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Disclaimer

This report was commissioned by the United Nations Environment Programme Finance
Initiative (UNEP FI). UNEP FI shall not have any liability to any third party in respect of
this report or any actions taken, or decisions made as a consequence of the results,
advice, or recommendations set forth herein. This report does not represent investment
advice or provide an opinion regarding the transaction’s fairness to any parties. The
views expressed herein are valid only for the purpose stated herein and as of the date
hereof. Information furnished by others, upon which all or portions of this report are
based, is believed to be reliable but has yet to be verified. No warranty is given as to the
accuracy of such information. Public information and industry and statistical data are
from sources UNEP Fl deems reliable; however, UNEP FI makes no representation of
the accuracy or completeness of such information and has accepted the information
without further verification. No responsibility is taken for changes in market conditions,
laws, or regulations, and no obligation is assumed to revise this report to reflect changes,
events, or states which occur after the date hereof. This document may contain predic-
tions, forecasts, or hypothetical outcomes based on current data, historical trends, and
hypothetical scenarios. Any such predictions, forecasts, or hypothetical outcomes are
subject to inherent risks and uncertainties. Actual results could be impacted by future
events which cannot be predicted or controlled, including, without limitation, changes
in business strategies, the development of future products and services, changes in
market and industry conditions, the outcome of contingencies, changes in management,
changes in law or regulations, as well as other external factors outside of our control.
UNEP Fl accepts no responsibility for actual results or future events. UNEP FI shall have
no responsibility for any modifications to, or derivative works based upon, the meth-
odology made by any third party. This publication may be reproduced in whole or in
part for educational or non-profit purposes, provided acknowledgment of the source is
made. The designations employed and the presentation of the material in this publica-
tion do not imply the expression of any opinion whatsoever on the part of UN Environ-
ment Programme concerning the legal status of any country, territory, city, or area or of
its authorities or concerning the delimitation of its frontiers or boundaries. Moreover,
the views expressed do not necessarily represent the decision or the stated policy of
the UN Environment Programme, nor does citing trade names or commercial processes
constitute an endorsement.
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Executive summary

The past few years have demonstrated a remarkable level of volatility. Efforts to estab-
lish a “new normal” after the COVID-19 pandemic were interrupted by the Russian
invasion of Ukraine, and a wave of food and energy crisis. Central bankers have contin-
ued to raise interest rates to tame inflation, ending the “lower for longer” regime that
has persisted since the Global Financial Crisis. Amid these changes, societies must
contend with the worsening effects of human-caused climate change and the critical
economic transition to a net-zero emissions future. The impacts of climate change and
the necessary transition will impact almost every human and natural system. Success-
ful companies and communities will be ones that are resilient in the face of these
challenges.

Developing climate resilience and contributing to a sustainable future requires action
today. Organisations that recognize this are seeking to better understand their climate
risks and opportunities and the strategies they should pursue. Climate risk tools can
assist in the decision-making process and by validating climate strategies and uncov-
ering new insights about climate risk. The pace of development and deployment of
climate risk tools within the financial sector has been breath-taking.

UNEP FlI's 2023 Climate Risk Landscape report aims to assist financial actors in better
understanding this diverse and dynamic landscape of climate risk tools. The report
explores the major market trends in both physical risk and transition risk tools and
provides detailed analysis on dozens of individual tools. Some of the key findings
found within the report are as follows:

Greater integration of different climate risks within tools—tool providers have recog-
nised the need for financial institutions to understand the full range of climate risks
faced by a counterparty of portfolio. This has led to the expansion of integrated phys-
ical and transition risk tools as well as additional coverage of specific hazards within
physical and transition risk assessments. This work is still ongoing and many risk inter-
action effects and tipping points are not typically captured.

Focus on net-zero commitments within tools—as countries and companies around the
world set ambitious targets for reducing greenhouse gas emissions, climate risk tools
are being developed to help them set targets, assess their alignment, and implement
their net-zero strategy. That has included the incorporation of a greater range of net-zero
scenarios within tools as well as greater granularity for sectoral decarbonisation pathways.

