economic losses are project-
ed in the years ahead if urgent, concerted actions are not taken by the private sector, policy 
makers and civil society to address the most severe impacts of climate change.  
 
The landmark Stern Review, The Economics of Climate Change, [3] warns that unmitigated 
climate change could cost the world 5 - 20% of GDP per year. In a 2019 CDP survey [4], 215 of the 
world’s largest public companies reported nearly $1 trillion at risk from climate impacts, much 
of it in the next five years. A London School of Economics study [5] projects that, unless ad-
dressed, climate change could reduce the value of global financial assets by as much as $24 
trillion by 2100—permanent damage far worse than the 2008 financial crisis. 
 
Against this backdrop, the Paris Agreement forged a political consensus around limiting the 
increase in global average temperature to well below 2°C, with the ultimate aim of limiting it to 
1.5°C. Achieving this goal would require an unparalleled ramp up of all low-carbon technologies 
in all countries.  
 
One way or another, whether through planned and deliberate actions like the Paris Agreement 
or in a disorderly manner because of lack of preparation, society and the global economy will 
have to make the transition to a low-carbon economy.  
 
 
This report investigates banks’ climate-related financial risks and their exposure  
to a disorderly transition. Based on the finding that a majority of bank lending is in  
climate-exposed sectors, the report also lays out a blueprint for bank action with  
key recommendations for how banks can discuss their climate risk exposure and  
the mitigation strategies they can use to address this risk exposure and broader  
climate-related societal impact. 
 
 
 
 
 
 
 
 
 

Introduction and Context
 

https://www.ceres.org/bankrisk
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Elements of Climate Risk 

At the highest level, climate risk is divided into transition 
risk and physical risk. Transition risks are the economic 
and financial risks arising from the policy, regulatory, 
consumer preference and reputational impacts of a 
transition to a lower-carbon economy. They are the focus 
of this report. Physical risks are the risks to real assets due 
to climate-fueled natural occurrences, such as sea level 
rise, fires, droughts and other extreme weather events [6]. 
Physical risk remains critical for banks and likely adds sub-
stantially to total climate risk. It is not discussed here, as it 
is complex enough to warrant its own study. Additionally, 
this report does not cover litigation risk associated with 
climate-relevant sectors (e.g., PG&E’s 2019 bankruptcy 
resulting from massive wildfire liabilities), as the analytical 
methods used would not apply. As a result, though this 
report investigates worst-case scenarios for transition risk,  
its findings are almost certainly an underestimate of the 
total risk exposure banks face. 
 
 
RECOMMENDATION
Banks should assess all elements of climate risk and opportunity that may affect their  
business (including transition risk, physical risk and litigation risk), and disclose an overall 
assessment of risk.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Elements of bank-sector climate risk and the scope of this report. Adapted from TCFD.

https://www.ceres.org/bankrisk
https://www.fsb-tcfd.org/publications/final-recommendations-report/
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A Disorderly Transition Scenario 

Based on the history of climate change politics in the U.S., this analysis assumes that the transition to a 
low-carbon economy will be unplanned and disorderly.  
 
Many scenario analyses assume (often implicitly) that economies will go through a planned, orderly  
energy transition and that the market will be able to anticipate price changes (on average). Under this  
assumption, the transition risk for banks and the financial system more generally is limited.  
 
In a disorderly transition scenario, companies should expect sudden economic shocks that rapidly change 
asset values, rather than gradual shifts. Recent market shocks related to COVID-19 show how unexpected 
price changes can have major impacts on high-carbon assets—Shell [7] and BP [8], among others, have  
taken multi-billion dollar write-downs in recent months. 

This analysis considers three types of shocks that could materialize:

1. Technological shocks (for example, the rapid drop in renewable energy production costs  
and fast increase in their performance, or the change in minimum technology standards)

2. Policy and regulatory shocks (for example, the disordered introduction of a global  
carbon tax or a climate-related change in bank capital requirements) [9]

3. Sudden changes in the climate sentiments of financial actors  [10], due to shifts in the  
expectations of market participants about the impact of climate risks (including items  
(1) and (2) and legal risk, reputational risk, etc.)

These three types of shock differ in the time scale in which they could materialize: 5-10 years for techno-
logical shocks, 3-5 years for policy shocks and one year or a matter of months for climate sentiments. The 
timeline for policy changes could be affected by the results of the U.S. elections in November and other 
key geopolitical events. The different types of shocks also differ in the ability of market players to anticipate 
their effect, with climate sentiments being the least predictable. Multiple kinds of shocks may also occur 
together or as a result of each other, making the situation even more uncertain. 
 
 
 
Regulators and institutional investors increasingly understand that the potential impacts of  
climate change and the investments needed to address them are a systemic risk for the  
financial system—as well as a source of transformational opportunities.  
 
Climate change has the potential to cause structural shocks to capital markets that could 
spread widely across financial and economic systems, impacting actors in a highly correlat-
ed and destructive manner [11]. As the Network for Greening the Financial System (NGFS), the 
group of more than 60 central banks and regulators created to focus on the potential financial 
threats of climate change, wrote in its first comprehensive report, “there is a strong risk that 
climate-related financial risks are not fully reflected in asset valuation.” [12] 
 

https://www.ceres.org/bankrisk
https://www.wsj.com/articles/shell-takes-22-billion-write-down-expecting-lower-oil-and-gas-prices-11593504718
https://fortune.com/2020/06/15/bp-net-zero-cost-billions-writedown/
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Transition risks are likely to affect the economy more broadly than other climate risks, impact-
ing many companies’ financial performance within the next few years [13]. Transition risks are 
expected to directly affect the value of fossil fuel-related assets. They are also expected to 
indirectly impact the value of assets in many other sectors. These impacts can be positive or 
negative, depending on whether firms anticipate the changes and adapt their business to thrive 
in a low-carbon economy [14]. 
 
A compelling case for bank action rests not only on the existence of mispricing but also on its 
materiality. Typically in financial risk assessment, materiality is measured by looking backward 
using historical data. Banks and investors are used to making decisions based on the bench-
mark in their respective markets [15]. Climate risks, in contrast, have to be assessed by looking 
forward at different climate scenarios. Historical information on economic and financial perfor-
mance is much less relevant to assessing the materiality of climate risk because its character-
istics and impacts on companies depend on the future evolution of the climate.  
 
A forward-looking assessment of climate risks that considers different climate scenarios is 
needed. Multiple methodologies have been developed to do this—a recent report [16] from the 
Banque de France provides an overview of the current state of the art. All these approaches  
(including the one used in this report) can and should be further improved but this is not an 
excuse for banks to delay action. In fact, many European banks [17] [18] [19] and the world’s largest 
investors [20] [21] are already employing these methods, indicating their robustness. Other banks 
must follow their lead and focus not on a single scenario but on how to make their portfolio  
resilient to all the possible scenarios that they could face.  
 
This requires an assessment of all the channels through which financial institutions are  
exposed to climate risk via their investments in firms and assets, considering not only firms’ 
emissions but also their location and their climate transition and adaptation strategies. This 
kind of assessment is critical for banks to undertake as they make decisions about lending,  
underwriting and asset management. Unfortunately, both banks and investors have been  
frustrated by low data availability or poor data quality or comparability—or all three. 
 
This creates a situation of gridlock between the financial sector and its regulators, where regu-
latory action would help banks get the kind of data needed for risk assessment. But regulators 
are waiting for investors and banks to prove there is risk before mandating more disclosure. 
 
Clarity from policymakers and regulators around climate risk is needed. Ceres’ recent report  
Addressing Climate as a Systemic Risk [22] provides detailed analysis of the kinds of regulation 
and policy action that would give U.S. companies and investors that clarity and ensure climate 
risk is regulated like any other major financial risk. The report lays out detailed recommenda-
tions key U.S. financial regulators could adopt under their existing mandates. Implementing 
those recommendations would provide a strong basis for the financial services industry to deal 
with climate risk in a robust and concerted manner. 
 
 
 
 
 

https://www.ceres.org/bankrisk
https://www.bis.org/publ/othp31.pdf
https://www.ceres.org/resources/reports/addressing-climate-systemic-risk


FINANCING A NET-ZERO ECONOMY: MEASURING AND ADDRESSING CLIMATE RISK FOR BANKS                                                                         

15 | Ceres                             ceres.org/bankrisk

RECOMMENDATION
U.S. banks should align their policy positions and lobbying with the regulatory 
recommendations outlined in Ceres’ report Addressing Climate as a Systemic Risk.
 
However, the urgency of climate change and the related risk to financial institutions means the 
industry cannot wait on regulators. The banking sector must move forward on voluntary dis-
closure, risk assessment and mitigation. Several banks [23] [24], including global players such as 
Barclays [25], JPMorgan Chase [26] and Morgan Stanley [27], are beginning to show the way, having 
committed to Paris alignment or net-zero emissions from their financing portfolios.   
 
This report lays out illustrative examples of the risk assessment banks should undertake and 
how it can be done even when data are limited. It is based on publicly available information that 
covers only a portion of banks’ businesses. Although it is indicative of the overall risk banks 
face, it is not intended as a benchmark or a definitive view of risk exposure. Rather, it is a call to 
action for banks to undertake and disclose more detailed analysis using internal data and then 
use that analysis to make better risk management decisions. It is also a guide for investors of 
the analysis they should expect from the banks in their portfolios.  

Section Analysis Sectors Data Key Finding Pg.#

1 Exposure to  
Climate Risk All Syndicated Loans

Over 2/3 of Loans Exposed  
Absolute Loan Exposure 
Relative Loan Exposure

20 
21 
22

3.1 Direct Losses - Core Impact Fossil Fuel, Electricity Syndicated Loans Average Loss of ~3% in a Crisis 31

3.1 Direct Losses - Wide Impact All Except Finance Syndicated Loans Average Loss of ~18% in a Crisis 31

3.2 Indirect Losses - Core Impact 
Losses Compared to Assets

Finance 
Finance

Syndicated Loans 
Syndicated Loans

Indirect Loss 160% of Direct Loss 
Direct and indirect losses are ~8% of  
bank assets on average

33 
34

3.3 Case Study - Mexico All Banco de Mexico Losses are Additive,  
including “fire sales” 56

Figure 4: Summary of technical analysis in this report. 

Banks face three main challenges in analyzing climate financial risk: 

1. Assessment of the exposure of economic activities to climate risk
2. Identification of the relevant sets of forward-looking climate scenarios
3. Integration of information about forward-looking climate scenarios into financial risk 

pricing and climate stress testing

This report discusses each of these items and the mitigation strategies banks can use once 
they understand their level of risk. Grounding bank responses to climate change in a solid,  
risk-based argument, in addition to the overwhelming moral case for action, should make it 
clear to every bank that measurement, target setting and disclosure are urgently needed  
to mitigate risk, improve competitive standing and ensure the goals of the Paris Climate  
Agreement are met. 

https://www.ceres.org/bankrisk
https://home.barclays/society/our-position-on-climate-change/
https://news.jpmorganchase.com/news-stories/jpmorgan-chase-adopts-paris-aligned-financing-commitment
https://www.businesswire.com/news/home/20200921005255/en/Morgan-Stanley-Announces-Commitment-to-Reach-Net-Zero-Financed-Emissions-by-2050


FINANCING A NET-ZERO ECONOMY: MEASURING AND ADDRESSING CLIMATE RISK FOR BANKS                                                                         

16 | Ceres                             ceres.org/bankrisk

Before climate risk can be fully measured and addressed, the parameters must be adequate-
ly defined. This may seem like an academic exercise, but it gets to the heart of the question of 
whether or not financing poses truly material climate risks. This section details why the first 
step in sufficiently understanding the scale of climate risk is ensuring that the scope of the 
analysis includes the full breadth of exposed sectors, rather than only the most carbon- 
intensive ones. 
 
A comprehensive banking sector response to climate change must start with addressing the 
apparent disconnect between the impact bank activities have on the climate and the risks 
faced by individual banks. Banks are at the center of the global financial system, providing lend-
ing to firms in all sectors and facilitating issuances of debt and equity for those firms. It is all 
but impossible for any industrial activity to occur without the involvement of a bank. As a result, 
bank financing decisions have a significant impact on what kinds of industrial activity occur. 
 
Almost every major bank has expressed concern about the impact of climate change on its 
business, customers and communities. Compared to many other climate-relevant sectors, 
banks have been outspoken about the need for policy to address climate change. For example, 
the CEOs of the largest U.S. banks worked with Ceres to make a public statement [1] of support in 
the lead up to the landmark Paris Agreement. 
 
However, the ability and willingness to address climate change has not translated into suffi-
ciently rapid action. Even as their policies have evolved, banks continue to allocate capital in a 
way that exacerbates climate change. Although the largest U.S. banks have made more than 
a trillion dollars in sustainable finance commitments [2] over the next ten years, impact assess-
ments such as the Banking on Climate Change [3] report [4] and the World Resources Institute’s 
Green Targets Tool [5] show that the overall impact of bank financing on climate change contin-
ues to be negative—in many cases, substantially so.  
 
This disconnect will continue until climate risk is part of day-to-day capital allocation deci-
sions—based on risk and return. Despite the growing consensus in the financial sector about 
the relevance of climate risks for economic performance and financial stability, research shows 
that financial actors are still not pricing climate-related risks (or opportunities) into the value of 
financial contracts or portfolios [6] [7] [8].  
 
Without a solid argument for climate action by individual banks that is grounded in risk, there is 
a collective action problem that discourages banks from acting based on an impact argument 
alone: any reduction in fossil fuel financing by one bank is likely to be offset by other banks tak-

SECTION ONE
Identifying Portfolio Climate Risk

https://www.ceres.org/bankrisk
https://www.ceres.org/news-center/press-releases/major-us-banks-call-leadership-addressing-climate-change
https://www.banktrack.org/article/banking_on_climate_change_fossil_fuel_finance_report_card_2019
https://www.wri.org/finance/banks-sustainable-finance-commitments/
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ing up that market share, resulting in a short-term disadvantage for the banks that move first—
and a lack of reductions of greenhouse gas emissions in the real economy. Additionally, without 
the risk case, it is difficult for U.S. investors to develop a solid fiduciary argument to ask banks to 
take action, even if the broader risk to their portfolio is unacceptable to them. 
 
Fortunately, the reason there is not a comprehensive risk case for bank climate action is not due 
to a fundamental disconnect between risk and impact. Rather, it is because of the specific char-
acteristics of climate risk and the inadequacy of common risk management tools for identifying 
that risk. Ironically, the resulting underpricing of the risk actually creates more risk for individual 
banks and the overall financial system—the mispricing of large and correlated assets can lead 
to asset price volatility and systemic risk [9], as it did with mortgage-backed securities in 2008.  
 
To date, most bank climate risk analysis has focused on a small number of sectors, largely 
treating them as independent from each other. Data availability has driven this, since stake-
holder pressure has primarily focused on obtaining climate-relevant information from fossil fuel 
and electric power companies. Attempts to apply standard risk management measures (for 
example, impact times likelihood) suffer from information gaps and short-term time horizons, 
along with a number of characteristics that makes climate risk distinct from other risks. 

Unique Elements of Climate Risk [10]  
 
Deep uncertainty    
Forecasts of climate change and its impact contain irreducible uncertainties because of the nature of the risks to the 
climate system, including tail events [11] and tipping points [12]. As the system gets closer to such tipping points, the 
possibility of irreversible environmental change increases, as does the possibility of triggering domino effects [13]. 
There is also uncertainty around the future productivity growth rate and the appropriate discount rate, both com-
monly used in cost-benefit analyses of climate change. Assumptions about these uncertainties are commonly made 
despite them being the object of fierce debate among economists [14, 15, 16] and still fundamentally uncertain.  

Non-linearity    
Recent analysis shows that effects from climate-related extreme weather events 
are highly non-linear [17]. Fourteen of the 15 hottest years on record have occurred 
since 2000, while 2015-2019 were the five hottest years on record [18].  
If this trend continues, historical data could be a poor predictor of future events 
and their magnitude – the core of climate risk. 

Forward-looking nature of risk    
While the time horizon of financial markets is typically a few months, the impacts 
of climate change are rolling out over years and decades. This creates a tendency 
for firms to delay action and also means that short-term financial impacts are like-
ly to come from shifts in policy, technology and market sentiment— potentially 
surprising firms that focus on only the long-term aspects of the problem. 

Endogeneity   
 The perceptions that policymakers and market actors have of future climate risks today have an impact on how these 
climate risks will play out. If governments delay policy action and market actors do not decarbonize their portfolios, 
climate risks could affect countries’ and investors’ financial stability in the near future. This endogeneity leads to many 
different possible risk pathways that would each have large differences in the prevalence of certain climate policies 
and energy technologies [19] [20].  
 

https://www.ceres.org/bankrisk
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The unique characteristics of climate change underscore why a new risk management  
approach is needed. A backward-looking approach to financial risk assessment based on 
historical data is a poor proxy of the materiality of climate-related financial risks. A more for-
ward-looking analysis of the characteristics of climate risks is crucial to informing effective 
climate-financial risk assessment. [21] While many banks are grappling with how to address this 
unique challenge, that work must move more quickly and should be discussed in relevant dis-
closures.  
 

Climate Policy-Relevant Sectors in U.S. Bank Lending Portfolios

A forward-looking assessment of how different economic development pathways affect  
climate risk is extremely complex. This kind of analysis needs to take into account the  
outcome of global policy negotiations, the speed and direction of technological change and 
changes in consumer behavior. There is a lot of uncertainty around each of these variables  
and they all affect each other in multiple ways. 

To deal with this uncertainty, a range of scenarios for future socio-economic pathways  
have been developed and quantified in the scientific community [22].These take into account 
projections of future energy trends, such as those developed by the International Energy  
Agency [23]. Climate policy scenarios focus on a given climate policy objective (for example,  
limiting global warming to 1.5°C) and make structural assumptions about global allocations  
of emission reductions and the pace of technological change. Such scenarios feed into  
integrated assessment models, [24] which show how different market sectors must change  
in order to meet climate policy objectives.     
 
These sectoral economic impacts are at the root of transition risk. Any evaluation of transition 
risk has to translate sector-level impacts (based on the integrated assessment model) to the 
firm or asset level (where banks make financing decisions). Right now, many financial institu-
tions select the most climate-relevant sectors to evaluate based on the expertise of their  
internal banking and sustainability teams. This often results in a focus on electric power and  
oil and gas. More systematic approaches, such as that used by Bank of America in its recent 
Task Force on Climate-related Financial Disclosures (TCFD) report [25], show a much broader 
range of sectors being affected. 
 
 
 
 
 
 
 
 
 
 
Figure 5: Constructing a probabilistic risk assessment from a set of scenarios and IAMs (illustrative). 

 
 

https://www.ceres.org/bankrisk
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Who is CLIMAFIN? 
 
The technical analysis in this report was developed by CLIMAFIN, a consulting firm founded by three  
leading researchers, each with deep expertise in the relationship between banking and climate change: 

Stefano Battiston   SNF Professor of Banking, University of Zurich 

Antoine Mandel   Professor of Applied Mathematics at the Sorbonne and the Paris School of Economics 

Irene Monasterolo   Assistant Professor of Climate Economics and Finance, Vienna Economics and  
Business University and Visiting Research Fellow, Boston University Global Development Policy Center

The CLIMAFIN methodology is the outcome of more than 10 years of scientific research and is  
notably being used by European regulators, such as the European Central Bank (ECB) [26] and the  
European Insurance and Occupational Pensions Authority (EIOPA) [27].  

This report uses a systematic mapping exercise to identify sectors potentially exposed to  
transition risk—the notion of Climate-Policy Relevant Sectors (CPRS) [28]. The CPRS classification 
groups sectors of economic activity in categories that are relevant for the assessment of climate 
policy according to three main dimensions: 

1. Contribution to greenhouse gas (GHG) emissions 
2. Role in the energy value chain (for instance the mining and quarrying sector has low direct 

emissions but high indirect emissions in the value chain) 
3. Sensitivity (for example, in terms of cost) to climate policy implementation [29]

At the broadest level, the CPRS classification aggregates economic activities into the following 
sectors:
• Fossil fuel   Activities related to the exploration, exploitation, transformation or distribution  

of oil, coal or gas. 
• Energy-intensive   Activities related to the production of goods or raw materials using  

significant amounts of energy [29], e.g., the production of steel, cement, chemicals or  
non-ferrous metals. 

• Utilities   Activities related to construction and operation of power plants. 
• Transportation   Activities related to the transport of passenger and freight by air, rail,  

road and water.
• Buildings   Activities related to construction and real-estate services.
• Agriculture   Activities related to the cultivation of plants or animals, including forestry. 
• Finance   Activities related to financial intermediation.
• Scientific R&D   Activities related to scientific research and development of new technology.
• Other   All other activities i.e., those that are not directly climate-relevant. This includes in 

particular non-energy-intensive manufacturing, service activities (other than transport and 
finance), retail and wholesale trade (other than motor vehicles). 

Each sector above (for example, Fossil fuel) is made up of several, more granular sub-sectors 
(such as Coal, Oil and Gas). These are referred to as CPRS2 sectors. The detailed classification 
scheme and full list of sectors can be found in Appendix C. 

https://www.ceres.org/bankrisk
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Data Details 
 
It is important to note that any risk analysis using publicly available data can only provide a directional  
indication of exposure. This is because the only non-confidential credit data available for U.S. banks are 
on syndicated loans (sourced from the Refinitiv DealScan® dataset). Although syndicated loans make up a 
meaningful portion of banks’ commercial loan portfolios (especially for the larger banks), DealScan shows 
exposure at a single point in time—the time of issue—which may differ from what is held on banks’ balance 
sheets at any point thereafter. In a previous study, Carey and Hrycray (1999) [30] estimated that DealScan 
loans covered between half and three-quarters of the volume for outstanding commercial and industrial 
(C&I) loans in the U.S. This, in addition to high-level disclosures in financial filings, suggests that the data is 
relatively representative of C&I lending in terms of sectoral distribution. But this is not the full picture—loans 
account for about 50% of U.S. bank holdings on average, [31] of which C&I makes up only about 30%. [32]  
This is why it is so critical for banks to conduct and disclose their own analysis using complete data. 
 