Rising regulatory demands are accelerating tool use and functionality—mandates for
climate-related financial disclosures have come into effect in jurisdictions across the
world. Regulatory climate scenario exercises and climate stress tests are becoming
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more common as well. This regulatory pressure has both expanded the demand for
climate risk tools and also resulted in a growing suite of purpose-built tools, designed
to address climate disclosures and scenario exercises.

New data and new insights are top priorities for financial institutions—many institu-
tions involved in UNEP Fl's working group on climate risk tools expressed a desire for
tools to continue to progress on addressing data gaps and offering decision-useful
information. As climate tools become more central to financial analysis, institutions
appear excited to explore leading-edge data and decisioning techniques such as those
offered by geospatial data and machine learning algorithms.

These trends and many others are explored in greater depth throughout the report. The
report is structured into the sections noted below.

Section 1:
Industry Regulatory Developments

Section 2:
An overview of updates to the market for climate risk assessment tools

Section 3:
Overview of transition risk approaches (contains the detailed table on
transition risk tools)

' Section 4:
Overview of physical risk approaches (contains the detailed table on
physical risk tools)

Section 5:
~ Ways in which institutions can use climate tools

Section 6:
A roadmap for financial institutions to choose a risk assessment tool
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Introduction

As the importance of integrating climate change-related risks into economic projections
is being realised, many financial institutions (Fls) have been looking for effective ways
to understand and quantify the financial risks from climate change in order to form an
appropriate response. These risks are divided into two categories: physical and transition
risks. Physical risks refer to risks resulting from environmental events such as floods,
wildfires, and landslides, among many others. In contrast, transition risks are associ-
ated with policies, technologies, laws and similar actions designed to shift the economy
toward lower fossil-fuel consumption (FSOC, 2021). Fls also should take further steps
to consider a third category of risks—namely, those related to legal liability (i.e. litigation).
Litigation risks can include people and businesses seeking compensation for losses
associated with physical or transition risks, or legal challenges that require a certain
course of action (PRA 2021). Although physical and transition risks exist in their own
categories, climate-related litigation can exacerbate these risks (NGFS, 2021). These
different climate-related risks are screened and assessed using risk assessment tools
that utilise existing data and projecting methodologies provided by different vendors.
Due to the expanding market for climate risk assessment tools, Fls can choose from
a variety of vendors and their respective climate risk tools. In that context, there is a
growing commitment to the Paris Agreement to keep global warming below 2°C so as
to achieve a net-zero state by 2050 (United Nations, 2015). In response to this challenge,
climate risk tools play a crucial role in identifying and measuring hotspots of greenhouse
gas (GHG) emissions in portfolios. In this way, they contribute to managing net carbon
emissions and bringing them to net zero by 2050.

Since the Financial Stability Board (FSB)'s TCFD recommendations in 2017, UNEP Fl has
conducted a series of piloting exercises. It has also developed publications to include
physical and transition risk assessment tools. FIs have deployed these to understand
the potential impact of climate change in their respective fields. The start of the piloting
series, known as Phase | of the TCFD Banking Program, collaborated with Oliver Wyman
and Acclimatise to develop an approach for evaluating corporate lending portfolio expo-
sure to transition and physical risks under different climate scenarios (UNEP FI, 2018).
In 2019, UNEP FI designed Phase Il of the UNEP FI TCFD Banking Program to help Fls
expand their toolkit for climate risk assessment and disclosure, exploring climate scenar-
ios, data and methodologies, and reporting and governance issues (UNEP FI, 2020).

Following the finalisation of Phase Il, UNEP FI has continued to contribute to the climate
risk assessment universe through in-depth research and publications. The UNEP Fl's
‘The Climate Risk Landscape’ report, hereby referred to as the 2027 Landscape Report,
aims to inform financial institution members about the similarities and distinctions
among current climate risk assessment tools. It elaborates on the types of climate-re-
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https://home.treasury.gov/system/files/261/FSOC-Climate-Report.pdf
https://www.bankofengland.co.uk/-/media/boe/files/prudential-regulation/publication/2021/october/climate-change-adaptation-report-2021.pdf?la=en&hash=FF4A0C618471462E10BC704D4AA58727EC8F8720
https://www.ngfs.net/sites/default/files/medias/documents/climate_related_litigation.pdf
https://www.un.org/en/climatechange/paris-agreement
https://www.unepfi.org/wordpress/wp-content/uploads/2018/04/EXTENDING-OUR-HORIZONS.pdf
https://www.unepfi.org/wordpress/wp-content/uploads/2020/10/Beyond-the-Horizon.pdf
https://www.unepfi.org/wordpress/wp-content/uploads/2021/02/UNEP-FI-The-Climate-Risk-Landscape.pdf