Applying the CPRS system to U.S. banking portfolios can be done by using a detailed analysis of 
their portfolio of syndicated loans. This shows that, at the aggregate level, the direct exposure 
of U.S. banks to the fossil fuel sector is 9.78%, in line with data presented in their existing climate 
disclosures. However, the relative exposure to all non-financial climate-policy-relevant sectors 
is large (more than half - 53.45%), mostly due to the financing activity conducted by the banks 
in the energy-intensive sector. Moreover, since banks are exposed to the financial sector itself, 
they bear additional indirect exposures to climate-policy-relevant sectors (another 16.16%). 

In total, over two-thirds (69.61%) of the aver-
age syndicated loan portfolio is exposed to 
climate risk. Figure 6 shows the aggregate 
amount of outstanding syndicated loans held 
by U.S. banks broken out by CPRS2 sectors. 
 

This finding is a major driver of the potential 
losses banks could face. The energy-intensive 
manufacturing sector is the largest exposure 
category, and it is rarely mentioned in banks’ 
climate disclosures. It is also not covered in 
the Environmental & Social Risk Management 
(ESRM) policies of any major U.S. bank, ex-
cept in very general terms. The same is true 
of banks’ exposure to other financial sector 
firms. Agriculture, transportation and build-
ings are also mentioned infrequently and, al-
though they make up a smaller portion of the 
syndicated loan book, they are nonetheless 

Figure 6: Percent of syndicated loans outstanding 
(for all U.S. banks in 2019) in each CPRS2 sector. 
Total exposure: $553 billion.

https://www.ceres.org/bankrisk
https://www.refinitiv.com/en
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important. They could very well represent a larger portion of non-public lending done by banks, 
particularly as it extends into the retail banking sector through auto loans and mortgages.
This analysis makes clear that, although emissions from fossil fuel do drive the majority of GHG 
emissions in the economy, the risks from those emissions are not limited to the fossil fuel and 
electricity sectors. They diffuse throughout the value chain and affect large parts of bank loan 
portfolios. However, not every firm or asset class in these sectors is exposed equally to climate 
risk. An auto loan to a consumer presents substantially lower climate risk to the bank than a 
syndicated loan to an auto company, and whether that auto company is Tesla or GM also mat-
ters a great deal. This heterogeneity means that further, more detailed analysis is required.  
Given that two-thirds (69.61%) of bank portfolios are potentially exposed (see Figure 6), this is an 
analysis that every bank should conduct immediately. 

RECOMMENDATION 
Banks should assess their entire balance sheet to identify which assets may be exposed 
to climate risk, including indirect risk from elsewhere in the financial system.

There is also heterogeneity in the sectoral exposure of individual banks. Figures 7 and 8 provide  
a sectoral breakdown for the largest U.S. banks. Their holdings are shown in absolute value  
(Figure 7) and in relative terms (Figure 8), again using the CPRS system.  

Figure 7: Climate-Relevant Sectors in U.S. Syndicated Loan Portfolios ($ billions). 
 
 

https://www.ceres.org/bankrisk
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Figure 8: Percentage composition of portfolio of syndicated loans of major U.S. banks by climate-policy-relevant sector.

The analysis also shows that there are large differences at the individual level for each bank in 
terms of volume and sectoral distribution of exposures. The three largest syndicated loan books 
(Bank of America, JPMorgan Chase and Citigroup) account for 45% of banks’ exposure, while  
the ten largest account for 85%. Based on high-level disclosures in financial statements, the 
syndicated loan data used may also be more representative of the overall loan portfolio for 
these large banks than it is for smaller banks—hence the focus on the largest institutions. 

Although there are differences between the largest banks in terms of sectoral exposure, the  
information needed to assess and manage climate risk will be more granular than what is 
shown here. Even large banks that look similar from a sectoral perspective may not face the 
same level of risk. The biggest differences in risk may show up at the asset level for banks that 
are fully diversified. Additionally, given the concentration of market share within the largest 
banks, systemic risk considerations also become more important.

Smaller banks (shown in aggregate above) display wide variation in sectoral distribution.  
This likely reflects their ability to focus on particular market segments and business lines  
(and differing levels of focus on syndicated lending). For them, understanding their market  
position as it relates to climate risk, and conveying this information to their investors, is  
critical. Given resource constraints and lower levels of expertise, starting at a broad, sectoral 
level is appropriate.
 
 

https://www.ceres.org/bankrisk
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RECOMMENDATION 
Banks should disclose a portfolio risk assessment that identifies the sectors that the  
bank considers to be climate-relevant and the percentage of assets in these sectors  
that the bank considers to be at risk.

Investors looking to distinguish banks from each other on climate risk have often con-
sidered the quality of disclosure as an indication of good risk management. [33, 34] Only a 
handful of banks have published any kind of portfolio assessment and, among U.S. banks, 
only Bank of America has published a sectoral assessment of risk. Some banks have 
used Moody’s Environmental Heat Map [35], which may provide a useful starting point until 
proprietary analysis can be conducted, particularly for smaller banks. However, as with 
credit ratings, there is significant advantage to be gained for banks to do their own more 
granular assessments. This report, as well as Moody’s work, is best used as an illustration 
and a starting point. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://www.ceres.org/bankrisk
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Conducting the analysis necessary to integrate climate risk into financial decision making is 
very complex and has yet to be fully done—or at least publicly disclosed—by any U.S. bank.  
This section identifies the current state-of-the-art in this important work and how to develop 
this further to get to the level of sophistication needed to make fully informed decisions.
 
Central banks, financial regulators, investors and individual financial institutions that have 
developed forward-looking climate scenario analysis have typically considered three to four 
different scenarios, often including: 

1. A scenario where transition risks predominate (as different sources of energy change  
in value), such as a 1.5°C or well-below 2°C scenario

2. A scenario where physical risks predominate (based on increasingly frequent severe  
weather and climate patterns), such as a 4°C scenario

3. A “too late, too sudden” intervention where both physical risk and transition risk are  
important, as is the disorderly nature of the transition 
 

This type of scenario analysis is valuable and aligns with the TCFD recommendations. But banks 
have struggled with how to integrate climate scenario analysis into risk management, given the 
long timescales involved and the difficulty in translating broad scenarios into specific financial 
risk metrics. The root of this difficulty is that scenario analysis, as a tool, is not designed for this 
purpose. 

Scenario analysis helps decision makers conceptualize a full range of possible outcomes given 
a certain situation and assess the resiliency of their business, typically at the executive level. 
It cannot be used for what might be called “decision modeling under uncertainty,” which en-
compasses many common banking tools, including stress testing, Value-at Risk (VaR) analysis, 
earnings projections and securities pricing.

Existing research, including the Green Swan report [1] from the Banque de France and the  
United Nations Environment Programme Finance Initiative (UNEP FI) TCFD banking pilot [2], has 
identified several pathways that link climate scenario analysis and stress testing. The steps 
needed include a probabilistic assessment of outcomes and variables, a formal mathematical 
model and risk tolerance thresholds for decision-making. The model used in this analysis is one 
of several that adopt a stress testing framework for this kind of approach, allowing scenarios 
to be translated into quantitative measures of risk. It is designed to supplement, not replace, a 
higher-level scenario analysis. The two should work in concert to provide decision makers with 
a full picture of climate risk and opportunity over different timescales and different kinds  
of planning and decision-making horizons.

SECTION TWO
Identifying Relevant Climate Scenarios

https://www.ceres.org/bankrisk
https://www.fsb-tcfd.org/publications/final-recommendations-report/
https://www.bis.org/publ/othp31.pdf
https://www.unepfi.org/publications/banking-publications/extending-our-horizons/
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There are a number of factors to consider when moving from scenario analysis to cli-
mate stress testing. Some are considered in existing approaches (like UNEP FI’s) but 
more work remains for banks to do. The unique characteristics of climate risk (deep un-
certainty, non-linearity and endogeneity) mean banks need to consider multiple scenar-
ios with unknown probabilities. Additionally, considering several scenarios (of different 
shock size and relative probability) is fundamental to computing the standard financial risk 
metrics used by investors, such as the Value at Risk (VaR) [3]. Good risk assessment departs 
from the idea of “most likely/feasible scenario” and considers instead several scenarios, rang-
ing from feasible to extreme, to assess how the climate-related VaR on a particular portfolio 
might evolve.

RECOMMENDATION 
Risk assessment should include stress testing based on both backward-looking data 
(such as past emissions) and forward-looking data (such as planned expenditures).  
The findings of these analyses should be disclosed at a high level.

Climate economics research has provided a diverse set of scenario models that meet the target 
of the Paris Agreement. Among these, the most often used, including by the Intergovernmental 
Panel on Climate Change (IPCC), are Integrated Assessment Models of Climate Change (IAMs) 
[4]. IAMs are equilibrium models of the economy that consider the economic impact of GHG 
emission targets and (to some extent) physical damages from climate change.  
 
This analysis uses the results of a series of recent policy evaluation projects (named LIMITS [5], 
CD-LINKS [6] and GREEN-WIN [7]) to create a consolidated assessment based on 13 different 2° 
climate policy scenarios (see Appendix E) and eight different IAMs developed by leading aca-
demic institutions. This produces a probabilistic assessment of the future output of different 
sectors of the real economy. Rather than test the impact of one specific scenario against a 
baseline scenario, this analysis measures the impact of one risk (transition risk) which may 
materialize in various scenarios. It is therefore non-specific as to exactly when a shock occurs 
and its main features—each scenario makes its own assumptions and they must be considered 
in aggregate.

Figure 9: How climate VaR is calculated (illustrative). Each box represents one scenario/IAM combination.

https://www.ceres.org/bankrisk
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IAMs are already being used by U.S. and global banks for scenario analysis (for example, the 
UNEP FI TCFD Pilot Project [8] uses the REMIND model), but generally only a single IAM has been 
used rather than a larger set. In bank analyses to date, as well as in stress testing approach-
es used by central banks and financial regulators, the macroeconomic model chosen (and its 
assumptions) plays a main role in channeling the impact of the climate shock into the economy. 
Using multiple IAMs reduces the sensitivity to any particular assumption. 
 
IAMs alone are not sufficient to conduct a financial stress test because they typically assume 
that the financial sector functions flawlessly and that climate-aligned investments are available 
without frictions or endogenous decision-making. Indirect impacts from financial sector inter-
dependencies and the potential for the financial sector itself to be the source of a shock (e.g., 
from a rapid change in investor sentiment) are layered on top of the IAM output in this report.
This is done using financial network analyses developed after the last financial crisis, which 
highlights:  

• The relevance of firms’ leverage and position in the financial network, and of  
network structure

• The role of network structure in amplifying shocks to the financial sector [9]

• The conditions where shocks can drive systemic financial risk [10] 

The illustrations below provide a visual representation of the difference between a scenario 
where financial actors are independent (i.e., using IAMs alone) and one where they are net-
worked together (i.e., these real-world considerations are integrated into the IAM analysis, as 
this study does). The wide extent of interbank lending in the U.S. financial system makes the 
networked model more appropriate for risk analysis. 
 

 
Figure 10: Illustrative comparison of networked (right) and non-networked (left) models of climate risk.

https://www.ceres.org/bankrisk
https://www.unepfi.org/banking/tcfd/
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The final question is which climate policy scenarios should be used as an input to the IAMs.  
The IPCC Special Report on Global Warming of 1.5°C [11] illustrated the severe consequences of 
not achieving the Paris Agreement’s most ambitious aspiration, and 1.5°C alignment has since 
become the benchmark for climate leadership. However, most current climate modelling still 
uses less ambitious scenarios. As a result, this analysis is based on the disorderly transition of 
the economy from a business-as-usual (BAU) trajectory to a trajectory compatible with various 
2°C policy scenarios (such as the scenario referred in the LIMITS database [12] as StrPol450ppm). 
Those trajectories are shown in Figure 11. It is worth noting that though this analysis incorpo-
rates some worst-case-scenario parameters, a 2°C outcome is not one of them. A disorderly 
transition to a scenario corresponding to 1.5°C of warming would require a steeper reduction of 
GHG emissions and thus a larger shock on the economic sectors involved. 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

Figure 11: Fossil fuel based primary energy production for a selection of baseline and 2°C scenarios, in exajoules/year.  
(Kriegler et al 2013)
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Scenario Assumptions: The Specifics 

This study uses 13 climate policy scenarios where atmospheric GHG concentrations in 2100 are 450-500 
parts per million of CO2 equivalent. According to the IPCC [13], this would keep the temperature change to 
less than 2°C relative to pre-industrial levels.  
 
In this analysis, the market initially expects a business-as-usual economic and emissions trajectory up to 
2050 and then, in the relatively near term, suddenly shifts to expecting a 2°C scenario in response to a 
policy shock. The policy shock is likely to be small but the resulting sentiment shock can be large and can 
amplify the policy effect. This sentiment shift takes place within the next five years. This corresponds with 
the scenario considered by the Principles for Responsible Investment [14], which forecasts “a response by  
2025 that will be forceful, abrupt, and disorderly because of the delay.” It is also consistent with the scenarios 
used by the Network for Greening the Financial System—in fact, those scenarios are partially based on 
CLIMAFIN work. [15] 
 
Two main policy instruments are used to achieve the target: carbon pricing and quantity constraints on 
emissions. The eight integrated assessment models (IAMs) used take as a given the climate policy objective 
and calculate least-cost economic pathways consistent with the policy outcome. Achieving a 2°C target 
requires a rapid shift away from fossil fuels and massive investments in renewable energy sources and the 
energy infrastructure. However it is not the case that the revenues of affected firms will instantaneously 
drop to levels consistent with a 2°C economy—only that investors suddenly expect that they will (in the 
longer term). Key developments that characterize the 2°C scenarios used include:

1. Full decarbonization of the electricity supply with massive expansion of low-carbon technologies, 
including wind, solar, biomass, CCS and nuclear

2. Electrification of energy use in homes, businesses and services, as well as transportation
3. Large-scale penetration of advanced biofuels in transport modes that cannot be electrified
4. Massive improvement in the energy efficiency of buildings

 
A commonly used indicator of the stringency of a climate policy scenar-
io is the implied carbon price. Across the set of scenarios considered in 
the analysis, the average carbon price is ~$16/ton in 2020 and ~$95/
ton in 2030, reflecting the increasing stringency of climate policy in 
that period. Note that this does not represent Ceres’ or CLIMAFIN’s view 
of the ideal carbon price; it is merely an output of the IAMs and scenar-
ios used. A more aggressive set of scenarios would produce a higher 
carbon price as a function of the larger distance from business-as-usual.

It is also important to note that the results of the stress testing exercise 
in the next section are not driven by the carbon price alone (in contrast 
to most similar analyses). Instead, shocks to the value of assets in the 
portfolio mainly come from changes in market share and revenues of 
sectors and firms caused by the structural economic impacts of the 
climate policy scenario. 
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The analysis of exposure to climate-relevant sectors and the selection of a relevant set of sce-
narios are critical first steps to fully informed decision-making. Next, this analysis and scenario 
selection must be incorporated into the stress testing of banks’ loan portfolios with respect to 
transition risk.  
 
In this report, this financial impact assessment is based on the climate stress test [1] included 
in the CLIMAFIN methodology [2]. It builds on the economic pathways determined by IAMs to es-
timate changes in value added (by sector) caused by the shift from business-as-usual to Paris 
Agreement-aligned scenarios. An estimate of the shock is obtained from the differences in out-
put across sectors between the two trajectories (business-as-usual and Paris-aligned) for the 
same IAM. Using multiple scenarios and multiple IAMs produces a range of possible outcomes, 
a weighted average of which is ultimately used to generate a consolidated outcome for each 
sector (see Figure 12) that does not depend on the assumptions of any single model.

These sectoral shifts are used to proxy the shock to the value of each firm’s assets in case of a 
disorderly transition. A credit risk model is then used to convert the impact of the shock into a 
probability of default by the bank’s client and on the value of that firm’s liabilities. The results of 
the stress test are presented in three stages:

1. Stage 1    An estimate of the direct (first-round) losses that banks may face  
through holdings in non-financial CPRS sectors

2. Stage 2   An estimate of the indirect (second-round) losses from the exposure  
to other financial firms’ direct losses

3. Stage 3   Further deepening of the indirect impact on banks’ balance sheets, through 
“fire sales” of distressed assets or, more technically, “balance sheet contagion”

Note that these three pathways are not independent—in many scenarios they reinforce each 
other. For example, “fire sales” are a third-round effect that is likely to compound with the sec-
ond-round effect associated with interbank lending. Although the three pathways are presented 
sequentially for clarity, readers should consider the Banco de Mexico example in Appendix D to 
understand how the stages build on each other. Again, recall that it is not the transition per se 
that is the source of risk, but the failure to prepare for its possibility. A more detailed description 
of the methodology can be found in Appendix A. 
 
 
 

SECTION THREE
Integrating Scenarios into Pricing 
and Stress Tests for U.S. Banks

https://www.ceres.org/bankrisk


FINANCING A NET-ZERO ECONOMY: MEASURING AND ADDRESSING CLIMATE RISK FOR BANKS                                                                         

30 | Ceres                             ceres.org/bankrisk

Stage 1 
Banks Face Direct Losses Due to Transition Risk
 
To date, banks’ assessment of climate risk has generally focused on the fossil fuel and electrici-
ty sectors. While this is partially due to data availability, there is logic in putting these two sec-
tors at the center of a conversation about transition risk. Because their products do generate 
the vast majority of GHG emissions in the economy, any sudden shock resulting from climate 
policy would have a severe impact on many companies in these sectors. Applying this report’s 
methodology to these sectors demonstrates this, as the negative impacts on the market share 
and asset values related to coal, oil and gas, shown below make clear (see Appendix A for a de-
tailed description of the models used to generate these numbers). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 12:  Estimated effect of a transition-related shock on climate policy-relevant sectors.

The fossil fuel and electricity sectors are designated as “core-impact” sectors, given how cen-
tral they are to the problem and how much existing bank risk analysis focuses on these sectors. 
Banks generally acknowledge that these sectors face climate risk, and have taken some steps 
to evaluate and control this risk through Environmental and Social Risk Management policies 
that require additional due diligence and, in some cases, place financing restrictions.

However, as described in Section 1, transition risk exposure is not limited to core-impact sec-
tors. In fact, exposure to these sectors for most banks represents less than 10% of their total 
lending. The biggest exposure to climate-relevant sectors for banks is in the sectors that use 
fossil fuels and electricity as key inputs, particularly energy-intensive manufacturing and  
transportation. Climate shocks flow through to these sectors based on the effect that curtailing 
fossil fuel supply (and/or raising its price) would have on their products and services. In a crisis 
scenario, the value of fossil fuel-based assets in these sectors would face a 40% loss of value, 
on average.

The impact of a climate shock on these sectors has generally not yet been accounted for in 
banks’ publicly available climate risk assessments, though these sectors make up close to 50% 
of syndicated loan portfolios in many cases (see Figure 8). These sectors are designated as 
“wide-impact” in the analysis below. 
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An estimate of portfolio-wide losses is generated by looking at changes in the probability of 
companies defaulting on their loans, based on the specific climate shock and the economic  
effects it would have on each sector. As loans are valued according to the expected payment 
they will yield, an increased default probability lowers the value of the loan because it increases 
the likelihood that the loan will not be repaid in full.  
 

Loss-Given-Default 

The loss of value on the loan, if the risk materializes, is measured by the loss-given-default (LGD). This anal-
ysis assumes a 100% LGD in the short run, a commonly made assumption in academic analyses of this kind. 
[3] [4] In reality, LGD follows a bimodal distribution [5] where losses on a particular loan are mostly near 100%, 
or under 10%. Over shorter time periods and in more severe crises, a greater proportion of loans fall into 
the former category. For example, in the 2008 financial crisis, the overall LGD for commercial and industrial 
loans was ~50%, but for loans that defaulted before 2009 (immediately following the shock) the LGD was 
about 80%. [6] Moreover, around 60% of defaulting loans had a workout period longer than six months, 
meaning that any recovery was uncertain during the depths of the crisis. So, although 100% LGD represents 
an upper bound on the losses banks could face in a worst-case scenario, in the absence of firm-level LGD 
projections (which banks should use in their own analysis), there is no obvious alternative assumption. This 
further highlights the illustrative nature of this report and the need for banks to conduct and disclose their 
own analysis. In the CLIMAFIN model, losses vary linearly with LGD, so alternative assumptions readers may 
wish to make are easily applied.  
 

Aggregating potential losses up to the portfolio level results in an assessment of the poten-
tial percentage loss on the entire syndicated loan portfolio of a given bank (See Appendix A 
for mathematical details). Figure 13 reports estimates of the relative losses for the largest U.S. 
banks in a crisis situation. Overall, the loss on the average syndicated loan portfolio amounts to 
~3% in the core-impact scenario and ~18% in the wide-impact scenario.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 13: Percentage losses on the syndicated loan portfolio of major U.S. banks in a worst-case scenario.
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The above chart is anonymized in order to highlight its illustrative nature. Rather than compar-
ing themselves to peers, banks should focus on the broader picture, which shows substantial 
risk for all banks and highlights the need for further analysis by each of them. In the core-impact 
sectors, relative losses are similar among banks and mostly concentrated around the mean 
~3% loss. Impacts are more varied in the wide-impact scenario, but many banks face very  
substantial losses. The six largest U.S. banks (Bank of America, Citigroup, Goldman Sachs, 
JPMorgan Chase, Morgan Stanley and Wells Fargo) are in this most vulnerable group. 

Note that the wide-impact scenario assumes that the shock on fossil fuel sectors is fully  
transmitted to the wide-impact sectors. This is an extremely adverse assumption. In particular, 
it assumes that banks do not monitor climate risk in their lending decisions. Since banks  
do monitor climate risk, these findings should be interpreted as indicative and as an  
upper bound on direct, transition-related losses for the scenarios used. Recall, however,  
that the analysis excludes physical climate risk and litigation risk as well as the indirect losses  
discussed in subsequent sections, and is based on 2°C rather than 1.5°C scenarios, so it  
should not be considered a worst-case scenario overall. 

In order to test the robustness of the findings to different shock assumptions, the average  
bank was also stress tested (“Average with Bank of England Assumptions”) using the  
Bank of England’s stress testing assumptions [7]. The results are in line with the wide-impact 
scenario though less severe. 

This analysis does not account for firm-level differences in exposure; it assumes all banks 
hold the same average-risk loan portfolio in each sector. It also assumes that loans originated 
by one bank remain on that bank’s balance sheet, since information about loan securitization 
is not publicly available, though in reality, syndicated loans are closer to a “flow” rather than a 
“stock”. This means that further work is required by banks to determine with greater accuracy 
the risk that they individually face. 

Given the substantial losses most banks incur in this analysis, climate transition risk should be 
considered as a potential material risk by banks, and treated as such in financial filings and 
communications with investors. Further analysis may show that risk mitigation efforts by banks 
have reduced the exposure, but claims to that effect should be supported by robust data and 
disclosure. Banks should not assume that they are protected because they fare better in this 
analysis than their peers. Some banks are already doing significant work to reduce their climate 
risk and more will follow their example as the extent of the risk becomes clear. Banks that do not 
act will be left behind as the market transforms. 
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Stage 2 
Banks Face Indirect Losses Due to Financial Network Exposure

The preceding section showed how all banks are exposed to climate risk, with some more  
exposed than others. Widespread exposure is a characteristic feature of all past systemic 
banking crises in the U.S. [8] Another common trait these crises share is a massive amplification 
of losses through financial networks. For instance, while the 2008 subprime mortgage crisis 
racked up an estimated $500 billion in direct losses [9], the crisis eventually triggered indirect 
losses within the financial system that were 10 times greater and losses for the global economy 
almost 100 times greater [10] [11]. The Federal Reserve emphasizes the same dynamic in its policy 
on systemic risk, saying that “interdependencies can also present an important source or 
transmission channel of systemic risk.” [12] 

The reason that indirect exposures have not typically been incorporated into climate risk man-
agement may be because of two commonly made assumptions that are well suited to certain 
types of risk analysis [13], but inadequate in cases where financial contagion is a concern (as it is 
with climate risk) [14]: 
 
1. Banks’ assets can be liquidated at any time with no loss, i.e., the recovery rate on external 

assets of banks is 100% 
2. The value of a bank obligation (prior to maturity) is unaffected by losses on its equity unless 

the bank defaults 
 

When assessing climate risk, banks should avoid making these assumptions, and instead 
should incorporate indirect risk into their analysis. This report does that by characterizing risk 
in terms of first and second-round losses. First-round losses are the direct losses from a shock, 
such as those discussed in the previous section. Second-round losses are the indirect losses 
in banks’ equity due to the devaluation of the assets they hold in other financial institutions that 
have been hit by the same shock. The magnitude of second-round effects can vary significantly. 
Traditional methods [15], yielding small second-round effects, are appropriate only under specif-
ic market conditions [16]. More recent research shows that second-round effects can be compa-
rable to or greater than the first-round effects (See Appendix B for mathematical details).

In fact, the second-round effects of a transition shock on  
syndicated loans are more substantial. On average, they  
represent 160% of first-round losses (i.e., ~5% vs. ~3%), although  
the largest banks are somewhat less affected. Figure 14 esti-
mates second-round losses for banks following a climate shock. 
First-round losses shown are the same as those in the core- 
impact scenario in Figure 13 above (and a ~3% loss for the average 
bank). Using the wide-impact scenario from the previous section 
would result in far greater second-round effects, as would the  
use of a 1.5°C climate scenario. 
 
 

 

The second-round effects of a  
transition shock on syndicated loans 

are more substantial.  
On average, they represent  

 160%   
of first-round losses  

(i.e., ~5% vs. ~3%)
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Figure 14: First and second round losses as share of assets (total syndicated loan assets on the balance sheet) in the core-impact 
scenario.  

Combined first- and second-round losses (the losses from direct exposure to a shock and 
indirect exposure to other financial institutions hit by the same shock) represent a substantial 
share of assets for most banks ~8% on average. While this loss might seem manageable, it 
is complicated by the fact that banks are highly leveraged (the average leverage ratio for U.S. 
banks is close to 10) [17]. This means that the losses could be much higher as a share of a bank’s 
capital stock, creating a risk of default. While available data is not sufficient to fully test this 
assumption, the risk is high enough that the industry must turn its full analytical power toward 
validating (or invalidating) these conclusions.  

RECOMMENDATION 
Banks should use, improve and develop internal valuation tools that translate climate-rel-
evant information into securities prices, earnings forecasts and estimates of value at risk. 

As above, the analysis does not account for firm-level differences. Climate risk data needs to 
be understood at a granular level within every bank, and the loan book needs to be put in the 
broader context of each bank’s business. Loans are often not just a business in themselves but 
a qualifier for other work, such as investment banking services. The potential impact on those 
services should be considered as well. Integrated relationships with clients flow into and out of 
the earnings models used to forecast client performance. Therefore, incorporating climate into 
earnings models is critical. This is discussed in more detail in Section 4.

The extent to which loans are actually exposed is critical as well. Some may be securitized or 
otherwise sold, and many large banks have extensive derivatives businesses that may include 
instruments that hedge or amplify climate risk. Derivatives strategies could materially affect 
a bank’s potential losses, positively or negatively, but investors have no visibility into how they 
might do so. That’s why it is imperative that banks conduct stress testing analysis themselves, 
and disclose the results to investors, regulators and the public. 
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Case Study: Bank X 

To crystallize how the loan portfolio analysis in Section 1 flows through the climate shock analysis in  
Section 3, it is useful to walk through an example. Consider Bank X, a real bank that that has percentage 
exposures to the core-impact sectors as follows: 

CPRS2 sector Fossil fuel: Other Coal Gas Oil Electricity

Percentage of loan 
portfolio (A)

3.4% 1.8% 1.2% 2.9% 2.7%

 
The average losses for these sectors (and the bank), based on the disorderly transition to a Paris-aligned 
world, calculates as: 

CPRS2 sector Fossil fuel: Other Coal Gas Oil Electricity

Sector loss from 
shock (B)

-40% -69% -23% -31% 27% Gain [18]

X’s Loss 3.1%
=Sum(A*B)

1.4% 1.2% 0.3% 0.9% 0.7% Gain

 
This results in a direct loss to Bank X of 3.1% of the value of its syndicated loan portfolio. Bank X has a  
leverage ratio (assets/equity) of 8.4 [19], so under the assumption that the syndicated loan portfolio is  
representative of the complete portfolio of the bank in terms of sectoral exposure, this would amount  
to first-round losses corresponding to 26% of total capital. 

Facing the same shock as Bank X, the mean  
U.S. bank faces a first-round loss as well: 2.7%  
of its syndicated loan assets. The mean leverage 
ratio among U.S. banks is 9.5 [20]. Thus, first-
round losses are 26% of capital, on average. 
Using a linear approximation, this implies a  
26% decrease in the value of the interbank  
liability of the average bank. Given that Bank X 
has an interbank leverage ratio (estimated  
interbank assets/capital) of 1.5, this results in 
second-round losses for Bank X amounting to 
an additional 38.5 % of capital (mean bank’s first 
round loss of 2.7% x 9.5 mean bank leverage 
ratio x 1.5 interbank leverage ratio).  
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Stage 3 
Fire Sales of Distressed Assets Exacerbate Systemic Risks

“Fire sales” of tradable assets (such as asset-backed securities) played a key role in the 2008 
financial crisis and have been extensively studied in the years since. Recent research has sug-
gested fire sales could play a role in the context of a disorderly climate transition [21]. 
 
If lenders and investors experience a sudden and unexpected shock, they risk triggering what 
former Bank of England Governor Mark Carney calls “a climate Minsky Moment.” [22] Named after 
an economist whose model was widely deployed to understand the events behind the 2007-
2009 financial crisis, a “Minsky Moment” would be, in this case, a snowballing scenario where 
a sudden drop in assets triggered by a bursting “carbon-price bubble” precipitates broader 
financial and economic instability.  
 
In “fire-sales” or, more technically, “balance-sheet contagion,” financial institutions enter into 
a cycle of asset sales and deleveraging (reducing the share of debt to total assets, a ratio that 
increases as asset values decline). The chain of events plays out as follows [23]:   
 
        1. A first negative shock on an asset class (such as mortgage-backed securities) causes   
               an increase in the financial leverage (or debt) of the banks exposed to that asset class  
       2. In an attempt to deleverage, i.e., to decrease the value of leverage back to its initial value  
               or to a target value, several banks sell part of the same asset  
       3. If the sale volume is large enough, it creates downward pressure on the price of the very  
               same asset, causing a further shock and a further sale reaction 

These dynamics are an important dimension of systemic risk monitoring among financial  
supervisors [24]. The idea that fire sales could play a role in a disorderly climate transition is 
relatively new, but is supported by recent research [25].  
 
The previous sections discussed both first-round shocks (direct exposure to climate-relevant 
firms) and second-round shocks (indirect exposure through financial networks). Fire sales can 
be thought of as “third-round” shocks, following initial losses from the first and second rounds.  
 
A simple and common assumption is that, during a fire sale, the new price decreases expo-
nentially with the amount sold, depending on its liquidity. The higher the market liquidity, the 
smaller the change in price. For example, in a scenario of moderate liquidity, a conservative 
assumption would be that the full liquidation of an asset class might decrease its price to 75% of 
its initial value. 
 
While previous sections of this report are based on partial (publicly available) U.S. data, that 
information is not sufficiently detailed to conduct a quantitative assessment of the third-round 
shock. However, qualitative insights relevant for the U.S. can be drawn from a previous  
collaboration [26] between CLIMAFIN and the Banco de Mexico, based on access to granular, 
non-public data (see Appendix D for full details of this analysis). This case study provides a 
useful illustration of how the three rounds of shocks aggregate together, a dynamic that would 
present similarly for U.S. banks. 
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For Mexican banks, the third-round (core-impact) shock is of approximately the same magni-
tude as the first- and second-round shocks combined, depending on initial market conditions. 
Given the lower liquidity in the Mexican system, this represents an upper-bound for the effect of 
climate-related fire sales on the U.S. financial system. 
 
The high sensitivity to financial market conditions provides another key insight that is  
relevant for U.S. banks. The timing and strength of a policy response is not the only determinant 
of the banking system’s potential losses. A milder climate policy shock occurring during poor 
market conditions can lead to larger losses than a more severe policy shock occurring during  
a stronger economic environment—a finding that is particularly relevant given the current  
instability related to COVID-19.  
 
This also suggests an incentive, beyond what already exists, for banks to invest resources in 
maintaining the stability of the financial system overall. The largest U.S. banks have the power 
and the business case to invest resources in a more stable and equitable economic system 
and to encourage regulators and policymakers to work toward the same goal. Lower inequality, 
a better social safety net and a market that rewards long-termism will all help to lessen volatili-
ty, maintain liquidity and decrease losses in cases of default. That will make future shocks less 
catastrophic and easier to manage than the 2008 and 2020 crises have proven to be.

RECOMMENDATION 
Banks should recognize the risk mitigation potential of constructing a more  
fundamentally sound, equitable and sustainable economic system. 
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Sections 1-3 make the analytical case that banks face substantial individual and systemic risk 
from their climate-related financing and that action is needed immediately. This section details 
how banks can fully measure the risks, capitalize on mitigation opportunities, establish public 
goals and incentivize the behavior needed to accomplish these critical actions. 

Prior sections assume that banks’ holdings have sector-average emissions profiles— 
meaning that banks have not changed their processes to mitigate climate risk in their  
portfolios. In reality, banks have begun to manage climate risk and disclose that to investors, 
although faster progress and a broader scope is needed. 

Many banks have been leaders in the adoption of voluntary climate-related disclosure frame-
works, including the Task Force on Climate-related Financial Disclosures (TCFD), the leading 
framework for climate risk disclosure that is seeing widespread global adoption (as of February 
2020, the TCFD had more than 1,000 supporting organizations representing a market capitaliza-
tion of over $12 trillion). [1] Other voluntary disclosure frameworks developed by the Sustainabili-
ty Accounting Standards Board (SASB) [2] the CDP [3] and the Global Reporting Initiative (GRI) 
[4] are also helpful for banks to consider.

Additionally, most global banks have disclosed Environmental and Social Risk Management 
(ESRM) policies that mandate enhanced due diligence for a wide range of transactions in  
certain climate-relevant sectors and some have restricted financing in some of the riskiest 
areas (e.g., coal mining and Arctic oil and gas development). These policies have become more 
stringent over time [5] [6]. And more work is being done behind the scenes than is apparent in 
public disclosures. 

Despite these restrictions, there is very little evidence that transition risk has been priced in as 
a consistent portfolio-level risk involving a broad range of actors and sectors for the full scope 
of climate policy relevant sectors [7] [8]. 
 
 
 
 
 
 
 

SECTION FOUR
From Bank Climate Risk Assessment to Mitigation
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Is Transition Risk Priced In?  
Looking at the structure and size of risk premiums (or the additional return required to make 
a more risky investment worthwhile) in these sectors suggests that transition risk has been 
applied as a reputational environmental risk that is specifically linked to particular companies. 
Studies that investigated the cost of capital for firms exposed to climate risk generally show 
that the risk, measured through historical emissions, increases the cost of debt. This effect is 
consistently observed globally, including in the U.S. [9], Australia [10], India [11], Canada [12], China [13] 

and Europe [14]. However, simply demonstrating awareness of the risk (through voluntary emis-
sions disclosure) negates the premium, reducing cost to where it would be without any climate 
risk at all. This is not consistent with a systemic view of climate risk as a driver of future financial 
results across affected industries.  

This idiosyncratic view of climate risk is also supported by strong evidence from multiple stud-
ies about the impact of environmental risks on firms’ market value [15] [16] [17] [18]. These studies also 
suggest that the market is misleadingly considering transition risk as a simple environmental 
externality. 

Overall, banks have expanded their lending to fossil fuel-related sectors in recent years [19], the 
opposite of what might be expected if climate risk was being fully considered at the portfolio 
level. No public action has been taken that would materially affect the results of the stress tests 
in earlier sections. There is also some evidence that ESRM policy changes are being driven by 
banks’ perception of reputational risk rather than of direct financial risk—particularly given that 
the large U.S. banks tend to move in quick succession to emulate the actions of peers on ESRM. 
Just as critical, the sub sectors where banks have implemented the strongest restrictions are 
ones that have declining financial importance to banks rather than ones that might present the 
greatest climate risk (although coal does fit into both categories). 

 
Banks have a strong financial incentive to manage risk effectively, especially when that risk  
has the potential to materially impact their financial performance. The mispricing of climate 
risk described above is something that banks are almost certainly moving to fix, just not at the 
speed required by the problem. 

In fact, several of the largest U.S. banks have publicly stated a need for better climate risk as-
sessment - JPMorgan Chase, Bank of America and Citigroup all mention it in their TCFD dis-
closures [20] [21] [22] . Citi, [23] Bank of America [24], Morgan Stanley [25] and Wells Fargo [26] have an-
nounced they will measure the carbon footprint of their lending portfolio, Wells Fargo noted that 
that process is expected to lead to target-setting, and Morgan Stanley [27] and JPMorgan Chase 
[28]  recently became the first major U.S. banks to make net-zero and Paris-aligned financing 
commitments, respectively. Rather than recalcitrance, the lack of sufficient public disclosures 
on climate risk by banks is likely due to a combination of the following factors:

1. A lack of fully tested tools and methods for robust portfolio-level risk assessment
2. A lack of fully tested tools, methods and data for robust firm-level risk assessment
3. A perception that the risk is impractical to mitigate and/or that there is a lack of invest-

able opportunities to mitigate the risk
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4. An inability or unwillingness to talk externally about internal risk management  
initiatives

5. Insufficient internal incentives within organizations to take action 
6. A perception that the risk is beyond banks’ risk management time horizon and that it 

can be dealt with quickly once that changes

As the findings of this report make clear, there are now tools for portfolio-level scenario analysis 
and stress testing that are forward looking, take into account the unique characteristics of  
climate risk, examine the potential for indirect risk and produce the quantitative outputs  
required by risk management teams. There is an overwhelming business case for banks to 
conduct and disclose portfolio-wide risk assessments immediately.  
 
In terms of time horizons, the relevant unit of analysis is not the maturity of individual financial 
instruments, but the length of the relationships between banks and their clients, encompass-
ing not just lending but the entire food chain of banking services. There is substantial value 
embedded in these relationships and it will take banks time to reevaluate them if it becomes 
necessary due to climate risk. Ceres’ future work on this issue will delve into the complexities of 
relationship banking and the need for longer time horizons than the nine- and 20-quarter view 
that is currently being used.
 
This section provides a brief overview of how each of the four remaining issues are currently 
approached by banks and makes suggestions for improvement within the context of a portfo-
lio-wide risk management effort aligned with Ceres recommendations. 
 

Firm-Level Risk Assessment
While an assessment of overall climate risk is the most crucial climate-risk-related output for 
banks, many of the mitigating actions a bank might take require firm-level analysis, as bank 
products and services are provided at the firm level. ESRM can be very effective at assessing 
individual firms but doesn’t aggregate quantitatively. This means additional work is needed to 
bridge the gap to portfolio-level analysis. 

As an example, the utilities sector is made up of firms that use low-carbon technology, high- 
carbon technology or some combination of the two. Some of the firms using a combination are 
strategically decarbonizing while others are not. These differences matter in terms of under-
standing how sectors—and companies within those sectors—adapt in scenarios character-
ized by a disruptive energy transition. Such differences also have the potential to substantially 
change banks’ exposure to risk. Ideally, banks need to be able to compare firms’ economic 
activities based on their current climate and sustainability risk profile—and their forward-look-
ing strategies to improve it. However, several important problems currently stand in the way of 
robust firm-level approaches, including:

• Backward-looking data   Current analysis is largely based on past records (such as report-
ed emissions). It often does not consider the strategy of a firm or its future capital spending 
plans, which are important when evaluating risk.

• Comparability   While scope 1 and 2 emissions data are generally comparable between 
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firms, the scope 3 accounting guidelines are not designed to compare firms (except to their 
own past). As a result, where scope 3 emissions are the key driver of climate risk (such as in 
oil and gas), alternative methods are needed. 

• Policy relevance   Current analysis does not provide information about the cost or feasibility 
of reducing emissions for a particular company, or how it might be affected by policy change 
[29]. This information is important for banks looking to help clients transition and for policy 
advocacy. 

• Data availability   Carbon intensity is available for a set of about 3,000 large (typically pub-
lic) firms worldwide. The information comes from a small set of sources, based on firms’ 
self-declared estimates. The data are not available for most mid-size and small firms and, 
for large firms, all aspects of the business may not be covered. Additionally, practitioners 
have found that data from companies often do not match data generated by third-party pro-
viders using estimation methods.

• Hidden balance sheet risks   In some industries, emissions and capital spending data 
alone might not show the full scope of risk. For example, the oil and gas industry has hun-
dreds of billions of dollars of outstanding liabilities related to the clean-up of old assets, 
such as abandoned wells. In a transition scenario, abandonment would accelerate, sub-
stantially increasing the present value of those liabilities [30]. In parallel, a transition would 
require fossil fuel companies to make different commodity price assumptions, affecting the 
value of reserves and investment opportunities. As some European companies have made 
their price assumptions more transparent, substantial write-downs have occured [31]. These 
effects and others like them could have a sizeable negative impact on company balance 
sheets and create risk in banks’ energy portfolios.

 
There is no silver bullet for these problems for banks. However, the suite of available tools 
combined with the internal tools that banks have at their disposal can facilitate firm-level as-
sessment within each climate-relevant sector. An “all-of-the-above” approach, combined 
with bank sector collaboration to fill any remaining gaps, can provide the information required. 
There will still be areas where optimal data and methods may not be available, but this is the 
case for almost every major business decision and should not stand in the way of progress in 
this area. 
 
Banks should approach firm-level analysis in an iterative manner and focus on learning by  
doing as opposed to trying to get everything right in advance. The UNEP FI TCFD implementa-
tion guidance [32] for banks provides a helpful starting point in integrating borrower-level analy-
sis with scenario planning and stress testing with respect to transition risk. Banks could start by 
disclosing the scope 1 and 2 emissions intensity (and forward-looking metrics like % of CAPEX 
flowing to sustainable projects) of their top 100 clients (by revenue) rather than attempting to be 
comprehensive initially. Most of these clients have public emissions disclosure (circumventing 
data problems) and it would provide a reasonable snapshot of the portfolio for investors and 
other stakeholders. 
 
This approach could gradually be broadened out into true portfolio carbon accounting. This 
would help to standardize information about the energy technologies used by companies to 
assess complex businesses and compare them. The Partnership for Carbon Accounting Fi-
nancials (PCAF) is an emerging standard for portfolio carbon accounting focused on historical 
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emissions (with nearly 80 members holding more than $13 trillion of assets worldwide) [33].  
Morgan Stanley [34], Bank of America [35] and Citi [36] recently became the first major U.S. banks  
to commit to using PCAF. The transparency and accountability that this approach provides  
is extremely valuable. PCAF also contains estimation methods that help to deal with data  
availability problems. Practitioners have flagged these methods as an area where continuing 
improvements are critical. 
 
Emissions-based approaches are also used by regulators, including the Bank of England and 
the Dutch National Bank, for risk assessment. They will form an important part of firm-level 
climate risk analysis going forward. On their own, however, emissions-based approaches do not 
deal with the challenges described above. They should be supplemented with forward-looking 
measures of risk and opportunity for each firm. 
 
 
Forward-Looking Risk Assessment Tools  
One forward-looking approach is the European Commission’s “Taxonomy for Sustainable  
Activities.” It identifies which kinds of economic activity (not firms) pass a sustainability  
threshold based on their contribution to climate mitigation, climate adaptation and a “do no 
harm” principle [37]. Banks can use the Taxonomy to identify the economic activities that can 
be considered sustainable in several sectors, including energy intensive ones such as cement 
production. However, while the Taxonomy can help identify which activities are sustainable, it 
cannot be used to compare two activities in terms of their relative sustainability score. Similarly, 
the Taxonomy does not cover high-carbon or carbon-intensive activities, so it cannot be used  
to assess a firm’s different high-carbon activities. Many banks have proprietary sustainable  
finance methodologies that could serve a similar purpose, but an industry-wide approach 
would certainly be preferred by investors and other stakeholders. 
 
On the other side of the coin, the 2 Degrees Investing Initiative has collected information on  
asset- and firm-level energy technology mixes in the energy, utility and transportation sectors 
in several countries. This information is used in the Paris Agreement Capital Transition Assess-
ment (PACTA) [38] tool to allow banks and investors to assess the alignment of a portfolio to a  
2°C target based on current and future energy profiles at the firm level. This can be an import-
ant source of forward-looking information for risk analysis. However, the coverage of economic 
activities and sectors is limited to high-carbon activities (i.e., aviation, automotive, cement and 
steel, coal, oil and gas, power and shipping) and only a few asset classes. In addition, PACTA 
considers individual, governmental and financial activities as “not climate relevant,” which-
makes it difficult to consider the possibility of indirect risk. Finally, PACTA does not consider  
the financial risk profile of the bank using it, nor the structure of the financial network in which  
it is involved.