lated risk evaluated by these tools, their analysis level, and their focus sectors. Fls can
choose from the vast number of climate risk tools and can work with a vendor that
caters to their investment and environmental goals. An overview of current trends
and challenges in the climate risk tools market coupled with an understanding of the
methodology and assumptions of these tools, helps FIs make an informed start in
their search for specific vendors. Following the first landscape report, the case stud-
ies presented in UNEP Fl's 2022 The Climate Risk Landscape: Tool Supplement, hereby
referred to as the Tool Supplement, incorporate the perspectives of Fls working with
different tool providers. This programme allowed participating Fls to gain insights into
how different vendors accomplish climate risk assessments. In return, vendors received
recommendations on improving their methodologies and user access.

Stemming from the physical and transition risk outlines summarised in the 2027 Land-
scape Report and Tool Supplement publications, this report first covers the develop-
ments from the two most recent annual Conference of the Parties (COP) meetings
and relevant regulatory updates that followed in the past year. It moves on to discuss
the advancements in different climate risk assessment tools, their methodologies and
scenario usage, general trends and challenges observed in the market, use cases, and a
roadmap to help Fls choose and utilise commercially available tools in this market. This
paper aims to provide insights into the differences between vendors regarding how their
climate risk tools process input data and how Fls can interpret the given output assess-
ments into their sustainability goals. The information included in this paper can guide
organisations searching for specific climate solutions that align with their global and
institutional climate-related commitments. The continuation of this research programme
also seeks to provide transparency on the providers’ offerings so that organisations can
foster a collaboration that is beneficial to them.

Important to note for this report and beyond is that the world is currently experiencing a
climate crisis, with rising global temperatures and increasingly extreme weather events
such as heatwaves, droughts, and floods. To mention a few examples, 2022 brought
devastating floods in Pakistan, scorching heatwaves in Europe, and tragic wildfires in
Australia and California. The evidence of this crisis is undeniable, and immediate action
is needed to address the causes of climate change and mitigate its effects on commu-
nities and ecosystems. The climate crisis is not a future event—it is happening now.
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Looking back, COP26 launched a wave of private-sector commitments to battle climate
change. These gathered momentum in 2022 and have continued up to the writing of this
report. At COP26 in 2021, a coalition of over 450 Fls controlling over USS130 trillion in
assets came together to form the Global Financial Alliance for Net Zero (GFANZ). Collec-
tively this group committed to pursue an economy-wide transition to net-zero emissions.
GFANZ is the world's largest partnership of Fls, comprising of seven net-zero alliances.
It supports the members of these alliances with tools and frameworks in order to assist
them in realising their net-zero commitments. GFANZ's efforts centre on a small number
of specific focus areas. One of these is the provision of guidance to FlIs regarding the
adoption and implementation of effective transition plans. It defines such plans as “a
set of goals, actions, and accountability mechanisms to align an organisation’s business
activities with a pathway to net zero. This should be consistent with achieving net zero
by 2050 at the latest” (GFANZ, 2022).

Throughout 2022, GFANZ has published numerous supplemental guidance documents
to assist FIs in their transition planning. In particular, this information is assisting firms to
develop credible net-zero transition plans. Other outputs include assistance in determin-
ing the impacts of a net-zero world on the real economy and in developing metrics for
the alignment of Fls’ portfolios with net zero. In addition, the documentation contributes
to a fuller understanding of the phaseout of financing and operations of high-emitting
assets. This alliance has enabled net-zero commitments to become mainstream in the
financial sector, with over 550 financial firms as signatories. Another encouraging fact
is that members of the alliances under GFANZ—specifically, participants in the Net-Zero
Banking Alliance (NZBA)—have committed to using science-based targets of 1.5°C
scenarios. In GFANZ's words, these targets form the “backbone of transition plans and
the bedrock of a 1.5-aligned economy” (GFANZ, 2022).