Taken together and supplemented by additional tools banks themselves are developing, the 
challenges of firm-level analysis can be overcome. Data availability is likely to be the high-
est hurdle. Data gaps lower the accuracy of risk-return assessment and require decisions to 
be made with only partial information. Companies that are financing both high-carbon and 
low-carbon assets using the same financial instruments are particularly hard to assess without 
good data.  

https://www.ceres.org/bankrisk
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There is a strong case for a public entity filling this gap by collecting, validating and making 
available climate-relevant financial data. In the absence of that, banks do have the ability to col-
lect these data themselves. Prospective clients already provide significant information as part 
of the due diligence process, especially when subject to enhanced due diligence. The banking 
industry should make climate-relevant financial information a normal condition of lending—
data on energy technologies and capital spending plans are likely easily available, while emis-
sions disclosure is a good launching point for ongoing engagement with clients around climate 
transition plans.  
 
RECOMMENDATION 
Banks should achieve industry agreement to use their market power and relationship 
leverage to incentivize clients to voluntarily disclose additional forward- and back-
ward-looking climate data. 
 
Once firm-level data is obtained, whether through carbon accounting or through forward-look-
ing analysis, it has to be deployed in a way that drives decision-making effectively. Improving 
climate stress testing and understanding the sensitivity of the portfolio to firm-level character-
istics is critical, but to make climate risk a part of day-to-day decision-making, it cannot be an-
alysed in isolation. Instead, it has to be integrated into non-ESG tools that influence how banks 
interact with their clients.  
 
Every major service banks provide (including loans, underwriting, advisory services, equity 
research and asset management) is based on the forecasted financial statements of the client 
involved—forecasts made using an earnings model. For banks to understand firm-level climate 
risk, these models must factor it in. This will begin to move banks’ understanding of climate risk 
beyond the balance sheet and into the income statement. The tools used in this report make 
this modeling easier for banks, as changes in market share and profitability are more easily 
(and usefully) modelled at the firm level than a carbon price is. Once the full scope of risk is  
understood, banks can move to effectively mitigate it.  
 
 
Risk Mitigation Opportunities
Banks’ relationships with their clients must be at the heart of any strategy for climate risk miti-
gation. Arguments that large banks “bank the entire economy” and as a result have no pathway 
to reduce their climate risk miss the critical role of client engagement and transition. While 
full divestment from climate-relevant sectors would theoretically eliminate a bank’s climate 
risk, this would require banks to exit over half their business in many cases, something that’s 
not feasible except perhaps in the long term. It is also not clear that divestment-only strategies 
result in widespread emissions reductions in the real economy [39]. Due to the systemic nature  
of many climate risks, blanket divestment in some ways “kicks the can down the road,”— 
a reduction in risk for the individual bank is offset by a delay in the mitigation of systemic risk, 
increasing risk for all banks and the impact on society more broadly. 
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RECOMMENDATION 
Banks should publicly state that they will use engagement and leverage to accelerate cli-
ent transition plans and wind down relationships that do not include such plans.

It is important to recognize that client engagement will look different in different sectors  
due to differences in the cost and feasibility of decarbonization. Ceres is a partner in the  
Rocky Mountain Institute’s Center for Climate-Aligned Finance, which is working closely with 
the financial sector and their clients to develop global sectoral decarbonization strategies and 
agreements for hard-to-abate and high-emitting sectors [40]. All banks should participate in 
initiatives like this, and use them to collectively drive client action and to develop tailored en-
gagement strategies for each sector. Investment within a sector can then gradually be shifted 
towards companies with robust transition plans. If particular companies prove uninterested in 
transitioning, banks should start with changes in capital allocation or pricing to compensate for 
the additional risk and gradually move toward divestment.

An illustrative example of how a bank could mitigate its climate risk through a focus on sustain-
able finance is shown in Figure 15. The wide-impact scenario discussed in Section 3 (18% loss for 
the average bank) is shown, broken down into its sectoral components (based on CPRS clas-
sification). It is contrasted with a “wide-impact green” scenario, which is identical except that 
its exposure to the utility sector consists only of renewable electricity and its exposure to the 
transportation sector consists only of electric mobility assets. 

In this scenario, continued risk in the fossil and energy-intensive sectors are more than com-
pensated by the de-risking of green investments [41]. This shows the extent to which a bank’s 
vulnerability to transition risk is extremely sensitive to the choice of clients in climate-relevant 
sectors. 

Figure 15: Potential for sector-based risk mitigation.  
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While in reality a mitigation strategy would not focus single-mindedly on only two sectors (even 
if sufficient green opportunities were available), the example is meant to illustrate that banks 
are able to decarbonize their sectoral portfolios at different rates and substantially mitigate risk 
even if some high-carbon assets remain in the portfolio.

The availability of “investable opportunities” is an important factor in how easy it is to mitigate 
risk through sustainable finance. The current structure of the economy will mean that most 
banks, particularly the largest ones, will have a “long” exposure to the business-as-usual  
case and a “short” exposure to the transition scenario. Although the largest U.S. banks have 
committed more than a trillion dollars in sustainable finance between now and 2030 [42], this is  
not enough to shift the overall balance, and a larger pipeline of opportunities will take time to 
develop. 
 
One possible solution to the current shortage of green opportunities is the development of in-
ternal infrastructure within banks (staffing, data, valuation tools, etc.) to capture a greater share 
of the opportunities that do exist. While this investment may not be fully justified by current 
revenue, it sets banks up to take advantage of a future “mitigation short squeeze.” [42] 

 

 
 
Mitigation Short Squeeze Explained  
If a sentiment shock occurs where markets become much more confident in the direction of 
the transition, banks that are “short” the transition will have to scramble to mitigate their risk. 
This will cause a spike in demand for green assets, potentially paying off many times over for 
banks that have acted proactively [43]. 

Such a play is reminiscent of a call option, where an initial investment creates a possibility  
for significant future upside. This upside could offset much of the risk banks face while  
circumventing the current lack of investable opportunities. Option pricing models can be  
used to quantify the value of this upside [44], which would have the added benefit of further  
developing the business case for banks’ sustainable finance targets. Being able to show  
mathematically that such targets capture value beyond the immediate revenue from the  
deals themselves would help sustainable finance become a strategic business driver. 

 
This approach also recognizes the reality that banks don’t just “bank the economy” as it is, but 
have a role in helping create the economy that society needs in order to stabilize the climate. 
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RECOMMENDATION 
Banks should communicate to employees and investors any risk-mitigation value they 
ascribe to their sustainable finance programs.

Risk evaluation tools described in previous sections may present another solution to the prob-
lem of investable opportunities because they allow tradeoffs between climate risk and other 
kinds of risk to be considered quantitatively. Once a bank is confident in its climate risk assess-
ment, it may be able to justify taking additional risks of another kind to offset it. For example, 
developing countries may offer a large set of investable green projects, but may present addi-
tional political or economic risk as well. Such investments are hard to justify without a quantita-
tive measure of the climate risk the investment may offset.  
 
 
External Signals: Target Setting
Because risk management is both complex and proprietary, there is often more going on  
behind the scenes than is publicly disclosed. When it comes to climate risk, this opacity is a 
problem. Because of the early-stage nature of climate risk management, the potential systemic 
and societal implications and the level of investor interest, disclosing information externally is 
critical. The TCFD recommendations, which the largest U.S. banks have all committed to im-
plementing, ask for the disclosure of targets because they are important indicators of future 
financial performance. 
 
However, it is not obvious what kind of targets banks should set when it comes to climate risk - 
other than that they should be focused on the high-carbon financing that is the main source of 
such risk. This makes sustainable finance targets—though important—inadequate for this pur-
pose. Targets around the percentage of clients engaged on climate might be useful internally 
but don’t measure the risk directly, and Value-at-Risk targets would be problematic to disclose 
and too complex to communicate effectively. Commitments to net-zero financed emissions 
(such as Morgan Stanley recently made) [45] are laudable but need to be supplemented with 
additional detail. 
 
From an impact perspective, what is needed is a specific target aligned with the objectives of 
the Paris Agreement. Such a goal reduces reputational risk and creates credibility with clients. 
If a bank does not have a Paris-aligned target, it will have a harder time asking its clients to set 
one as part of a risk mitigation strategy. A Paris-aligned target will also position a bank to adapt 
easily to any future regulatory requirements, whether they are risk- or impact-oriented. 
 
However, in order to link Paris-aligned target setting directly to transition risk and give investors 
decision-useful insight into risk reduction, the target has to be applied in a way that minimiz-
es leakage [46] and provides temporal and sectoral information related to risk exposure. While 
Paris-aligned targets generally focus on the 2050 time horizon, some sectors (and portfolio 
segments) will need to reach net-zero emissions as soon as 2030 or 2040. Additionally, banks 
should move to exit some subsectors (like coal) in the near future in order to reduce risk. Banks 
may also implement the risk mitigation strategies from the previous section in different ways 
and on different timelines.  
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All this will require a Paris-aligned target that is nuanced, treats different sectors differently and 
contains detailed interim milestones that investors can use to understand and compare banks’ 
risk reduction strategies. JPMorgan Chase recently announced [47] a Paris-aligned financing 
commitment that contemplates many of these details for three key sectors, showing that banks 
are beginning to make progress in this area. 
 

RECOMMENDATION 
Banks should set and disclose financing portfolio targets that are aligned with the goals 
of the Paris Climate Agreement and include detailed interim targets and specific timelines 
for sectoral portfolios to reach net-zero emissions—some sectors as soon as 2030,  
others by 2040 or 2050. 
 
Any additional context that is required to link the goal with risk management objectives can 
be provided qualitatively to investors. For some banks, it may be useful to validate their goal 
through the Science Based Targets initiative [48], which recently launched a methodology for 
banks to set targets that include financed emissions. Aligning with this methodology will en-
hance comparability, but banks should focus first on a goal that will incentivize action internally 
and reflect their risk management strategy to the greatest possible extent. 
 
 
Creating Internal Incentives
The value of sustainable finance and climate risk management is often poorly understood by 
bank employees outside the sustainability function. Messaging that climate risks are “non-fi-
nancial” gives employees the perception that sustainability is primarily a reputational exercise. 
This contributes to the siloing of sustainability initiatives within banks—impeding them from 
becoming true business drivers. 
 
The problem starts at the top. Analysis of 20 leading U.S. and European banks [49] shows that 
only four of 600 board members have previous experience in clean energy, while at least 73 
come from the world’s highest-emitting companies. Ceres’ research [50] shows the need for  
climate-competent boards that can ask management difficult questions and represent  
investor interests with respect to climate risk.  
 
Similar dynamics are at work at every level of a bank, where the historical importance of 
high-emitting sectors means many bankers and risk experts are familiar with those indus-
tries but far less knowledgeable about the sustainability issues associated with them. Ceres 
research indicates that the size of ESRM teams within large U.S. banks ranges from four to 11 
full-time employees. All these teams must rely on the broader risk function and partners in the 
business, in many cases they have neither the capacity nor the skillset to implement the risk 
management tools recommended in this report. Anecdotally, it appears that many research an-
alysts and bankers do not invest the time to integrate climate risk into their analytics because it 
takes time away from revenue producing activities and the internal need is not well understood. 
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Integrating climate into the day-to-day activities of these employees is a partial solution to this 
problem, but the most important way to address it is through compensation and performance 
management. This is another reason why having clear targets is critical. Without them, there is 
nothing to focus performance around. Ceres’ governance work [51] has built the business case 
for linking executive compensation to sustainability goals, but in this case the key employees 
are not typically at the executive level. Valuation experts and modellers need to be able to focus 
on this problem, and industry banking teams need to be incentivised to prioritize deals that 
reduce climate risk over deals that increase it—deals that may have a greater long-term upside 
but less immediate revenue. 
 

RECOMMENDATION 
Banks should internally prioritize and reward their employees for integrating climate  
considerations into day-to-day decision-making.  

Some Approaches to Creating Internal Incentives
A useful example here is how workplace safety is managed in extractive industries. Like cli-
mate, safety has long been thought of as a “non-financial” risk, even though it can have severe 
financial consequences (unlike climate, safety is not a systemic risk). Recently, substantial 
progress is being made across the industry as companies set (impact-oriented) organizational 
goals such as “Zero Fatalities” or “Zero Lost-time Injuries” and created internal safety cultures 
to support those goals [52]. At many companies, employees are now required to have a personal 
safety goal linked to their compensation, meetings begin with “safety moments,” and executive 
compensation [53] incentivises leadership to  reinforce the message constantly, both inside and 
outside the company. The climate focus within banks might not need to be quite as expansive to 
be effective, but changing the mindset of relevant employees who do not work in a sustainabili-
ty function is almost certainly a prerequisite for progress.      
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Averting the most severe impacts of climate change is the critical challenge of our time.  
Doing this will take proactive, concerted leadership from the private sector, policymakers  
and civil society. 

Though daunting, these challenges are surmountable, and how banks move forward is  
critical. The largest U.S. banks are moving in this direction, but too slowly. The lack of urgency 
may stem from the long-term nature of climate change itself, when the focus should be on the 
potential for short-term climate shocks. It may stem from the view that lending is a small part  
of banks’ business, when the focus should be on the entire suite of banking services provided  
to high-carbon clients. Or, it may stem from the belief that the short-term nature of lending re-
duces risk, when it has taken a full decade to wind down lending to the uneconomic coal sector. 
 
Whatever the reasoning, short-termism is dangerous for people and the planet. Ceres’ future 
banking work will focus on this topic, but by then the most prescient banks will already be  
moving. The next year could easily be the year of the first major climate shock, with a U.S.  
election, a major UN climate conference and places from Hong Kong to Minsk to Minneapolis 
reverberating with calls to rebuild societies damaged by oppression and disease. A new world  
is coming that is more sustainable and more just, and banks have no time to waste if they want 
to avoid being left behind. 

RECOMMENDATION 
Within the next year, banks should publicly commit to (and begin work on) implementing 
the recommendations of this report.

Conclusion
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APPENDIX A: CLIMAFIN Methodology Details

The CLIMAFIN methodology provides a transparent and science-based approach to quan-
titatively assessing and pricing forward-looking climate risks and their characteristics (i.e., 
deep-uncertainty, non-linearity and endogeneity) in the value of individual financial contracts 
and investors’ portfolios [1]. More specifically, it can embed scenarios of forward-looking climate 
transition risks provided by climate science and climate economic models in: 

• Probabilities of defaults of contracts and securities (i.e., embedding climate risks  
          in financial pricing models for equity holdings, corporate and sovereign bonds);

• Quantitative metrics of financial risks (e.g., Climate VaR, Climate Spread);
• A full-fledged climate stress test rooted in financial network models. 

This methodology can answer two questions:
1.   How can banks carry out a quantitative assessment of climate transition risks at the  
      individual and systemic financial levels that makes best use of the available  
      scientific knowledge? 
2.  How to price climate risk characteristics (deep uncertainty, non-linearity, endogeneity)  
      in the probability of default of financial contracts and banks’ portfolios, considering   
      counterparty risks? 

The major challenges in addressing these questions are related to the nature of climate risks 
that renders standard finance approaches to risk pricing and valuation inadequate.

The CLIMAFIN framework is a quantitative assessment arranged in a workflow of four modules. 
Figure 16 shows the interplay of the four modules in the CLIMAFIN workflow.
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Figure 16: CLIMAFIN climate-financial risk assessment workflow. Module 1 provides the information set combining science-based 
knowledge and market data to be used in the analysis. Module 2 provides information on the economic shocks (positive and 
negative) associated with the climate transition scenarios, at the level of economic activity. Modules 3 and 4 provide metrics and 
methods to measure financial risks and support investment and policy decision making in the transition to a net-zero-carbon 
economy.   
 

Module 1 gathers and consolidates a database of climate science scenarios and climate  
transition scenarios, e.g., those provided by the IPCC [2]. 

Module 2 uses the information from Module 1 to derive impacts of economic shocks (market 
share, gross value added) in particular climate scenarios by region and sector of economic 
activity. Integrated assessment models (IAMs) are used to do this. The core of the feedback 
mechanism is the following:  

1. The forward-looking climate transition scenarios imply a shock on the low-carbon  
and carbon-intensive economic activities (respectively positive and negative) based  
on their energy technology (i.e., renewable energy or fossil fuels based). 

2. The shock affects the economic activities’ output and contribution to gross value added.  

It is important to note impacts are measured as differences in sectoral output between the 
business-as-usual and the climate scenario-conditioned economic trajectories for the same 
IAM. In particular, the disorderly transition is intended as a temporary out-of-equilibrium shift 
of the economy between two separate equilibrium trajectories based on the energy technology 
that drives the transition. This formulation makes the exercise familiar to economists because 
they are consistent with traditional economic models’ rationale. Multiple models and scenarios 
are used to construct a probability distribution that feeds Module 3. 

Module 3 defines the information set of a risk-averse investor or bank who aims to minimize the 
largest climate-related losses to her portfolio. It defines an information set that can accommo-
date incomplete information and deep uncertainty [3] [4] [5] and can cover a time-horizon that is 
relevant both for investment strategies and for the low-carbon transition (from 2020 to 2050). 
The model carries out a valuation adjustment and a risk adjustment of individual financial con-
tracts, i.e., in their default probability based on the scenarios of economic shocks (by activity 
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and its energy technology) obtained from Module 2. First, the model computes the adjustment 
on the default probability conditioned to the climate policy shock on firms and individual finan-
cial contracts (e.g., equity holdings, corporate and sovereign bonds, loans). Then, it computes 
the adjustment to key financial risk metrics (e.g., the Climate VaR) [6] for gains and losses at the 
portfolio level, which represents the worst-case loss for a chosen confidence level, conditional to 
forward-looking climate policy shock scenario. The Climate Spread is then defined as the change 
in the spread of a corporate or sovereign bond contract conditional to a given climate policy 
shock scenario, thus introducing future climate risks in the assessment of firms or countries’ 
financial solvency. Overall, Module 3 takes the outcome of the economic shock on each econom-
ic activity and asset, and prices it into the default probability and value of the financial contracts 
(loans, equity holdings, corporate and sovereign bonds) associated with that activity.

Therefore, conditional on a scenario and on the timing of the shock, losses on a portfolio of 
loans can be computed using the CLIMAFIN methodology. The methodology provides a linear 
approximation of the impact of a sectoral economic shock on the default probability of an  
entity within the sector (see Battiston et al. 2019 for more technical details). The value of a  
(zero-coupon) loan with nominal value X and maturity T given a climate policy scenario s and  
a date t for the shock is then given by          such that: 

where Q is the idiosyncratic (non-climate related) default probability,           the climate-induced 
change in default probability, LGD the loss-given-default and r the risk-free interest-rate. 

In a stress-testing context, worst-case assumptions are made about the timing of the shock  
and the loss-given-default. Thus, the most prudent/ambiguity averse valuation of the loans  
is used [7], i.e., consider X is valued at mint            , and assume a loss-given-default ratio of 1. The 
latter assumption about the loss-given default ratio means that there is zero recovery of debts 
from clients that default (at least in the short-term). For this to happen, the transition would have  
to lead to a systemic financial crisis in which financial actors repeatedly and substantially  
reevaluate the book value of their assets. 

In Module 4, the information on the repricing of the contracts is used to run the climate stress 
test. This is rooted in financial valuation in network models and allows assessment of the loss-
es for individual portfolios conditioned to climate scenarios, considering risk amplification and 
reverberation driven by financial interconnectedness and the implications on systemic financial 
risks [8]. The financial risk part of the climate stress test consists in translating the macroeco-
nomic shock into shocks on the value of the securities and loans that financial institutions have 
invested in. The transmission channel works as follows:  

1. During a disorderly transition, the firms in the energy sector that have not adapted their  
business to the climate targets face unanticipated costs and reduced revenues. 

2. In contrast, firms that have invested in low-carbon technologies face unanticipated profits  
via changes in production costs, prices and revenues. 

3. Accordingly, the positive/negative shocks on the energy firms are reflected in shocks on the 
value of the associated financial contracts. The relation between changes in economic output 
and changes in values of financial investments depends on the type of asset class considered 
(e.g., equity, sovereign bond, corporate bond, loan), and the valuation approach used. 
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APPENDIX B: Second-Round Losses 

Recent research on financial networks [1] has shown that the magnitude of second round effects 
is determined by two features of the balance sheet of banks: external leverage, i.e., the ratio 
between the assets they hold on non-banks that are exposed to external (climate) shocks and 
their equity, and interbank leverage, i.e., the ratio between the assets they hold on other banks 
and their equity. Then, second-round effects faced by a bank are proportional to the product of 
its interbank leverage and of the external leverage of its bank counterparties. Namely, the sec-
ond-round losses         of bank i can be approximated as:

  
where      is the interbank leverage of bank  i , X is the average external leverage in the system 
and the      average first-round loss in the system, as relative share of equity. 

Less formally, first-round losses correspond to losses on the loan portfolio of banks. The relative 
impact of these first-round losses on the equity of a bank depends on its external leverage, i.e., 
as emphasized above, the ratio between the assets it holds on non-banks that are exposed to 
external climate shocks and its equity. In a context of systemic crisis, there is rapid reevaluation 
of the value of the assets and liabilities of financial institutions [2]. The balance sheet deterio-
ration induced by first-round losses thus decreases the value of its assets, and consequently 
affect its liabilities to other banks. This decrease impacts in particular its bank counterparties 
proportionally to its interbank leverage, i.e., the ratio between the assets the bank holds on oth-
er banks and its equity. CLIMAFIN analysis uses leverage data from the company BankRegData 
and an approximation [3] [4] of interbank leverage based on the CPRS analysis in Section 1.  
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APPENDIX C: CPRS Classification System

Figure 17 provides a detailed description of the classification at two different levels of granular-
ity (CPRS1 and CPRS2). Figure 18 provides a mapping to the NACE classification system (the EU 
standard for classifying economic activities). Assessing exposure in terms of CPRS allows for 
direct evaluation of investments in relation to climate policy objectives and makes the portfolio 
measurable with respect to climate policy scenarios.