As net zero goes mainstream within the financial sector, climate finance is being increas-
ingly recognised for its critical role in supporting the actions needed to combat climate
change. To fill financing gaps under the Paris Agreement for both mitigation and adapta-
tion, developed countries need to provide at least USS100 billion a year in climate capital.
For their part, developing countries are facing adaptation costs of up to USS$S340 billion
per year by 2030, increasing to USS565 billion per year by 2050. This is in addition to
mitigation costs of up to USS850 billion per year by 2030 (IFAD, 2022). The global gap
is large and continues to widen. The pressing need to scale up commitments around
climate finance has become one of the reasons why climate risk assessment tools
related to opportunity and transition readiness are crucial for Fls.

Alongside financial commitments, the need exists for agreement on investment criteria
and proper risk management aligned with a low-carbon economy. New regulations have
rapidly evolved in recent years. Notably, the European Union Taxonomy Regulation (EU
Taxonomy) came into force in July 2020. This set six environmental objectives; climate
change mitigation, climate change adaptation, the sustainable use and protection of
water and marine resources, the transition to a circular economy, pollution prevention
and control, and the protection and restoration of biodiversity and ecosystems. The EU
taxonomy provided a classification system and set out the world’s first ‘green list’ of
sustainable business activities (PwC, 2021). This regulation also placed new taxono-
my-linked disclosure obligations on companies and financial market participants by
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https://assets.bbhub.io/company/sites/63/2022/09/Recommendations-and-Guidance-on-Financial-Institution-Net-zero-Transition-Plans-November-2022.pdf
https://www.gfanzero.com/our-work/financial-institution-net-zero-transition-plans/
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https://www.ifad.org/en/web/latest/-/why-climate-finance-matters-your-questions-answered
https://finance.ec.europa.eu/sustainable-finance/tools-and-standards/eu-taxonomy-sustainable-activities_en
https://finance.ec.europa.eu/sustainable-finance/tools-and-standards/eu-taxonomy-sustainable-activities_en
https://www.pwc.be/en/challenges/sustainability/sustainability-assurance-and-reporting/eu-taxonomy-regulation-and-disclosure.html

amending disclosure requirements in the EU’s Non-Financial Reporting Directive (NFRD)
and the Sustainable Finance Disclosure Regulation (SFDR) (ESG Enterprise, 2021). These
actions have enhanced transparency on businesses’ social and environmental impact,
while also elevating pressure on financial organisations to obtain a complete overview
of their climate-related exposures. These rules came into effect in 2022.

At COP26, the International Financial Reporting Standards (IFRS) Foundation announced
the creation of the International Sustainability Standards Board (ISSB). The board aims
to provide a global baseline for sustainable disclosures that outline the climate-related
risks and opportunities that are most relevant to investors and the capital markets (IFRS,
2022). The ISSB standards will attempt to converge global standards and build upon
existing voluntary standards such as the TCFD, the Value Reporting Foundation (VRF)'s
Integrated Reporting (IR) Framework, the Sustainability Accounting Standards Board
(SASB) standards, the Climate Disclosure Standards Board (CDSB) Framework, and
the World Economic Forum (WEF)'s Stakeholder Capitalism Metrics. Though the ISSB’s
proposed measures are not currently mandated, the G7 Finance Ministers and Central
Bank Governors have recently reaffirmed their commitment to move towards mandatory
climate-related financial disclosures. Thus, they have welcomed ISSB to work on definite
global baselines to mobilise sustainable finance (IFRS, 2022). As mandates for public
disclosures of climate-related risks unfold in various jurisdictions, so will the need for Fls
to conduct rigorous evaluations of how their assets contribute to climate change as well
as their exposure to its impacts.

Central bank climate stress testing has expanded as a risk management practice in the
financial sector. The European Central Bank (ECB) and Bank of England both carried out
such tests in 2022, for instance, with the US Federal Reserve (Fed) planning to follow suit
with a climate scenario exercise in 2023. In the case of the ECB, European banks were
assessed for the robustness of their current stress testing frameworks. Attention was
also given to their capacity to produce climate risk factors and stress test projections,
along with transition risks and acute physical risk events. A core part of stress testing
exercises carried out by central banks is climate scenario analysis. This provides insights
into the risks and opportunities that may impact a firm, its clients, and its market in a
changing world. To date, central banks and financial regulators from 31 nations have
employed climate scenario analysis as a means of assessing the impact of climate risks
on the financial system and the overall economy, according to the Scenarios in Action
report published by the Network for Greening the Financial System (NGFS) (NGFS, 2021).
Scenario analysis has increased the need for institutions to improve their quantitative
capabilities with respect to the carrying out of climate assessments. This is because
such assessments are seen as critical not just for stress testing but also for official
disclosures and for internal strategy. Consequently, the market expects growing demands
from Fls for assessment tools that provide more accurate and quantitative data.
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A summary of the most recent developments in the climate risk tool landscape.

1.  Growing integration of different climate risks within tools
Updated scenarios and a growing focus on net-zero commitments

2.
3. Improved data availability and transparency regarding tool methodologies
4. Development of user-friendly and purpose-built tools to meet disclosure needs

2.1 Growing integration of different climate risks
within tools

Since the 20271 Landscape Report and the Tool Supplement, numerous developments
and trends have emerged in the tool market. Firstly, tool providers faced rising demand
to offer integrated solutions. Past landscape reports by UNEP Fl into risk assessment
tools revealed that most tools covered either physical or transition risk. However, feed-
back during our recent piloting exercise demonstrated a growing desire among banks
to see physical and transition risks covered in the same platform as an integrated solu-
tion. Recently, the tool provider industry has witnessed considerable consolidation and
mergers. This has resulted in a concentration of providers among both established firms
and newly merged providers. This trend has also spread to the business consulting and
accounting sectors. This process of consolidation allows vendors to better meet banks'’
needs and to improve their capabilities. Joining their expertise around modelling, scenar-
ios, and data, for instance, enables providers to offer a more enhanced approach to
assessing climate risk.

Increase in partnerships and acquisitions

The Tool Supplement highlighted the partnership between Oliver Wyman and S&P Global
to create Climate Credit Analytics. The tool presently focuses on transition risks, but the
providers indicate plans to expand coverage to physical risks in the near future. Addition-
ally, S&P Global acquired The Climate Service (TCS) and its integrated risk Climanomics
platform in January 2022. The risk tool market landscape also features some new part-
nerships. In June 2021, for instance, US-based investment management firm BlackRock
acquired Baringa's Climate Change Scenario Model and announced a long-term partner-
ship focused on innovation and ongoing co-development of transition risk models. Black-
Rock has also established a partnership with Rhodium Group on the physical risk side.
This has seen it acquire additional models. Other recent acquisitions include Moody's
Analytics’ purchase of RMS, Four Twenty Seven, and Vigeo Eiris, and McKinsey's move to
buy Planetrics and Vivid Economics. WTW acquired the physical risk consultancy Accli-
matise and Climate Policy Initiative Energy Finance in 2021 and the Butterwire research
platform in 2022. In July 2022, Intercontinental Exchange (ICE) announced the acquisi-
tion of Urgentem. ICE has incorporated its existing physical climate risk solutions with
Urgentem’s emissions database and transition risk analytics in order to provide a full
suite of sustainable finance services (Basar, 2022). Further, Quantis joined the Boston
Consulting Group to accelerate sustainable transformation. Most recently, in Novem-
ber 2022, McKinsey Sustainability and Moody’s Analytics announced their intention
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to join forces. This collaboration will bring together complementary strengths of both
companies: on the one hand, Moody'’s brings its deep physical climate risk and credit risk
modelling capabilities; on the other, McKinsey Sustainability offers its extensive exper-
tise in modelling transition and physical risk, as well as in advising Fls on integrating
climate risk into business processes and reducing financed emissions (McKinsey, 2022).
Individual tools have also evolved their risk methodologies to take on a more integrated
approach. PwC's Climate Excellence tool was previously listed as only assessing transi-
tion risks, but, as of mid-2021, it also offers coverage of acute and chronic physical risks.