 
Figure 17: List of CPRS sectors following Battiston et al. (2017) [1]

 

Figure 18: detailed composition of CPRS sectoral categories.

https://www.ceres.org/bankrisk


FINANCING A NET-ZERO ECONOMY: MEASURING AND ADDRESSING CLIMATE RISK FOR BANKS                                                                         

55 | Ceres                             ceres.org/bankrisk

DealScan provides data on syndicated loans, including identity of lenders, amount provided by 
each lender, identity of the borrower, and SIC sectoral classification of the borrower. Combining  
this data with the CPRS classification system, the exposure of each bank is determined through  
the following steps: 

1. Match SIC sectors with Climate Policy Relevant Sectors. This requires intermediary  
matching between SIC and NAICS and between NAICS and NACE. 

2. The matching allows each loan to be assigned to a CPRS sector (including Other).
3. For each bank, sum the loan amounts by CPRS sector in order to determine its exposure. 
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Appendix D: Case Study of Mexico

This case study builds on a collaboration [1] between CLIMAFIN and the Banco de Mexico, based on 
access to granular, non-public data. Although the detailed results are specific to Mexico, the qual-
itative insights are globally applicable. In quantitative terms, the multiplicative effect of fire-sales 
(green wedge in Figure 19) observed for Mexico can be taken as an upper bound of the potential 
effect in the U.S. (given the higher liquidity in the U.S. financial system). The discussion is meant to 
provide an illustration of the effects and their order of magnitude [2]. 
 
A system-wide analysis of this nature requires assumptions about the financial market conditions 
prevailing at the time of the shock, including the average liquidity, volatility and loss-given-default. 
Figure 19 shows the losses on initial equity for Mexican banks triggered by a disorderly transition 
from business-as-usual to a specific 2-degree scenario [3]. The core-impact sectors (fossil fuel and 
electricity) are shown here; the wide-impact view would show a more severe estimate of losses.

Figure 19: Banks’ losses in shock scenarios arising from a disorderly (unexpected) climate transition at different points in time. [4, 5] 
 
It is important to understand the correct meaning of the time dimension in Figure 19. It represents 
the time at which the climate policy shock occurs, across blocks of five years. Given a climate policy 
scenario, the magnitude of the shock depends on the date at which the disorderly transition is as-
sumed to occur. The later the transition, the larger the shock.  
 
This should not be confused with the time of the propagation of the losses, which happens on the 
timescale of months once the shock occurs. For instance, for a shock occurring in 2030, the first-
round loss (due to the direct impact of the shock, in blue) amounts to about 3% while the third-
round loss (due to fire sales, in green) amounts to about 14% (the magnitude of the green portion). 
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Figure 20. Comparison of shock suffered by the Mexican financial system in two selected policy scenarios [6, 7, 8].  

 
Figure 20 shows an example of the interplay between policy and market conditions. On the bottom, 
the climate policy shock is harsher (expected temperature rise of ~1.8°C, 66% chance to stay below 
2°C) but the market conditions are more favorable. Overall, losses are systematically smaller in that 
case: the losses triggered in the year 2035 by the milder climate policy in weaker market conditions 
are about twice as large as the losses triggered in the same year by the stricter climate policy un-
der stronger market conditions. The effect of market conditions is intuitive, but the size of the effect 
is noteworthy. It suggests that variations in market conditions, and their interplay with climate poli-
cy, need to be considered in the climate risk analysis of banks. 
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Appendix E: Data, Scenarios & Models

Syndicated loan data pertaining to the following 28 banks were used (ordered by total loan value 
in the Dealscan database): Bank of America, JPMorgan Chase, Citigroup, Wells Fargo, Goldman 
Sachs, U.S. Bank, Morgan Stanley, PNC Financial Services, Truist Financial, Fifth Third Bank, BNY 
Mellon, Regions, Citizens Bank, Capital One, Huntington Bancshares, Comerica, BBVA, State Street, 
People's United Bank, CIT Group, Silicon Valley Bank, Northern Trust, TIAA, Synovus, Zions Bancor-
poration, New York Community Bank, Ally Financial and Mutual of Omaha.

This analysis is based on the economic evaluation of climate policy performed in the projects 
LIMITS [1] and GREENWIN [2]. LIMITS uses five integrated assessment models: IMAGE, MESSAGE, 
REMIND, TIAM-ECN, WITCH. GREENWIN uses the computable general equilibrium model GEM-E3. 
Comparative analysis was performed using IO-NET and an additional unnamed model.

 
Scenario Name Project Characteristics

RefPol LIMITS Baseline scenario for weak short-term target

StrPol LIMITS Baseline scenario for strong short-term target

450 LIMITS Benchmark scenario for 450ppm target

500 LIMITS Benchmark scenario for 500ppm target

RefPol-450 LIMITS 450 ppm target with weak short-term target

StrPol-450 LIMITS 450 ppm target with strong short-term target

RefPol-500 LIMITS 500 ppm target with weak short-term target

StrPol-500 LIMITS 500 ppm target with strong short-term target

RefPol-2030-500 LIMITS 500 ppm target with weak short-term target until 2030

RefPol-450-PC LIMITS RefPol 450 with burden sharing targeting per capita convergence

RefPol-450-EE LIMITS RefPol 450 with Equal Mitigation Effort

Carbon Club GREENWIN 2°C target through a climate club

Carbon Club+ 
Finance

GREENWIN 2°C target through a climate club involving common financing

Carbon Club + 
Finance+Tech

GREENWIN 2°C target through a climate club involving common financing and  
technology spillovers

Club +Finance+
Tech+Trade

GREENWIN 2°C target through a climate club involving common financing,  
technology spillovers and trade policy measures.
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Ceres Accelerator for Sustainable Capital Markets

In the last three decades, Ceres and our influential networks have achieved significant progress 
in integrating sustainability into the capital markets. However, private and public sector progress 
is not happening fast enough or with the right level of ambition to tackle not only the global climate 
crisis, but the growing threats around deforestation, water scarcity and pollution. 

Building on our more than 30 years of leadership and impact, the Ceres Accelerator aims 
to transform the practices and policies that govern capital markets in order to accelerate 
action on reducing the worst impacts of the climate crisis and other sustainability threats. 
It will spur capital market influencers to act on these systemic financial risks and drive the 
large-scale behavior and systems change needed to achieve a net-zero carbon economy and 
a just and sustainable future.
 
The Ceres Accelerator will initially focus on four flagship initiatives that aim to accelerate 
large-scale capital markets behavior and system changes needed to address the climate crisis.
 

 - Regulating Climate Change as a Systemic Risk
 - Achieving Paris-Aligned Portfolios 
 - Financing a Net-Zero Carbon Economy
 - Board Governance for a Sustainable Future 

This report is the first in a series of studies and initiatives that aims to shed more light on the ways 
in which climate risk affects the roles of critical capital market actors, influencers and regulators. 

For more information about the Accelerator, and previews of our upcoming work,  
please visit ceres.org/accelerator 

https://www.ceres.org/bankrisk
https://www.ceres.org/accelerator


FINANCING A NET-ZERO ECONOMY: MEASURING AND ADDRESSING CLIMATE RISK FOR BANKS 

60 | Ceres            ceres.org/bankrisk 

ENDNOTES 
Executive Summary 

1. “Our ambition to be a net zero bank by 2050.” Barclays. March 30, 2020. https://home.barclays/society/our-
position-on-climate-change/ (accessed April 2020) 

2. “JPMorgan Chase Adopts Paris-Aligned Financing Commitment.” JPMorgan Chase & Co. October 6, 2020.
https://www.jpmorganchase.com/ir/news/2020/adopts-paris-aligned-financing-commitment (accessed
October 2020) 

3. “Morgan Stanley Announces Commitment to Reach Net-Zero Financed Emissions by 2050.” Business Wire.
September 21, 2020. https://www.businesswire.com/news/home/20200921005255/en/Morgan-Stanley-
Announces-Commitment-to-Reach-Net-Zero-Financed-Emissions-by-2050 (accessed September 2020) 

Introduction and Context 
1. “Billion-Dollar Weather and Climate Disasters: Overview.” National Oceanic and Atmospheric Administration, 

National Center for Environmental Information. 2020. https://www.ncdc.noaa.gov/billions/ (accessed April 2020) 
2. Stiroh, Kevin J. “Emerging Issues for Risk Managers.” Federal Reserve Bank of New York. November 7, 2019.

https://www.newyorkfed.org/newsevents/speeches/2019/sti191107?mod=article_inline#footnote1 (accessed
December 2019) 

3. Stern, N. “The Economics of Climate Change.” American Economic Association. May, 2008.
http://personal.lse.ac.uk/sternn/108NHS.pdf (accessed June 2020) 

4. “Major Risk or Rosy Opportunity. Are Companies Ready for Climate Change?” CDP Climate Change Report 2019.
https://6fefcbb86e61af1b2fc4-
c70d8ead6ced550b4d987d7c03fcdd1d.ssl.cf3.rackcdn.com/cms/reports/documents/000/004/588/original/C
DP_Climate_Change_report_2019.pdf?1562321876 (accessed June 2020) 

5. “New study estimates global warming of 2.5 centigrade degrees by 2100 would put at risk trillions of dollars of
world’s financial assets.” London School of Economics. 2016. 
https://www.lse.ac.uk/GranthamInstitute/news/us2-5-trillion-of-the-worlds-financial-assets-would-be-at-risk-
from-the-impacts-of-climate-change-if-global-mean-surface-temperature-rises-by-2-5c/ (accessed June 2020) 

6. “Climate change: what are the risks to financial stability?” Bank of England. September 29, 2015.
https://www.bankofengland.co.uk/knowledgebank/climate-change-what-are-the-risks-to-financial-stability
(accessed April 2020) 

7. McFarlane, Sarah. “Shell Takes $22 Billion Write-Down, Expecting Lower Oil and Gas Prices.” Wall Street Journal.
June 30, 2020. https://www.wsj.com/articles/shell-takes-22-billion-write-down-expecting-lower-oil-and-gas-
prices-11593504718 (accessed July 2020) 

8. Dunn, Katherine. “For BP, a path to zero emissions is taking shape. It’s going to cost them.” Fortune. June 15, 2020.
https://fortune.com/2020/06/15/bp-net-zero-cost-billions-writedown/ (accessed July 2020) 

9. High-Level Expert Group on Sustainable Finance. “Financing A Sustainable European Economy.” European 
Commission. Last updated July 3, 2020. https://ec.europa.eu/info/sites/info/files/180131-sustainable-finance-
final-report_en.pdf (accessed July 2020) 

10. Dunz, Nepomuk, Asjad Naqvi, and Irene Monasterolo. “Climate Transition Risk, Climate Sentiments, and Financial 
Stability in a Stock-Flow Consistent Approach.” Social Science Research Network. April 6, 2020. 
https://poseidon01.ssrn.com/delivery.php?ID=320069123112084114084110082083006009049040064078088068
0770881011010870890650011250110540570550041180510180690861230250180050180150480490510331140240831
130280921260040850770280000000951190940960641211270870650890000870890880751190050881160310911
21079020&EXT=pdf (accessed April 2020) 

11. Battiston, Stefano, et al. “A climate stress-test of the financial system.” Nature Climate Change. March 27, 2017.
https://www.nature.com/articles/nclimate3255?platform=hootsuite (accessed April 2020) 

12. “A call for action: climate change as a source of financial risk.” Network for Greening the Financial System. April 
2019. https://www.ngfs.net/sites/default/files/medias/documents/ngfs_first_comprehensive_report_-
_17042019_0.pdf#page=6 (accessed April 2020) 

13. Carney, Mark. “Breaking the tragedy of the horizon -- climate change and financial stability.” Bank for International 
Settlements. September 29, 2015. https://www.bis.org/review/r151009a.pdf#page=7 (accessed April 2020) 

https://home.barclays/society/our-position-on-climate-change/
https://home.barclays/society/our-position-on-climate-change/
https://www.jpmorganchase.com/ir/news/2020/adopts-paris-aligned-financing-commitment
https://www.businesswire.com/news/home/20200921005255/en/Morgan-Stanley-Announces-Commitment-to-Reach-Net-Zero-Financed-Emissions-by-2050
https://www.businesswire.com/news/home/20200921005255/en/Morgan-Stanley-Announces-Commitment-to-Reach-Net-Zero-Financed-Emissions-by-2050
https://www.ncdc.noaa.gov/billions/
https://www.newyorkfed.org/newsevents/speeches/2019/sti191107?mod=article_inline#footnote1
http://personal.lse.ac.uk/sternn/108NHS.pdf
https://6fefcbb86e61af1b2fc4-c70d8ead6ced550b4d987d7c03fcdd1d.ssl.cf3.rackcdn.com/cms/reports/documents/000/004/588/original/CDP_Climate_Change_report_2019.pdf?1562321876
https://6fefcbb86e61af1b2fc4-c70d8ead6ced550b4d987d7c03fcdd1d.ssl.cf3.rackcdn.com/cms/reports/documents/000/004/588/original/CDP_Climate_Change_report_2019.pdf?1562321876
https://6fefcbb86e61af1b2fc4-c70d8ead6ced550b4d987d7c03fcdd1d.ssl.cf3.rackcdn.com/cms/reports/documents/000/004/588/original/CDP_Climate_Change_report_2019.pdf?1562321876
https://www.lse.ac.uk/GranthamInstitute/news/us2-5-trillion-of-the-worlds-financial-assets-would-be-at-risk-from-the-impacts-of-climate-change-if-global-mean-surface-temperature-rises-by-2-5c/
https://www.lse.ac.uk/GranthamInstitute/news/us2-5-trillion-of-the-worlds-financial-assets-would-be-at-risk-from-the-impacts-of-climate-change-if-global-mean-surface-temperature-rises-by-2-5c/
https://www.bankofengland.co.uk/knowledgebank/climate-change-what-are-the-risks-to-financial-stability
https://www.wsj.com/articles/shell-takes-22-billion-write-down-expecting-lower-oil-and-gas-prices-11593504718
https://www.wsj.com/articles/shell-takes-22-billion-write-down-expecting-lower-oil-and-gas-prices-11593504718
https://fortune.com/2020/06/15/bp-net-zero-cost-billions-writedown/
https://ec.europa.eu/info/sites/info/files/180131-sustainable-finance-final-report_en.pdf
https://ec.europa.eu/info/sites/info/files/180131-sustainable-finance-final-report_en.pdf
https://poseidon01.ssrn.com/delivery.php?ID=320069123112084114084110082083006009049040064078088068077088101101087089065001125011054057055004118051018069086123025018005018015048049051033114024083113028092126004085077028000000095119094096064121127087065089000087089088075119005088116031091121079020&EXT=pdf
https://poseidon01.ssrn.com/delivery.php?ID=320069123112084114084110082083006009049040064078088068077088101101087089065001125011054057055004118051018069086123025018005018015048049051033114024083113028092126004085077028000000095119094096064121127087065089000087089088075119005088116031091121079020&EXT=pdf
https://poseidon01.ssrn.com/delivery.php?ID=320069123112084114084110082083006009049040064078088068077088101101087089065001125011054057055004118051018069086123025018005018015048049051033114024083113028092126004085077028000000095119094096064121127087065089000087089088075119005088116031091121079020&EXT=pdf
https://poseidon01.ssrn.com/delivery.php?ID=320069123112084114084110082083006009049040064078088068077088101101087089065001125011054057055004118051018069086123025018005018015048049051033114024083113028092126004085077028000000095119094096064121127087065089000087089088075119005088116031091121079020&EXT=pdf
https://www.nature.com/articles/nclimate3255?platform=hootsuite
https://www.ngfs.net/sites/default/files/medias/documents/ngfs_first_comprehensive_report_-_17042019_0.pdf#page=6
https://www.ngfs.net/sites/default/files/medias/documents/ngfs_first_comprehensive_report_-_17042019_0.pdf#page=6
https://www.bis.org/review/r151009a.pdf#page=7


FINANCING A NET-ZERO ECONOMY: MEASURING AND ADDRESSING CLIMATE RISK FOR BANKS 

61 | Ceres            ceres.org/bankrisk 

14. Battiston, Stefano, Antoine Mandel, and Irene Monasterolo. “CLIMAFIN handbook: pricing forward-looking climate
risks under uncertainty Part 1.” Social Science Research Network. November 8, 2019.
https://poseidon01.ssrn.com/delivery.php?ID=13512609008811801211108702908203110011604706508101109409812
4008099127067077093004112035055107107098031041021103067028068114016061036008039068115117099028101
099088120023083033073018106112031101009117113089109110097069023026121093108127030123079086014078&E
XT=pdf (accessed April 2020) 

15. Greenwald, Bruce C. and Joseph E. Stiglitz. “Externalities in Economies with Imperfect Information and Incomplete
Markets.” The Quarterly Journal of Economics Vol. 101, No. 2., pp 229-264. May, 1986.
https://www.jstor.org/stable/1891114?seq=1 (accessed June 2020) 

16. Bolton, Patrick, Morgan Despres, Luiz Awazu Pereira Da Silva, Frédéric Samama, and Romain Svartzman. “The
green swan: Central banking and financial stability in the age of climate change.” Banque de France. January
2020. https://www.bis.org/publ/othp31.pdf (accessed July 2020) 

17. “In a Changing World, Accelerating the Energy Transition and Taking into Account Climate Challenges.” BNP 
Paribas. May 2020. https://group.bnpparibas/uploads/file/bnpparibas_tcfd_report_en.pdf (accessed June 2020) 

18. Smith, Mark. “Climate risk is here, it’s evolving fast, and this is how we’re responding.” Standard Chartered. 
February 13, 2020. https://www.sc.com/en/explore-our-world/climate-risk-is-here-its-evolving-fast-and-this-is-
how-were-responding/ (accessed May 2020) 

19. “Natixis rolls out its Green Weighting Factor and becomes the first bank to actively manage its balance sheet’s
climate impact.” Natixis. September 23, 2019. https://pressroom-en.natixis.com/news/natixis-rolls-out-its-green-
weighting-factor-and-becomes-the-first-bank-to-actively-manage-its-balance-sheets-climate-impact-2dce-
8e037.html (accessed May 2020) 

20. Deese, Brian. “Getting physical: assessing climate risks.” BlackRock. April 4, 2019.
https://www.blackrock.com/us/individual/insights/blackrock-investment-institute/physical-climate-risks
(accessed May 2020) 

21. Kumar, Rakhi, Nathalie Wallace, Ali Weiner, Jennifer Bender, and Todd Arthur Bridges. “Climate Investing: Moving 
From Conversation To Action.” State Street Global Advisors. February, 2019. https://www.ssga.com/investment-
topics/environmental-social-governance/2019/03/climate-investing.pdf (accessed May 2020) 

22. Ramani, Veena. “Addressing Climate as a Systemic Risk: A call to action for U.S. financial regulators.” Ceres. June 1, 
2020. https://www.ceres.org/resources/reports/addressing-climate-systemic-risk (accessed June 2020) 

23. “EIB climate action.” European Investment Bank. https://www.eib.org/en/about/priorities/climate-
action/index.htm (accessed May 2020) 

24. “Helping Britain Prosper: Financing a green future together.” Lloyds Banking Group. 
https://www.lloydsbankinggroup.com/our-group/responsible-business/financing-a-green-future-together/
(accessed May 2020) 

25. “Our ambition to be a net zero bank by 2050.” Barclays. March 30, 2020. https://home.barclays/society/our-
position-on-climate-change/ (accessed April 2020) 

26. “JPMorgan Chase Adopts Paris-Aligned Financing Commitment.” JPMorgan Chase & Co. October 6, 2020.
https://www.jpmorganchase.com/ir/news/2020/adopts-paris-aligned-financing-commitment (accessed
October 2020) 

27. “Morgan Stanley Announces Commitment to Reach Net-Zero Financed Emissions by 2050.” Business Wire.
September 21, 2020. https://www.businesswire.com/news/home/20200921005255/en/Morgan-Stanley-
Announces-Commitment-to-Reach-Net-Zero-Financed-Emissions-by-2050 (accessed September 2020) 

SECTION ONE: Identifying Portfolio Climate Risk 
1. “Major U.S. Banks call for leadership in addressing climate change.” Ceres. September 28, 2015.

https://www.ceres.org/news-center/press-releases/major-us-banks-call-leadership-addressing-climate-
change (accessed June 2020) 

2. Pinchot, Ariel. “Sustainable Finance Targets Matter More Than Ever: 3 Lessons for Banks.” World Resources
Institute. April 27, 2020. https://www.wri.org/blog/2020/04/sustainable-finance-targets-matter-more-than-ever-
3-lessons-for-banks (accessed April 2020) 

https://poseidon01.ssrn.com/delivery.php?ID=135126090088118012111087029082031100116047065081011094098124008099127067077093004112035055107107098031041021103067028068114016061036008039068115117099028101099088120023083033073018106112031101009117113089109110097069023026121093108127030123079086014078&EXT=pdf
https://poseidon01.ssrn.com/delivery.php?ID=135126090088118012111087029082031100116047065081011094098124008099127067077093004112035055107107098031041021103067028068114016061036008039068115117099028101099088120023083033073018106112031101009117113089109110097069023026121093108127030123079086014078&EXT=pdf
https://poseidon01.ssrn.com/delivery.php?ID=135126090088118012111087029082031100116047065081011094098124008099127067077093004112035055107107098031041021103067028068114016061036008039068115117099028101099088120023083033073018106112031101009117113089109110097069023026121093108127030123079086014078&EXT=pdf
https://poseidon01.ssrn.com/delivery.php?ID=135126090088118012111087029082031100116047065081011094098124008099127067077093004112035055107107098031041021103067028068114016061036008039068115117099028101099088120023083033073018106112031101009117113089109110097069023026121093108127030123079086014078&EXT=pdf
https://www.jstor.org/stable/1891114?seq=1
https://www.bis.org/publ/othp31.pdf
https://group.bnpparibas/uploads/file/bnpparibas_tcfd_report_en.pdf
https://www.sc.com/en/explore-our-world/climate-risk-is-here-its-evolving-fast-and-this-is-how-were-responding/
https://www.sc.com/en/explore-our-world/climate-risk-is-here-its-evolving-fast-and-this-is-how-were-responding/
https://pressroom-en.natixis.com/news/natixis-rolls-out-its-green-weighting-factor-and-becomes-the-first-bank-to-actively-manage-its-balance-sheets-climate-impact-2dce-8e037.html
https://pressroom-en.natixis.com/news/natixis-rolls-out-its-green-weighting-factor-and-becomes-the-first-bank-to-actively-manage-its-balance-sheets-climate-impact-2dce-8e037.html
https://pressroom-en.natixis.com/news/natixis-rolls-out-its-green-weighting-factor-and-becomes-the-first-bank-to-actively-manage-its-balance-sheets-climate-impact-2dce-8e037.html
https://www.blackrock.com/us/individual/insights/blackrock-investment-institute/physical-climate-risks
https://www.ssga.com/investment-topics/environmental-social-governance/2019/03/climate-investing.pdf
https://www.ssga.com/investment-topics/environmental-social-governance/2019/03/climate-investing.pdf
https://www.ceres.org/resources/reports/addressing-climate-systemic-risk
https://www.eib.org/en/about/priorities/climate-action/index.htm
https://www.eib.org/en/about/priorities/climate-action/index.htm
https://www.lloydsbankinggroup.com/our-group/responsible-business/financing-a-green-future-together/
https://home.barclays/society/our-position-on-climate-change/
https://home.barclays/society/our-position-on-climate-change/
https://www.jpmorganchase.com/ir/news/2020/adopts-paris-aligned-financing-commitment
https://www.businesswire.com/news/home/20200921005255/en/Morgan-Stanley-Announces-Commitment-to-Reach-Net-Zero-Financed-Emissions-by-2050
https://www.businesswire.com/news/home/20200921005255/en/Morgan-Stanley-Announces-Commitment-to-Reach-Net-Zero-Financed-Emissions-by-2050
https://www.ceres.org/news-center/press-releases/major-us-banks-call-leadership-addressing-climate-change
https://www.ceres.org/news-center/press-releases/major-us-banks-call-leadership-addressing-climate-change
https://www.wri.org/blog/2020/04/sustainable-finance-targets-matter-more-than-ever-3-lessons-for-banks
https://www.wri.org/blog/2020/04/sustainable-finance-targets-matter-more-than-ever-3-lessons-for-banks


FINANCING A NET-ZERO ECONOMY: MEASURING AND ADDRESSING CLIMATE RISK FOR BANKS 

62 | Ceres            ceres.org/bankrisk 

3. “Banking on Climate Change - Fossil Fuel Finance Report Card 2019.” BankTrack. March 20, 2019.
https://www.banktrack.org/article/banking_on_climate_change_fossil_fuel_finance_report_card_2019 
(accessed April 2020) 

4. Developed by Rainforest Action Network, BankTrack, Indigenous Environment Network, Oil Change International, 
Reclaim Finance, and the Sierra Club. 

5. “GREEN TARGETS: A Tool To Compare Private Sector Banks’ Sustainable Finance Commitments.” World
Resources Institute. July 2019. https://www.wri.org/finance/banks-sustainable-finance-commitments/
(accessed April 2020) 

6. DeFries, Ruth, et al. “The missing economic risks in assessments of climate change impacts.” London School of
Economics and Political Science. September 20, 2019. https://www.lse.ac.uk/granthaminstitute/wp-
content/uploads/2019/09/The-missing-economic-risks-in-assessments-of-climate-change-impacts-2.pdf 
(accessed June 2020) 

7. Monasterolo, Irene and Luca de Angelis. “Blind to carbon risk? An Analysis of stock market reaction to the Paris 
Agreement.” Ecological Economics, Volume 170. April 2020.
https://www.sciencedirect.com/science/article/abs/pii/S0921800919309607?via%3Dihub (accessed June 2020) 

8. Morana, Claudio and Giacomo Sbrana. “Climate change implications for the catastrophe bonds market: An
empirical analysis.” Economic Modelling, Volume 81, pp. 274-294. September 2019.
https://www.sciencedirect.com/science/article/abs/pii/S0264999318307314 (accessed June 2020) 

9. Monasterolo, Irene, Stefano Battiston, Anthony Janetos, and Zoey Zheng. “Vulnerable Yet Relevant: The Two 
Dimensions of Climate-Related Financial Disclosure.” Social Science Research Network. May 23, 2017. 
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2971987 (accessed June 2020) 

10. Weitzman, ML. “On Modeling and Interpreting the Economics of Catastrophic Climate Change.” Review of
Economics and Statistics. Last updated September 26, 2017. 
https://scholar.harvard.edu/files/weitzman/files/modelinginterpretingeconomics.pdf (accessed June 2020) 

11. Solomon, Susan, Gian-Kasper Plattner, Reto Knutti, and Pierre Friedlingstein. “Irreversible climate change due to 
carbon dioxide emissions.” Proceedings of the National Academy of Sciences. January 28, 2009. 
https://www.pnas.org/content/pnas/106/6/1704.full.pdf (accessed June 2020) 

12. Lenton, Timothy M., et al. “Climate tipping points -- too risky to bet against.” Nature. Last updated April 9, 2020.
https://media.nature.com/original/magazine-assets/d41586-019-03595-0/d41586-019-03595-0.pdf (accessed
June 2020) 

13. Stern, N. “The Economics of Climate Change.” American Economic Association. May, 2008.
http://personal.lse.ac.uk/sternn/108NHS.pdf (accessed June 2020) 

14. Pindyck, Robert S. “Climate Change Policy: What Do the Models Tell Us?” National Bureau of Economic Research.
July 2013. https://www.nber.org/papers/w19244.pdf (accessed June 2020) 

15. Lamperti, Francesco, Irene Monasterolo, and Andrea Roventini. “Climate Risks, Economics and Finance: Insights
from Complex Systems.” The Systemic Turn in Human and Natural Sciences, pp. 97-119. 
https://link.springer.com/chapter/10.1007/978-3-030-00725-6_6 (accessed June 2020) 

16. Ackerman, Frank. “Worst-Case Economics: Extreme Events in Climate and Finance.” Anthem Press. 2017.
(accessed June 2020) 

17. “July matched, and maybe broke, the record for the hottest month since analysis began.” World Meteorological
Organization. August 1, 2019. https://public.wmo.int/en/media/news/july-matched-and-maybe-broke-record-
hottest-month-analysis-began (accessed June 2020) 

18. Battiston, Stefano. “The importance of being forward-looking: managing financial stability in the face of climate
risk.” Banque de France, issue 23, pp. 39-48. June 2019. https://ideas.repec.org/a/bfr/fisrev/2019235.html 
(accessed June 2020) 

19. Monasterolo, Irene, Stefano Battiston. “Assessing forward-looking climate risks in financial portfolios: a science-
based approach for investors and supervisors.” NGFS Handbook of Environmental Risk Assessment for Investors.
2020. (accessed October 2020) 

20. Battiston, Stefano. “The importance of being forward-looking: managing financial stability in the face of climate
risk.” Banque de France, issue 23, pp. 39-48. June 2019. https://ideas.repec.org/a/bfr/fisrev/2019235.html 
(accessed June 2020) 

https://www.banktrack.org/article/banking_on_climate_change_fossil_fuel_finance_report_card_2019
https://www.wri.org/finance/banks-sustainable-finance-commitments/
https://www.lse.ac.uk/granthaminstitute/wp-content/uploads/2019/09/The-missing-economic-risks-in-assessments-of-climate-change-impacts-2.pdf
https://www.lse.ac.uk/granthaminstitute/wp-content/uploads/2019/09/The-missing-economic-risks-in-assessments-of-climate-change-impacts-2.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0921800919309607?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0264999318307314
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2971987
https://scholar.harvard.edu/files/weitzman/files/modelinginterpretingeconomics.pdf
https://www.pnas.org/content/pnas/106/6/1704.full.pdf
https://media.nature.com/original/magazine-assets/d41586-019-03595-0/d41586-019-03595-0.pdf
http://personal.lse.ac.uk/sternn/108NHS.pdf
https://www.nber.org/papers/w19244.pdf
https://link.springer.com/chapter/10.1007/978-3-030-00725-6_6
https://public.wmo.int/en/media/news/july-matched-and-maybe-broke-record-hottest-month-analysis-began
https://public.wmo.int/en/media/news/july-matched-and-maybe-broke-record-hottest-month-analysis-began
https://ideas.repec.org/a/bfr/fisrev/2019235.html
https://ideas.repec.org/a/bfr/fisrev/2019235.html


FINANCING A NET-ZERO ECONOMY: MEASURING AND ADDRESSING CLIMATE RISK FOR BANKS 

63 | Ceres            ceres.org/bankrisk 

21. Van Vuuren, Detlef, Andries Hof, David Gernaat, and Harmen Sytze de Boer. “Limiting global temperature change
to 1.5 °C: Implications for carbon budgets, emission pathways, and energy transitions.” PBL Netherlands
Environmental Assessment Agency. November 3, 2019. https://www.pbl.nl/sites/default/files/downloads/pbl-
2017-limiting-global-temperature-change-to-1-5-degree-celsius_2743.pdf (Accessed May 2020) 

22. “World Energy Outlook 2019.” International Energy Agency. November 2019. https://www.iea.org/reports/world-
energy-outlook-2019 (Accessed May 2020) 

23. Paroussos, Leonidas, et al. “Climate clubs and the macro-economic benefits of international cooperation on
climate policy.” Nature Climate Change. June 17, 2019. https://www.nature.com/articles/s41558-019-0501-1 
(accessed April 2020) 

24. “Responsible Growth and a Low-Carbon Economy.” Bank of America. April 30, 2020.
https://about.bankofamerica.com/assets/pdf/task-force-climate-financial-disclosures-report.pdf (accessed
May 2020) 

25. “Financial Stability Review.” European Central Bank. May 2019. 
https://www.ecb.europa.eu/pub/pdf/fsr/ecb.fsr201905~266e856634.en.pdf (accessed July 2020) 

26. “Financial Stability Report”. European Insurance and Occupational Pensions Authority. December 2019. 
https://www.eiopa.europa.eu/content/eiopa-financial-stability-report-december-2019_en (accessed July 2020) 

27. Battiston, Stefano, Antoine Mandel, Irene Monasterolo, Franziska Schütze, and Gabriele Visentin. “A climate
stress-test of the financial system.” Nature Climate Change. March 27, 2017. 
https://www.nature.com/articles/nclimate3255 (accessed April 2020) 

28. Hedegaard, Connie. “Commission Decision.” Official Journal of the European Union. October 27, 2014. https://eur-
lex.europa.eu/legal-content/EN/ALL/?uri=CELEX:32014D0746 (accessed April 2020) 

29. Carey, Mark and Mark Hrycay. “Credit flow, risk, and the role of private debt in capital structure.” 1999. Unpublished
working paper, Federal Reserve Board. (accessed April 2020) 

30. “All Banks Home.” BankRegData. 2020. http://bankregdata.com/allHm.asp (accessed July 2020) 
31. “Quarterly Banking Profile: First Quarter 2020.” FDIC. May 25, 2020.

https://www.fdic.gov/bank/analytical/qbp/2020mar/qbp.pdf#page=1 (accessed May 2020) 
32. Ohm, Carina, Liza Zozula Jensen, and Rune Jørgensen. “Climate Risk Disclosure Barometer 2020.” Ernst & Young.

April 2020.
https://www.ey.com/Publication/vwLUAssets/Climate_Risk_Disclosure_Barometer_Denmark_2020/$FILE/ey-
climate-risk-disclosure-barometer-2020.pdf#page=12 (accessed July 2020) 

33. “A hundred investors with assets totalling nearly $2 trillion call on world’s largest banks to disclose climate-
related financial information.” Asset Owners Disclosure Project. September 19, 2017.
https://aodproject.net/investor-letter-banks/ (accessed July 2020) 

34. “Environmental Risks Global Heatmap Overview.” Moody’s. September 25, 2018.
https://www.moodys.com/sites/products/ProductAttachments/Infographics/Environmental-Risks-Global-
Heatmap-Overview.pdf (accessed July 2020) 

SECTION TWO: Identifying Relevant Climate Scenarios 
1. Bolton, Patrick, Morgan Despres, Luiz Awazu Pereira Da Silva, Frédéric Samama, and Romain Svartzman. “The

green swan: Central banking and financial stability in the age of climate change.” Banque de France. January 
2020. https://www.bis.org/publ/othp31.pdf (accessed July 2020) 

2. “Extending Our Horizons: Assessing Credit Risk and Opportunity in a Changing Climate.” United Nations
Environment Programme Finance Initiative. April 24, 2018. https://www.unepfi.org/publications/banking-
publications/extending-our-horizons/ (accessed July 2020) 

3. Jorion, Philippe. “Value at Risk: The New Benchmark for Managing Financial Risk.” McGraw-Hill Companies, Inc.
November 9, 2006. (accessed May 2020) 

https://www.pbl.nl/sites/default/files/downloads/pbl-2017-limiting-global-temperature-change-to-1-5-degree-celsius_2743.pdf
https://www.pbl.nl/sites/default/files/downloads/pbl-2017-limiting-global-temperature-change-to-1-5-degree-celsius_2743.pdf
https://www.iea.org/reports/world-energy-outlook-2019
https://www.iea.org/reports/world-energy-outlook-2019
https://www.nature.com/articles/s41558-019-0501-1
https://about.bankofamerica.com/assets/pdf/task-force-climate-financial-disclosures-report.pdf
https://www.ecb.europa.eu/pub/pdf/fsr/ecb.fsr201905~266e856634.en.pdf
https://www.eiopa.europa.eu/content/eiopa-financial-stability-report-december-2019_en
https://www.nature.com/articles/nclimate3255
https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX:32014D0746
https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX:32014D0746
http://bankregdata.com/allHm.asp
https://www.fdic.gov/bank/analytical/qbp/2020mar/qbp.pdf#page=1
https://www.ey.com/Publication/vwLUAssets/Climate_Risk_Disclosure_Barometer_Denmark_2020/$FILE/ey-climate-risk-disclosure-barometer-2020.pdf#page=12
https://www.ey.com/Publication/vwLUAssets/Climate_Risk_Disclosure_Barometer_Denmark_2020/$FILE/ey-climate-risk-disclosure-barometer-2020.pdf#page=12
https://aodproject.net/investor-letter-banks/
https://www.moodys.com/sites/products/ProductAttachments/Infographics/Environmental-Risks-Global-Heatmap-Overview.pdf
https://www.moodys.com/sites/products/ProductAttachments/Infographics/Environmental-Risks-Global-Heatmap-Overview.pdf
https://www.bis.org/publ/othp31.pdf
https://www.unepfi.org/publications/banking-publications/extending-our-horizons/
https://www.unepfi.org/publications/banking-publications/extending-our-horizons/


FINANCING A NET-ZERO ECONOMY: MEASURING AND ADDRESSING CLIMATE RISK FOR BANKS 

64 | Ceres            ceres.org/bankrisk 

4. “Climate Change 2014: Synthesis Report.” Intergovernmental Panel on Climate Change. 2014.
https://www.ipcc.ch/report/ar5/syr/ (accessed May 2020) 

5. Kriegler, Elmar, et al. “What Does the 2 Degree C Target Imply for a Global Climate Agreement in 2020? The LIMITS
Study on Durban Platform Scenarios.” Climate Change Economics, Vol. 4, No. 04, 1340008. 2013.
https://www.worldscientific.com/doi/abs/10.1142/S2010007813400083 (accessed April 2020) 

6. McCollum, David L. et al. “Energy investment needs for fulfilling the Paris Agreement and achieving the 
Sustainable Development Goals.” Nature Energy. June 18, 2018. https://www.nature.com/articles/s41560-018-
0179-z (accessed May 2020) 

7. Paroussos, Leonidas, et al. “Climate clubs and the macro-economic benefits of international cooperation on
climate policy.” Nature Climate Change. June 17, 2019. https://www.nature.com/articles/s41558-019-0501-1 
(accessed April 2020) 

8. “Pilot Project on Implementing the TCFD Recommendations for Banks.” United Nations Environment Programme
Finance Initiative. 2018. https://www.unepfi.org/banking/tcfd/ (accessed July 2020) 

9. Battiston, Stefano, Guido Caldarelli, Marco D’Errico, and Stefano Gurciullo. “Leveraging the network: A stress-test
framework based on DebtRank.” Statistics and Risk Modeling, Volume 33, Issue 3-4, pp. 117-138. Agusts 19, 2016. 
https://www.degruyter.com/view/journals/strm/33/3-4/article-p117.xml (accessed April 2020) 

10. Battiston, Stefano, Michelangelo Puliga, Rahul Kaushik, Pailo Tasca, and Guido Calderelli. “DebtRank: Too Central 
to Fail? Financial Networks, the FED and Systemic Risk.” Nature Scientific Reports. August 2, 2012.
https://www.nature.com/articles/srep00541 (accessed June 2020) 

11. “Global Warming of 1.5ºC.” Intergovernmental Panel on Climate Change. October 8, 2018.
https://www.ipcc.ch/sr15/ (accessed July 2020) 

12. “LIMITS Work Package 1-2ºC scenario study protocal 2016.
https://tntcat.iiasa.ac.at/LIMITSDB/static/download/LIMITS_overview_SOM_Study_Protocol_Final.pdf
(accessed July 2020) 

13. “Global Warming of 1.5ºC.” Intergovernmental Panel on Climate Change. October 8, 2018.
https://www.ipcc.ch/sr15/ (accessed July 2020) 

14. “Inevitable Policy Response.” Principles for Responsible Investment. December 2019.
https://www.unpri.org/inevitable-policy-response/what-is-the-inevitable-policy-response/4787.article
(accessed July 2020) 

15. “NGFS Climate Scenarios for central banks and supervisors.” Network for Greening the Financial System. June 
2020.
https://www.ngfs.net/sites/default/files/medias/documents/820184_ngfs_scenarios_final_version_v6.pdf#pa
ge=12 (accessed June 2020) 

SECTION THREE: Integrating Scenarios into Pricing and Stress Tests for U.S. Banks 
1. Battiston, Stefano, Antoine Mandel, Irene Monasterolo, Franziska Schütze, and Gabriele Visentin. “A climate

stress-test of the financial system.” Nature Climate Change. March 27, 2017. 
https://www.nature.com/articles/nclimate3255 (accessed April 2020) 

2. Battiston, Stefano, Antoine Mandel, and Irene Monasterolo. “CLIMAFIN handbook: pricing forward-looking climate
risks under uncertainty Part 1.” Social Science Research Network. November 8, 2019.
https://poseidon01.ssrn.com/delivery.php?ID=13512609008811801211108702908203110011604706508101109409812
4008099127067077093004112035055107107098031041021103067028068114016061036008039068115117099028101
099088120023083033073018106112031101009117113089109110097069023026121093108127030123079086014078&E
XT=pdf (accessed April 2020) 

3. Battiston, Stefano, Guido Caldarelli, Robert M. May, Tarik Roukny, and Joseph E. Stiglitz. “The price of complexity in
financial networks.” Proceedings of the National Academy of Sciences. July 6, 2016.
https://www.pnas.org/content/113/36/10031 (accessed June 2020) 

4. Diem, Christian, Anton Pichler, and Stefan Thurner. “What is the minimal systemic risk in financial exposure
networks?” Journal of Economic Dynamics and Control. April 12, 2020. 
https://www.sciencedirect.com/science/article/pii/S0165188920300683 (accessed June 2020) 

https://www.ipcc.ch/report/ar5/syr/
https://www.worldscientific.com/doi/abs/10.1142/S2010007813400083
https://www.nature.com/articles/s41560-018-0179-z
https://www.nature.com/articles/s41560-018-0179-z
https://www.nature.com/articles/s41558-019-0501-1
https://www.unepfi.org/banking/tcfd/
https://www.degruyter.com/view/journals/strm/33/3-4/article-p117.xml
https://www.nature.com/articles/srep00541
https://www.ipcc.ch/sr15/
https://tntcat.iiasa.ac.at/LIMITSDB/static/download/LIMITS_overview_SOM_Study_Protocol_Final.pdf
https://www.ipcc.ch/sr15/
https://www.unpri.org/inevitable-policy-response/what-is-the-inevitable-policy-response/4787.article
https://www.ngfs.net/sites/default/files/medias/documents/820184_ngfs_scenarios_final_version_v6.pdf#page=12
https://www.ngfs.net/sites/default/files/medias/documents/820184_ngfs_scenarios_final_version_v6.pdf#page=12
https://www.nature.com/articles/nclimate3255
https://poseidon01.ssrn.com/delivery.php?ID=135126090088118012111087029082031100116047065081011094098124008099127067077093004112035055107107098031041021103067028068114016061036008039068115117099028101099088120023083033073018106112031101009117113089109110097069023026121093108127030123079086014078&EXT=pdf
https://poseidon01.ssrn.com/delivery.php?ID=135126090088118012111087029082031100116047065081011094098124008099127067077093004112035055107107098031041021103067028068114016061036008039068115117099028101099088120023083033073018106112031101009117113089109110097069023026121093108127030123079086014078&EXT=pdf
https://poseidon01.ssrn.com/delivery.php?ID=135126090088118012111087029082031100116047065081011094098124008099127067077093004112035055107107098031041021103067028068114016061036008039068115117099028101099088120023083033073018106112031101009117113089109110097069023026121093108127030123079086014078&EXT=pdf
https://poseidon01.ssrn.com/delivery.php?ID=135126090088118012111087029082031100116047065081011094098124008099127067077093004112035055107107098031041021103067028068114016061036008039068115117099028101099088120023083033073018106112031101009117113089109110097069023026121093108127030123079086014078&EXT=pdf
https://www.pnas.org/content/113/36/10031
https://www.sciencedirect.com/science/article/pii/S0165188920300683


FINANCING A NET-ZERO ECONOMY: MEASURING AND ADDRESSING CLIMATE RISK FOR BANKS 

65 | Ceres            ceres.org/bankrisk 

5. “LGD Report 2019 - Large Corporate Borrowers.” Global Credit Data. February 18, 2019. 
https://www.globalcreditdata.org/system/files/documents/gcd_lgd_report_large_corporates_2019.pdf 
(accessed June 2020) 

6. Shibut, Lynn and Ryan Singer. “Loss Given Default for Commercial Loans at Failed Banks.” FDIC Center for
Financial Research. June, 2014. https://www.fdic.gov/bank/analytical/cfr/bios/shibut-singer-wp.pdf (accessed
June 2020) 

7. “The 2021 Biennial Exploratory Scenario on the Financial Risks from Climate Change.” Bank of England. December
2019. https://www.bankofengland.co.uk/-/media/boe/files/paper/2019/the-2021-biennial-exploratory-scenario-
on-the-financial-risks-from-climate-change.pdf?la=en&hash=73D06B913C73472D0DF21F18DB71C2F454148C80 
(accessed June 2020) 

8. Kaufman, George G. and Kenneth E. Scott. “What is Systemic Risk, and Do Bank Regulators Retard or Contribute to 
It?” The Independent Review, Volume 7, Number 3, pp. 371-391, 2003. 
https://www.independent.org/pdf/tir/tir_07_3_scott.pdf (accessed April 2020). 

9. Greenlaw, David, Jan Hatzius, Anil K. Kashyap, and Hyun Song Shin. “Leveraged Losses: Lessons from the
Mortgage Market Meltdown.” Proceedings of the US monetary policy forum, Volume 2008, pp. 8-59. 2008.
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.160.4646&rep=rep1&type=pdf (accessed April 2020) 

10. Mishkin, Frederic S. “Over the Cliff: From the Subprime to the Global Financial Crisis.” Journal of Economic 
Perspectives, Volume 25, Number 1, pp. 49-70, 2011.
https://www0.gsb.columbia.edu/mygsb/faculty/research/pubfiles/5186/jep%252E25%252E1%252E49.pdf
(accessed April 2020) 

11. Luttrell, David, Tyler Atkinson, and Harvey Rosenblum. “Assessing the Costs and Consequences of the 2007-09 
Financial Crisis and Its Aftermath.” Economic Letter, Volume 8, Number 7, September 2013. 
https://www.dallasfed.org/~/media/Documents/research/eclett/2013/el1307.ashx (accessed April 2020) 

12. “Policy Statement on Payment System Risk.” Federal Reserve. 2017.
https://www.federalreserve.gov/paymentsystems/files/psr_policy.pdf (accessed April 2020) 

13. Ramani, Veena. “Addressing Climate as a Systemic Risk: A call to action for U.S. financial regulators.” Ceres. June 1, 
2020. https://www.ceres.org/resources/reports/addressing-climate-systemic-risk (accessed June 2020) 

14. “Policy Statement on Payments System Risk.” Federal Reserve, Docket No. R-1107. 2001. 
https://www.govinfo.gov/content/pkg/FR-2001-06-05/pdf/01-13978.pdf (accessed April 2020) 

15. Eisenberg, Larry, and Thomas H. Noe. “Systemic Risk in Financial Systems.” Management Science, Volume 7, 
Number 2, pp. 236-249. February 2001. https://doi.org/10.1287/mnsc.47.2.236.9835 (accessed April 2020) 

16. That is, full recovery from counterparties’ asset liquidation and no mark-to-market valuation of debt obligations. 
17. BankRegData. 2020. http://bankregdata.com/allHm.asp (accessed July 2020) 
18. Note that the loss on the utility sector is equal to 0% because the base case considers an average U.S. utility for

which the net impact of climate policy shocks is positive. 
19. Ibid. 
20. Ibid. 
21. Roncoroni, Alan, Stefano Battiston, Luis O. L. Escobar Farfan, and Serafin Martinez Jaramillo. “Climate Risk and

Financial Stability in the Network of Banks and Investment Funds.” SSRN. 2019.
https://poseidon01.ssrn.com/delivery.php?ID=82010610102702710308006910112406512203708908904205302610
709812308107212706401701710806001605906304004711700211607701509210107200708204406408600400408501
5115069102092030015033096122069021083081118081029127074123069071124117124122105125081072110124123120&E
XT=pdf (accessed June 2020) 

22. Ramani, Veena. “Addressing Climate as a Systemic Risk: A call to action for U.S. financial regulators.” Ceres. June 1, 
2020. https://www.ceres.org/resources/reports/addressing-climate-systemic-risk (accessed June 2020) 

23. Adrian, Tobias, and Hyun Song Shin. “Liquidity and Financial Contagion.” Banque de France. February 2008.
https://entreprises.banque-france.fr/sites/default/files/medias/documents/financial-stability-review-11_2008-
02.pdf#page=11https://www.newyorkfed.org/medialibrary/media/research/staff_reports/sr346.pdf (accessed 
May 2020) 

24. Duarte, Fernando,  and Thomas Eisenbach. “Fire-Sale Spillovers and Systemic Risk.” Federal Reserve Bank of New 
York. December 2019. https://www.newyorkfed.org/research/staff_reports/sr645.html (accessed July 2020) 

https://www.globalcreditdata.org/system/files/documents/gcd_lgd_report_large_corporates_2019.pdf
https://www.fdic.gov/bank/analytical/cfr/bios/shibut-singer-wp.pdf
https://www.bankofengland.co.uk/-/media/boe/files/paper/2019/the-2021-biennial-exploratory-scenario-on-the-financial-risks-from-climate-change.pdf?la=en&hash=73D06B913C73472D0DF21F18DB71C2F454148C80
https://www.bankofengland.co.uk/-/media/boe/files/paper/2019/the-2021-biennial-exploratory-scenario-on-the-financial-risks-from-climate-change.pdf?la=en&hash=73D06B913C73472D0DF21F18DB71C2F454148C80
https://www.independent.org/pdf/tir/tir_07_3_scott.pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.160.4646&rep=rep1&type=pdf
https://www0.gsb.columbia.edu/mygsb/faculty/research/pubfiles/5186/jep%252E25%252E1%252E49.pdf
https://www.dallasfed.org/~/media/Documents/research/eclett/2013/el1307.ashx
https://www.federalreserve.gov/paymentsystems/files/psr_policy.pdf
https://www.ceres.org/resources/reports/addressing-climate-systemic-risk
https://www.govinfo.gov/content/pkg/FR-2001-06-05/pdf/01-13978.pdf
https://doi.org/10.1287/mnsc.47.2.236.9835
http://bankregdata.com/allHm.asp
https://poseidon01.ssrn.com/delivery.php?ID=820106101027027103080069101124065122037089089042053026107098123081072127064017017108060016059063040047117002116077015092101072007082044064086004004085015115069102092030015033096122069021083081118081029127074123069071124117124122105125081072110124123120&EXT=pdf
https://poseidon01.ssrn.com/delivery.php?ID=820106101027027103080069101124065122037089089042053026107098123081072127064017017108060016059063040047117002116077015092101072007082044064086004004085015115069102092030015033096122069021083081118081029127074123069071124117124122105125081072110124123120&EXT=pdf
https://poseidon01.ssrn.com/delivery.php?ID=820106101027027103080069101124065122037089089042053026107098123081072127064017017108060016059063040047117002116077015092101072007082044064086004004085015115069102092030015033096122069021083081118081029127074123069071124117124122105125081072110124123120&EXT=pdf
https://poseidon01.ssrn.com/delivery.php?ID=820106101027027103080069101124065122037089089042053026107098123081072127064017017108060016059063040047117002116077015092101072007082044064086004004085015115069102092030015033096122069021083081118081029127074123069071124117124122105125081072110124123120&EXT=pdf
https://www.ceres.org/resources/reports/addressing-climate-systemic-risk
https://entreprises.banque-france.fr/sites/default/files/medias/documents/financial-stability-review-11_2008-02.pdf#page=11
https://entreprises.banque-france.fr/sites/default/files/medias/documents/financial-stability-review-11_2008-02.pdf#page=11
https://www.newyorkfed.org/medialibrary/media/research/staff_reports/sr346.pdf
https://www.newyorkfed.org/research/economists/duarte/index.html
https://www.newyorkfed.org/research/economists/duarte/index.html
https://www.newyorkfed.org/research/economists/eisenbach/index.html
https://www.newyorkfed.org/research/staff_reports/sr645.html


FINANCING A NET-ZERO ECONOMY: MEASURING AND ADDRESSING CLIMATE RISK FOR BANKS 

66 | Ceres            ceres.org/bankrisk 

25. Roncoroni, Alan, Stefano Battiston, Luis O. L. Escobar Farfan, and Serafin Martinez Jaramillo. “Climate Risk and 
Financial Stability in the Network of Banks and Investment Funds.” SSRN. 2019.
https://poseidon01.ssrn.com/delivery.php?ID=82010610102702710308006910112406512203708908904205302610
709812308107212706401701710806001605906304004711700211607701509210107200708204406408600400408501
5115069102092030015033096122069021083081118081029127074123069071124117124122105125081072110124123120&E
XT=pdf (accessed June 2020) 

26. Ibid. 

SECTION FOUR: Impact of Relationship Lending on Risk Mitigation Timelines  
1. “TCFD Supporters.” Financial Stability Board Task Force on Climate-related Financial Disclosures. February 2020.

https://www.fsb-tcfd.org/tcfd-supporters/ (accessed June 2020) 
2. “Standards Overview.” Sustainability Accounting Standards Board. November 2018.

https://www.sasb.org/standards-overview/ (accessed June 2020) 
3. “Disclosure.” Carbon Disclosure Project. https://www.cdp.net/en/info/about-us/disclosure (accessed June 2020) 
4. “GRI Standards.” Global Reporting Initiative. https://www.globalreporting.org/standards (accessed June 2020) 
5. Cadan, Yossi, Ahmed Mokgopo, and Clara Vondrich. “ $11 trillions and counting.” 2019. 

https://financingthefuture.platform350.org/wp-content/uploads/sites/60/2019/09/FF_11Trillion-WEB.pdf
(accessed May 2020) 

6. Buckley, Tim. “Over 100 Global Financial Institutions are exiting coal, with more to come.” Institute for Energy
Economics and Financial Analysis. 27 February 2019. http://ieefa.org/wp-content/uploads/2019/02/IEEFA-
Report_100-and-counting_Coal-Exit_Feb-2019.pdf (accessed May 2020) 

7. Monasterolo, Irene, and Luca de Angelis. “Blind to carbon risk? An analysis of stock market reaction to the Paris 
Agreement.” Ecological Economics, Volume 170, 106571. April 2020. 
https://www.sciencedirect.com/science/article/abs/pii/S0921800919309607 (accessed May 2020) 

8. “A call for action: Climate change as a source of financial risk.” NGFS. April 2019. https://www.banque-
france.fr/sites/default/files/media/2019/04/17/ngfs_first_comprehensive_report_-_17042019_0.pdf (accessed 
May 2020) 

9. Chen, Linda H., Lucia Silva Gao. “The Pricing of Climate Risk.” Journal of Financial and Economic Practice, Volume
12, Number 2, pp. 115–131. 7 September 2012. 
https://poseidon01.ssrn.com/delivery.php?ID=04600312309602009900706407008809311100502103305402902
203110003109802900109109807207610703211104500803510702211102212112509400305203302603708300206910
0065125093121041084034013074123106083083096086074094064022067084087003022103115103127029094006
088093&EXT=pdf (accessed May 2020) 

10. Jung, Juhyun, Kathleen Herbohn, and Peter Clarkson. “Carbon risk, carbon risk awareness and the cost of debt
financing.” Journal of Business Ethics, Volume 150, Number 4, pp. 1151-1171. July 2018. 
https://link.springer.com/article/10.1007%2Fs10551-016-3207-6 (accesses May 2020) 

11. Kumar, Praveen, and Mohammad Firoz. “Impact of carbon emissions on cost of debt-evidence from India.”
Managerial Finance, Volume 44, Number 12, pp.1401-1417. December 2018. 
https://www.researchgate.net/publication/327689160_Impact_of_carbon_emissions_on_cost_of_debt-
evidence_from_India (accessed May 2020) 

12. Maaloul, Anis. “The effect of greenhouse gas emissions on cost of debt: Evidence from Canadian firms.” 
Corporate Social Responsibility and Environmental Management, Volume 25, Number 6, pp. 1407-1415. September
2018. https://onlinelibrary.wiley.com/doi/epdf/10.1002/csr.1662 (accessed May 2020) 

13. Zhou, Zhifang, Tao Zhang, Kang Wen, Huixiang Zeng, Xiaohong Chen. “Carbon risk, cost of debt financing and the
moderation effect of media attention: Evidence from Chinese companies operating in high-carbon industries.”
Business Strategy and the Environment, Volume 27, Number 8, pp. 1131-1144. 30 March 2018. 
https://onlinelibrary.wiley.com/doi/epdf/10.1002/bse.2056 (accessed May 2020) 

14. Fernández-Cuesta, Carmen, Paula Castro, María T. Tascón, and Francisco J. Castaño. “The effect of environmental 
performance on financial debt. European evidence.” Journal of cleaner production, Volume 207, pp. 379-390. 10 
January 2019. https://doi.org/10.1016/j.jclepro.2018.09.239 (accessed May 2020) 

https://poseidon01.ssrn.com/delivery.php?ID=820106101027027103080069101124065122037089089042053026107098123081072127064017017108060016059063040047117002116077015092101072007082044064086004004085015115069102092030015033096122069021083081118081029127074123069071124117124122105125081072110124123120&EXT=pdf
https://poseidon01.ssrn.com/delivery.php?ID=820106101027027103080069101124065122037089089042053026107098123081072127064017017108060016059063040047117002116077015092101072007082044064086004004085015115069102092030015033096122069021083081118081029127074123069071124117124122105125081072110124123120&EXT=pdf
https://poseidon01.ssrn.com/delivery.php?ID=820106101027027103080069101124065122037089089042053026107098123081072127064017017108060016059063040047117002116077015092101072007082044064086004004085015115069102092030015033096122069021083081118081029127074123069071124117124122105125081072110124123120&EXT=pdf
https://poseidon01.ssrn.com/delivery.php?ID=820106101027027103080069101124065122037089089042053026107098123081072127064017017108060016059063040047117002116077015092101072007082044064086004004085015115069102092030015033096122069021083081118081029127074123069071124117124122105125081072110124123120&EXT=pdf
https://www.fsb-tcfd.org/tcfd-supporters/
https://www.sasb.org/standards-overview/
https://www.cdp.net/en/info/about-us/disclosure
https://www.globalreporting.org/standards
https://financingthefuture.platform350.org/wp-content/uploads/sites/60/2019/09/FF_11Trillion-WEB.pdf
http://ieefa.org/wp-content/uploads/2019/02/IEEFA-Report_100-and-counting_Coal-Exit_Feb-2019.pdf
http://ieefa.org/wp-content/uploads/2019/02/IEEFA-Report_100-and-counting_Coal-Exit_Feb-2019.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0921800919309607
https://www.banque-france.fr/sites/default/files/media/2019/04/17/ngfs_first_comprehensive_report_-_17042019_0.pdf
https://www.banque-france.fr/sites/default/files/media/2019/04/17/ngfs_first_comprehensive_report_-_17042019_0.pdf
https://poseidon01.ssrn.com/delivery.php?ID=046003123096020099007064070088093111005021033054029022031100031098029001091098072076107032111045008035107022111022121125094003052033026037083002069100065125093121041084034013074123106083083096086074094064022067084087003022103115103127029094006088093&EXT=pdf
https://poseidon01.ssrn.com/delivery.php?ID=046003123096020099007064070088093111005021033054029022031100031098029001091098072076107032111045008035107022111022121125094003052033026037083002069100065125093121041084034013074123106083083096086074094064022067084087003022103115103127029094006088093&EXT=pdf
https://poseidon01.ssrn.com/delivery.php?ID=046003123096020099007064070088093111005021033054029022031100031098029001091098072076107032111045008035107022111022121125094003052033026037083002069100065125093121041084034013074123106083083096086074094064022067084087003022103115103127029094006088093&EXT=pdf
https://poseidon01.ssrn.com/delivery.php?ID=046003123096020099007064070088093111005021033054029022031100031098029001091098072076107032111045008035107022111022121125094003052033026037083002069100065125093121041084034013074123106083083096086074094064022067084087003022103115103127029094006088093&EXT=pdf
https://link.springer.com/article/10.1007%2Fs10551-016-3207-6
https://www.researchgate.net/publication/327689160_Impact_of_carbon_emissions_on_cost_of_debt-evidence_from_India
https://www.researchgate.net/publication/327689160_Impact_of_carbon_emissions_on_cost_of_debt-evidence_from_India
https://onlinelibrary.wiley.com/doi/epdf/10.1002/csr.1662
https://onlinelibrary.wiley.com/doi/epdf/10.1002/bse.2056
https://doi.org/10.1016/j.jclepro.2018.09.239


FINANCING A NET-ZERO ECONOMY: MEASURING AND ADDRESSING CLIMATE RISK FOR BANKS 

67 | Ceres            ceres.org/bankrisk 

15. Konar, Shameek, and Mark A. Cohen. “Does the market value environmental performance?” Review of economics
and statistics, Volume 83, Number 2, pp. 281-289. May 2001. https://www.jstor.org/stable/3211606?seq=1 
(accessed May 2020) 

16. Sudheer, Chava. “Environmental externalities and cost of capital.” Management Science, Volume 60, Number 9, 
pp. 2223-224. 15 May 2014. https://pubsonline.informs.org/doi/pdf/10.1287/mnsc.2013.1863 (accessed May 2020) 

17. Sharfman, Mark P., and Chitru S. Fernando. “Environmental risk management and the cost of capital.” Strategic 
Management Journal, Volume 29, Number 6, pp. 569-592. June 2008.
https://www.jstor.org/stable/20142042?seq=1 (accessed May 2020) 

18. Chen, I-Ju, Iftekhar Hasan, Chih-Yung Lin, and Tra Ngoc Vy Nguyen. “Do Banks Value Borrowers' Environmental 
Record? Evidence from Financial Contracts.” July 1 2018.
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3416019 (accessed May 2020) 

19. “Banking on Climate Change - Fossil Fuel Finance Report Card 2019.” BankTrack. March 20, 2019.
https://www.banktrack.org/article/banking_on_climate_change_fossil_fuel_finance_report_card_2019 
(accessed April 2020) 

20. “Understanding Our Climate-Related Risks and Opportunities.” JP Morgan Chase & Co. May 2019.
https://www.jpmorganchase.com/corporate/Corporate-Responsibility/document/jpmc-cr-climate-report-
2019.pdf (accessed June 2020) 

21. “Responsible Growth and a Low-Carbon Economy.” Bank of America. April 2020.
https://about.bankofamerica.com/assets/pdf/task-force-climate-financial-disclosures-report.pdf (accessed
June 2020) 

22. “Finance for a Climate-Resilient Future.” Citigroup. November 2018. 
https://www.citi.com/citi/sustainability/data/finance-for-a-climate-resilient-future.pdf (accessed June 2020) 

23. Surane, Jennifer. “Citi to Start Measuring How Much Carbon Emission Comes From Its Loans.” Bloomberg. July 29, 
2020. https://www.bloomberg.com/news/articles/2020-07-29/citi-to-measure-disclose-emissions-tied-to-
lending-portfolio (accessed July 2020) 

24. Cooper, Rachel. “Bank of America to measure carbon impact of loans and investments.” ClimateAction. August 4, 
2020. http://www.climateaction.org/news/bank-of-america-to-measure-carbon-impact-of-loans-and-
investments#:~:text=Mobility-
,Bank%20of%20America%20to%20measure%20carbon%20impact%20of%20loans%20and,framework%20to%20a
ssess%20financed%20emissions. (accessed August 2020) 

25. Koning Beals, Rachel. “Morgan Stanley will be first U.S. bank to disclose how much its loans and investments 
contribute to greenhouse-gas emissions.” MarketWatch. July 20, 2020. 
https://www.marketwatch.com/story/morgan-stanley-will-be-first-us-bank-to-disclose-how-much-its-loans-
and-investments-contribute-to-greenhouse-gas-emissions-2020-07-20 (accessed July 2020) 

26. “Wells Fargo Issue Brief: Climate Change.” WellsFargo.
https://www08.wellsfargomedia.com/assets/pdf/about/corporate-responsibility/climate-change-issue-
brief.pdf (accessed July 2020) 

27. “Morgan Stanley Announces Commitment to Reach Net-Zero Financed Emissions by 2050.” Business Wire.
September 21, 2020. https://www.businesswire.com/news/home/20200921005255/en/Morgan-Stanley-
Announces-Commitment-to-Reach-Net-Zero-Financed-Emissions-by-2050 (accessed September 2020) 

28. “JPMorgan Chase Adopts Paris-Aligned Financing Commitment.” JPMorgan Chase & Co. October 6, 2020.
https://www.jpmorganchase.com/ir/news/2020/adopts-paris-aligned-financing-commitment (accessed
October 2020) 

29. Battiston, Stefano, et al. “A climate stress-test of the financial system.” Nature Climate Change. March 27, 2017.
https://www.nature.com/articles/nclimate3255?platform=hootsuite (accessed April 2020) 

30. “It’s Closing Time: The Huge Bill to Abandon Oilfields Comes Early.” Carbon Tracker. June 2020.
https://carbontracker.org/reports/its-closing-time/ (accessed June 2020) 

31. Landell-Mills, Natasha. “BP’s Reduction In Its Oil and Gas Prices.” Sarasin and Partners. June 15, 2020. 
https://sarasinandpartners.com/think/bps-reduction-it-its-oil-and-gas-prices/ (accessed June 2020) 

32. “Pilot Project on Implementing the TCFD Recommendations for Banks.” United Nations Environment Programme
Finance Initiative. 2018. https://www.unepfi.org/banking/tcfd/ (accessed July 2020) 

https://www.jstor.org/stable/3211606?seq=1
https://pubsonline.informs.org/doi/pdf/10.1287/mnsc.2013.1863
https://www.jstor.org/stable/20142042?seq=1
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3416019
https://www.banktrack.org/article/banking_on_climate_change_fossil_fuel_finance_report_card_2019
https://www.jpmorganchase.com/corporate/Corporate-Responsibility/document/jpmc-cr-climate-report-2019.pdf
https://www.jpmorganchase.com/corporate/Corporate-Responsibility/document/jpmc-cr-climate-report-2019.pdf
https://about.bankofamerica.com/assets/pdf/task-force-climate-financial-disclosures-report.pdf
https://www.citi.com/citi/sustainability/data/finance-for-a-climate-resilient-future.pdf
https://www.bloomberg.com/news/articles/2020-07-29/citi-to-measure-disclose-emissions-tied-to-lending-portfolio
https://www.bloomberg.com/news/articles/2020-07-29/citi-to-measure-disclose-emissions-tied-to-lending-portfolio
http://www.climateaction.org/news/bank-of-america-to-measure-carbon-impact-of-loans-and-investments#:~:text=Mobility-,Bank%20of%20America%20to%20measure%20carbon%20impact%20of%20loans%20and,framework%20to%20assess%20financed%20emissions
http://www.climateaction.org/news/bank-of-america-to-measure-carbon-impact-of-loans-and-investments#:~:text=Mobility-,Bank%20of%20America%20to%20measure%20carbon%20impact%20of%20loans%20and,framework%20to%20assess%20financed%20emissions
http://www.climateaction.org/news/bank-of-america-to-measure-carbon-impact-of-loans-and-investments#:~:text=Mobility-,Bank%20of%20America%20to%20measure%20carbon%20impact%20of%20loans%20and,framework%20to%20assess%20financed%20emissions
http://www.climateaction.org/news/bank-of-america-to-measure-carbon-impact-of-loans-and-investments#:~:text=Mobility-,Bank%20of%20America%20to%20measure%20carbon%20impact%20of%20loans%20and,framework%20to%20assess%20financed%20emissions
https://www.marketwatch.com/story/morgan-stanley-will-be-first-us-bank-to-disclose-how-much-its-loans-and-investments-contribute-to-greenhouse-gas-emissions-2020-07-20
https://www.marketwatch.com/story/morgan-stanley-will-be-first-us-bank-to-disclose-how-much-its-loans-and-investments-contribute-to-greenhouse-gas-emissions-2020-07-20
https://www08.wellsfargomedia.com/assets/pdf/about/corporate-responsibility/climate-change-issue-brief.pdf
https://www08.wellsfargomedia.com/assets/pdf/about/corporate-responsibility/climate-change-issue-brief.pdf
https://www.businesswire.com/news/home/20200921005255/en/Morgan-Stanley-Announces-Commitment-to-Reach-Net-Zero-Financed-Emissions-by-2050
https://www.businesswire.com/news/home/20200921005255/en/Morgan-Stanley-Announces-Commitment-to-Reach-Net-Zero-Financed-Emissions-by-2050
https://www.jpmorganchase.com/ir/news/2020/adopts-paris-aligned-financing-commitment
https://www.nature.com/articles/nclimate3255?platform=hootsuite
https://carbontracker.org/reports/its-closing-time/
https://sarasinandpartners.com/think/bps-reduction-it-its-oil-and-gas-prices/
https://www.unepfi.org/banking/tcfd/


FINANCING A NET-ZERO ECONOMY: MEASURING AND ADDRESSING CLIMATE RISK FOR BANKS 

68 | Ceres            ceres.org/bankrisk 

33. “Financial institutions taking action.” Partnership for Carbon Accounting Financials.
https://carbonaccountingfinancials.com/financial-institutions-taking-action (accessed September 2020) 

34. Beitsch, Rebecca. “Morgan Stanley commits to measuring climate change impacts of its investments.” The Hill.
July 20, 2020. https://thehill.com/policy/energy-environment/508117-morgan-stanley-commits-to-measuring-
climate-change-impacts-of (accessed July 2020) 

35. “Bank of America Largest U.S. Financial Institution to Join The Partnership for Carbon Accounting Financials and 
Its Core Team.” Bank of America. July 29, 2020. https://newsroom.bankofamerica.com/press-
releases/environment/bank-america-largest-us-financial-institution-join-partnership-
carbon#:~:text=The%20Partnership%20for%20Carbon%20Accounting%20Financials%20(PCAF)%20announced%
20today%20that,to%20participate%20in%20this%20collaboration. (accessed July 2020) 

36. “Citi Announces New Five-Year Sustainable Progress Strategy to Finance Climate Solutions and Reduce Climate
Risk.” Citigroup. July 29, 2020. https://www.citigroup.com/citi/news/2020/200729a.htm (accessed July 2020) 

37. “Taxonomy: Final report of the Technical Expert Group on Sustainable Finance.” EU Technical Expert Group on
Sustainable Finance. March 2020.
https://ec.europa.eu/info/sites/info/files/business_economy_euro/banking_and_finance/documents/200309
-sustainable-finance-teg-final-report-taxonomy_en.pdf (accessed June 2020) 

38. “Paris Agreement Capital Transition Assessment (PACTA).” 2 Degree Investing Initiative. https://2degrees-
investing.org/resource/pacta/ (accessed July 2020) 

39. Kölbel, Julian F., Florian Heeb, Falko Paetzold, and Timo Busch. “Can Sustainable Investing Save the World?
Reviewing the Mechanisms of Investor Impact.” July 20 2019. https://ssrn.com/abstract=3289544  (accessed 
June 2020) 

40. “Rock Mountain Institute launches the Center for Climate-Aligned Finance.” Rocky Mountain Institute. July 9, 2020.
https://rmi.org/press-release/rocky-mountain-institute-launches-the-center-for-climate-aligned-finance/ 
(accessed July 2020) 

41. This result relies on the assumption that the initial level of risk on green investment is sufficiently large so that a 
linear approximation of the relation between sectoral economic shock and default probability remains valid even
for large positive shocks. 

42. “GREEN TARGETS: A Tool To Compare Private Sector Banks’ Sustainable Finance Commitments.” World
Resources Institute. July 2019. https://www.wri.org/finance/banks-sustainable-finance-commitments/
(accessed April 2020) 

43. Anda, Jon, Alexander Golub, and Elena Strukova. “Economics of Climate Change Under Uncertainty: Benefits of
Flexibility.” Energy Policy, Volume 37, Issue 4, pp. 1345-1355. April 2009. 
https://www.sciencedirect.com/science/article/abs/pii/S0301421508007155 (accessed May 2020) 

44. Ibid. 
45. “Morgan Stanley Announces Commitment to Reach Net-Zero Financed Emissions by 2050.” Business Wire.

September 21, 2020. https://www.businesswire.com/news/home/20200921005255/en/Morgan-Stanley-
Announces-Commitment-to-Reach-Net-Zero-Financed-Emissions-by-2050 (accessed September 2020) 

46. Leakage is when any reduction in financed emissions by one bank is taken up by another bank with lower climate
standards, resulting in a lack of real-economy emissions reductions. 

47. “JPMorgan Chase Adopts Paris-Aligned Financing Commitment.” JPMorgan Chase & Co. October 6, 2020.
https://www.jpmorganchase.com/ir/news/2020/adopts-paris-aligned-financing-commitment (accessed
October 2020) 

48. Science Based Targets. https://sciencebasedtargets.org/ (accessed July 2020). 
49. Kishan, Saijel, Andre Tartar, and Dorothy Gambrell. “The Other Fossils in the Boardroom.” Bloomberg. June 3, 2020.

https://www.bloomberg.com/features/2020-big-banks-fossil-fuels-boardroom/ (accessed June 2020) 
50. Ramani, Veena. “SYSTEMS RULE: How Board Governance Can Drive Sustainability Performance.” Ceres. May 14, 

2018. https://www.ceres.org/resources/reports/systems-rule-how-board-governance-can-drive-sustainability-
performance (accessed June 2020) 

51. “Governance.” Ceres. https://www.ceres.org/our-work/governance (accessed June 2020) 
52. De la Boutetiere, Hortense, Julie Rose, and Bernadette Spinoy. “Transforming safety culture: Insights from the

trenches at a leading oil and gas company.” July 17, 2019. https://www.mckinsey.com/business-

https://carbonaccountingfinancials.com/financial-institutions-taking-action
https://thehill.com/policy/energy-environment/508117-morgan-stanley-commits-to-measuring-climate-change-impacts-of
https://thehill.com/policy/energy-environment/508117-morgan-stanley-commits-to-measuring-climate-change-impacts-of
https://newsroom.bankofamerica.com/press-releases/environment/bank-america-largest-us-financial-institution-join-partnership-carbon#:~:text=The%20Partnership%20for%20Carbon%20Accounting%20Financials%20(PCAF)%20announced%20today%20that,to%20participate%20in%20this%20collaboration
https://newsroom.bankofamerica.com/press-releases/environment/bank-america-largest-us-financial-institution-join-partnership-carbon#:~:text=The%20Partnership%20for%20Carbon%20Accounting%20Financials%20(PCAF)%20announced%20today%20that,to%20participate%20in%20this%20collaboration
https://newsroom.bankofamerica.com/press-releases/environment/bank-america-largest-us-financial-institution-join-partnership-carbon#:~:text=The%20Partnership%20for%20Carbon%20Accounting%20Financials%20(PCAF)%20announced%20today%20that,to%20participate%20in%20this%20collaboration
https://newsroom.bankofamerica.com/press-releases/environment/bank-america-largest-us-financial-institution-join-partnership-carbon#:~:text=The%20Partnership%20for%20Carbon%20Accounting%20Financials%20(PCAF)%20announced%20today%20that,to%20participate%20in%20this%20collaboration
https://www.citigroup.com/citi/news/2020/200729a.htm
https://ec.europa.eu/info/sites/info/files/business_economy_euro/banking_and_finance/documents/200309-sustainable-finance-teg-final-report-taxonomy_en.pdf
https://ec.europa.eu/info/sites/info/files/business_economy_euro/banking_and_finance/documents/200309-sustainable-finance-teg-final-report-taxonomy_en.pdf
https://2degrees-investing.org/resource/pacta/
https://2degrees-investing.org/resource/pacta/
https://papers.ssrn.com/sol3/cf_dev/AbsByAuth.cfm?per_id=3021888
https://ssrn.com/abstract=3289544
https://rmi.org/press-release/rocky-mountain-institute-launches-the-center-for-climate-aligned-finance/
https://www.wri.org/finance/banks-sustainable-finance-commitments/
https://www.sciencedirect.com/science/article/abs/pii/S0301421508007155
https://www.businesswire.com/news/home/20200921005255/en/Morgan-Stanley-Announces-Commitment-to-Reach-Net-Zero-Financed-Emissions-by-2050
https://www.businesswire.com/news/home/20200921005255/en/Morgan-Stanley-Announces-Commitment-to-Reach-Net-Zero-Financed-Emissions-by-2050
https://www.jpmorganchase.com/ir/news/2020/adopts-paris-aligned-financing-commitment
https://sciencebasedtargets.org/
https://www.bloomberg.com/features/2020-big-banks-fossil-fuels-boardroom/
https://www.ceres.org/resources/reports/systems-rule-how-board-governance-can-drive-sustainability-performance
https://www.ceres.org/resources/reports/systems-rule-how-board-governance-can-drive-sustainability-performance
https://www.ceres.org/our-work/governance
https://www.mckinsey.com/business-functions/organization/our-insights/transforming-safety-culture-insights-from-the-trenches-at-a-leading-oil-and-gas-company


FINANCING A NET-ZERO ECONOMY: MEASURING AND ADDRESSING CLIMATE RISK FOR BANKS 

69 | Ceres            ceres.org/bankrisk 

functions/organization/our-insights/transforming-safety-culture-insights-from-the-trenches-at-a-leading-oil-
and-gas-company# (accessed June 2020) 

53. “2019 Executive Compensation Overview.” ExxonMobil. https://corporate.exxonmobil.com/-
/media/Global/Files/investor-relations/annual-meeting-materials/executive-compensation-overviews/2019-
executive-compensation-overview.pdf (accessed July 2020) 

APPENDIX A: CLIMAFIN Methodology Details 
1. Battiston, Stefano, Antoine Mandel, and Irene Monasterolo. “CLIMAFIN handbook: pricing forward-looking climate

risks under uncertainty Part 1.” Social Science Research Network. November 8, 2019.
https://poseidon01.ssrn.com/delivery.php?ID=13512609008811801211108702908203110011604706508101109409812
4008099127067077093004112035055107107098031041021103067028068114016061036008039068115117099028101
099088120023083033073018106112031101009117113089109110097069023026121093108127030123079086014078&E
XT=pdf (accessed April 2020) 

2. “Global Warming of 1.5ºC.” Intergovernmental Panel on Climate Change. October 8, 2018.
https://www.ipcc.ch/sr15/ (accessed June 2020) 

3. Keynes, John Maynard. “A Treatise on Probability. The Collected Writings of John Maynard Keynes. Vol. VIII.”
London: Macmillan. 1973. (accessed June 2020) 

4. Knight, Frank H. “Risk, Uncertainty and Profit.” University of Illinois at Urbana-Champaign. 1921.
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=1496192 (accessed June 2020) 

5. Greenwald, Bruce C. and Joseph E. Stiglitz. “Externalities in Economies with Imperfect Information and Incomplete
Markets.” The Quarterly Journal of Economics Vol. 101, No. 2., pp 229-264. May, 1986.
https://www.jstor.org/stable/1891114?seq=1 (accessed June 2020) 

6. The VaR, despite being well known and used by investors, has two main limitations in this context. First, the VaR is
computed under an assumption of knowing how the loss will be distributed, and this leads to model risk. Second, 
the VaR depends linearly on the PD of underlying assets, thus implying that small errors have small
consequences. However, the PD of leveraged investors depends non-linearly with PD of underlying assets, thus 
implying small errors can have big consequences. But, importantly, the VaR does not consider leverage. This
means that to assess the financial risk implications of climate change, we need to go beyond the VaR and
consider interconnected financial actors, leverage financial agents with overlapping portfolios, i.e. the conditions 
for systemic risk in financial networks (Battiston et al. 2016). This is a main feature of CLIMAFIN, as well as the 
possibility to be applied to other risk metrics, such as the ES. This is the average of all the losses above the VaR
(i.e. of the largest losses), and gives us a measure of what we can expect in terms of losses from our portfolio. 

7. For asset valuation, less extreme assumptions about ambiguity-aversion can be considered. 
8. Battiston, Stefano, Antoine Mandel, Irene Monasterolo, Franziska Schütze, and Gabriele Visentin. “A climate

stress-test of the financial system.” Nature Climate Change. March 27, 2017.
https://www.nature.com/articles/nclimate3255 (accessed April 2020) 

APPENDIX B: Second-Round Losses 
1. Battiston, Stefano, Guido Caldarelli, Robert M. May, Tarik Roukny, and Joseph E. Stiglitz. “The price of complexity in

financial networks.” Proceedings of the National Academy of Sciences. July 6, 2016.
https://www.pnas.org/content/113/36/10031 (accessed June 2020) 

2. Kaufman, George G. and Kenneth E. Scott. “What is Systemic Risk, and Do Bank Regulators Retard or Contribute to 
It?” The Independent Review, Volume 7, Number 3, pp. 371-391, 2003. 
https://www.independent.org/pdf/tir/tir_07_3_scott.pdf (accessed April 2020). 

3. This likely is an upper-bound on the actual interbank leverage. An alternative is to estimate interbank leverage 
through exposure on the federal fund market. This yields estimates of interbank leverage that are much lower on 
 average and much more concentrated on a few large actors. Yet, structural changes in the federal fund market 
 since the financial crisis imply that it is less representative of interbank exposure than it used to be 
(see Afonso et al. 2019). 

4. Afonso, Gara, Roc Armenter, and Benjamin Lester. “A Model of the Federal Funds Market: Yesterday, Today, and
Tomorrow.” Federal Reserve Bank of New York. February 2018.
https://www.newyorkfed.org/research/staff_reports/sr840 (accessed April 2020) 

https://www.mckinsey.com/business-functions/organization/our-insights/transforming-safety-culture-insights-from-the-trenches-at-a-leading-oil-and-gas-company
https://www.mckinsey.com/business-functions/organization/our-insights/transforming-safety-culture-insights-from-the-trenches-at-a-leading-oil-and-gas-company
https://corporate.exxonmobil.com/-/media/Global/Files/investor-relations/annual-meeting-materials/executive-compensation-overviews/2019-executive-compensation-overview.pdf
https://corporate.exxonmobil.com/-/media/Global/Files/investor-relations/annual-meeting-materials/executive-compensation-overviews/2019-executive-compensation-overview.pdf
https://corporate.exxonmobil.com/-/media/Global/Files/investor-relations/annual-meeting-materials/executive-compensation-overviews/2019-executive-compensation-overview.pdf
https://poseidon01.ssrn.com/delivery.php?ID=135126090088118012111087029082031100116047065081011094098124008099127067077093004112035055107107098031041021103067028068114016061036008039068115117099028101099088120023083033073018106112031101009117113089109110097069023026121093108127030123079086014078&EXT=pdf
https://poseidon01.ssrn.com/delivery.php?ID=135126090088118012111087029082031100116047065081011094098124008099127067077093004112035055107107098031041021103067028068114016061036008039068115117099028101099088120023083033073018106112031101009117113089109110097069023026121093108127030123079086014078&EXT=pdf
https://poseidon01.ssrn.com/delivery.php?ID=135126090088118012111087029082031100116047065081011094098124008099127067077093004112035055107107098031041021103067028068114016061036008039068115117099028101099088120023083033073018106112031101009117113089109110097069023026121093108127030123079086014078&EXT=pdf
https://poseidon01.ssrn.com/delivery.php?ID=135126090088118012111087029082031100116047065081011094098124008099127067077093004112035055107107098031041021103067028068114016061036008039068115117099028101099088120023083033073018106112031101009117113089109110097069023026121093108127030123079086014078&EXT=pdf
https://www.ipcc.ch/sr15/
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=1496192
https://www.jstor.org/stable/1891114?seq=1
https://www.nature.com/articles/nclimate3255
https://www.pnas.org/content/113/36/10031
https://www.independent.org/pdf/tir/tir_07_3_scott.pdf
https://www.newyorkfed.org/research/staff_reports/sr840


FINANCING A NET-ZERO ECONOMY: MEASURING AND ADDRESSING CLIMATE RISK FOR BANKS 

70 | Ceres            ceres.org/bankrisk 

5. Battiston, Stefano, Antoine Mandel, Irene Monasterolo, Franziska Schütze, and Gabriele Visentin. “A climate
stress-test of the financial system.” Nature Climate Change. March 27, 2017. 
https://www.nature.com/articles/nclimate3255 (accessed April 2020) 

APPENDIX C: CPRS Classification System 
1. Battiston, Stefano, Antoine Mandel, Irene Monasterolo, Franziska Schütze, and Gabriele Visentin. “A climate

stress-test of the financial system.” Nature Climate Change. March 27, 2017. 
https://www.nature.com/articles/nclimate3255 (accessed April 2020) 

APPENDIX D: Case Study of Mexico 
1. Roncoroni, Alan, Stefano Battiston, Luis O. L. Escobar Farfan, and Serafin Martinez Jaramillo. “Climate Risk and 

Financial Stability in the Network of Banks and Investment Funds.” SSRN. 2019.
https://poseidon01.ssrn.com/delivery.php?ID=82010610102702710308006910112406512203708908904205302610
709812308107212706401701710806001605906304004711700211607701509210107200708204406408600400408501
5115069102092030015033096122069021083081118081029127074123069071124117124122105125081072110124123120&E
XT=pdf (accessed June 2020) 

2. Ibid. 
3. The scenario shown here is LIMITS-RefPol-500, estimated with the Integrated Assessment Model GCAM. 
4. Detailed specification of the model: policy scenarios BAU versus LIMITS-RefPol-500 under the model GCAM, 

interbank asset recovery rate R = 0.5, market volatility σ = 1.0, market liquidity α = ln 4/3. 
5. “LIMITS Work Package 1-2ºC scenario study protocal 2016.

https://tntcat.iiasa.ac.at/LIMITSDB/static/download/LIMITS_overview_SOM_Study_Protocol_Final.pdf
(accessed July 2020) 

6. Detailed specifications: trajectories based on the WITCH model, interbank recovery rate R close to R = 0.5 and 
market volatility σ = 0.9, market liquidity α = ln 4/3. Left: a milder policy scenario (StrPol-500) with lower recovery
rate R = 0.4 and higher market volatility σ = 0.8. Right: a stricter policy scenario (StrPol-450) with conservative
recovery rate R = 0.8 and lower market volatility σ = 0.4. In both scenarios, we have set market liquidity α= ln 4/3. 

7. “LIMITS Work Package 1-2ºC scenario study protocal 2016.
https://tntcat.iiasa.ac.at/LIMITSDB/static/download/LIMITS_overview_SOM_Study_Protocol_Final.pdf
(accessed July 2020) 

8. Ibid. 

APPENDIX E: 2 Degree Scenarios & Models Used 
1. Kriegler, Elmar, et al. “What Does the 2 Degree C Target Imply for a Global Climate Agreement in 2020? The LIMITS

Study on Durban Platform Scenarios.” Climate Change Economics, Vol. 4, No. 04, 1340008. 2013.
https://www.worldscientific.com/doi/abs/10.1142/S2010007813400083 (accessed April 2020) 

2. Paroussos, Leonidas, et al. “Climate clubs and the macro-economic benefits of international cooperation on
climate policy.” Nature Climate Change. June 17, 2019. https://www.nature.com/articles/s41558-019-0501-1 
(accessed April 2020) 

https://www.nature.com/articles/nclimate3255
https://www.nature.com/articles/nclimate3255
https://poseidon01.ssrn.com/delivery.php?ID=820106101027027103080069101124065122037089089042053026107098123081072127064017017108060016059063040047117002116077015092101072007082044064086004004085015115069102092030015033096122069021083081118081029127074123069071124117124122105125081072110124123120&EXT=pdf
https://poseidon01.ssrn.com/delivery.php?ID=820106101027027103080069101124065122037089089042053026107098123081072127064017017108060016059063040047117002116077015092101072007082044064086004004085015115069102092030015033096122069021083081118081029127074123069071124117124122105125081072110124123120&EXT=pdf
https://poseidon01.ssrn.com/delivery.php?ID=820106101027027103080069101124065122037089089042053026107098123081072127064017017108060016059063040047117002116077015092101072007082044064086004004085015115069102092030015033096122069021083081118081029127074123069071124117124122105125081072110124123120&EXT=pdf
https://poseidon01.ssrn.com/delivery.php?ID=820106101027027103080069101124065122037089089042053026107098123081072127064017017108060016059063040047117002116077015092101072007082044064086004004085015115069102092030015033096122069021083081118081029127074123069071124117124122105125081072110124123120&EXT=pdf
https://tntcat.iiasa.ac.at/LIMITSDB/static/download/LIMITS_overview_SOM_Study_Protocol_Final.pdf
https://tntcat.iiasa.ac.at/LIMITSDB/static/download/LIMITS_overview_SOM_Study_Protocol_Final.pdf
https://www.worldscientific.com/doi/abs/10.1142/S2010007813400083
https://www.nature.com/articles/s41558-019-0501-1

	Bank Report Oct 16 FINAL ne
	Banking Report Endnotes Oct 16