Improved coverage of climate risks

Climate risks include both physical and transition risks that come from disruptive events.
Physical hazards such as heat waves, floods, and wildfires, are events or conditions that
have the potential to cause harm to people or the environment. At the same time, transi-
tion risks focus on the financial, economic, and social risks related to large carbon emis-
sion reductions and decarbonisation. The world is witnessing an increase in migration
as individuals seek to relocate in hopes of escaping poverty, disease, and malnutrition
resulting from changing ecosystems. More services offering comprehensive physical
hazards and transition risks are now entering the market. Munich Re, for example, has
a Location Risk Intelligence tool that now includes a natural hazard edition covering 18
physical hazards. Meanwhile, XDI complements its asset specific analysis with addi-
tional measures of contextual risk, including first mile risk’, regional economic risk’, and
proxies for ‘sector-based supply chain risk. Another example of improvement is in the
coverage of Scope 3 emissions. Providers such as ICE, ISS ESG, and S&P/TCS are now
offering more granularity in this regard. As a consequence of the market integration
seen in recent years, more second-order effects of climate impacts are now also getting
addressed. The overall effect is to shed more light on the consequences of climate
change. Interestingly, the causative factors now being identified and mapped by provid-
ers are shown to be broader than previously might have been expected.
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2.2 Updated scenarios and a growing focus on
net-zero commitments in many tools

The mainstreaming of net zero

The rapid activity witnessed in the private sector reflects the urgency to push for an
immediate and all-encompassing transition towards decarbonisation. The international
scientific community agrees that the global average temperature must be kept below
1.5°C above pre-industrial levels in order to avoid the worst possible climate outcomes
and the crossing of tipping points. In recent years, a global consensus on the need to
limit warming to 1.5°C and reach net-zero CO, emissions by 2050 has taken place. This
has been heavily influenced by the Intergovernmental Panel on Climate Change (IPCC)’s
Special Report on Global Warming of 1.5°C report, which showed that the harmful
effects of 2°C of warming were much more significant than those of 1.5°C. Increasingly,
governments are either proposing firm net-zero goals or considering doing so. At pres-
ent, over 91% of global GDP (representing 83% of global GHG emissions) is captured
by government net-zero targets (Net Zero Tracker, 2022). Private-sector actors have
also made commitments to decarbonise and are devoting resources to setting specific
targets and beginning their journeys to net zero.

This growing focus on net zero has required tool providers to ensure that they include
1.5°C pathways in their offerings. Firms that have made net-zero commitments are look-
ing to set their targets using clear pathways to 1.5°C with the assistance of alignment
tools. Supervisors have shown increasing interest in 1.5°C scenarios as the goal of net
zero emerges as a firm aspiration and a mainstream governmental policy. As a result,
new 1.5°C transition pathways developed by organisations like the NGFS and Interna-
tional Energy Agency (IEA) are now integrated into many tools. Providers like Moody’s
Analytics, ICE, CLIMAFIN, Oliver Wyman/S&P Global, BlackRock’s Aladdin Climate, and
Ortec Finance already offer Net Zero 2050 scenarios on their tools. The MSCI organisa-
tion added the NGFS scenarios in early 2022 and supplementary IPCC scenarios for the
physical risk assessment towards the end of the same year. In the near future, ISS ESG
is also expected to incorporate the NGFS scenarios into its climate risk evaluation tools.
Similarly, WTW's methodology includes orderly transition to 1.5°C among nine scenarios.
For its part, Planetrics provides an assessment underneath orderly transition scenarios,
including net-zero 2050 and below 2°C. In addition, it incorporates disorderly scenarios
for Divergent Net Zero and Delayed Transition, with a policy ambition of 1.4-1.6°C as
well as the Inevitable Policy Response’s (IPR) Forecast Policy Scenario (FPS) and 1.5°C
Required Policy Scenario (RPS). Such moves are evident among organisations outside
this year's working group. The Cambridge Institute for Sustainable Leadership (CISL)
provides a case in point. In its publication Targeting Net Zero, CISL has included the
ClimateWise physical risk framework within its overarching Net-Zero Framework for Fls.
A net-zero framework explains the details of a financial institution’s strategic response
to net zero through business models.
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Updated scenarios

In addition to the growing focus on 1.5°C, scenarios have been updated more broadly,
providing greater detail into sector behaviour under various decarbonisation scenarios.
The IPCC provided an updated set of scenarios for tool providers to draw on. These
scenarios reflect newer assumptions about elements such as renewables, government
policies, and the latest carbon budget in the Working Group Il (WGIII) contribution to
the Sixth Assessment Report (AR6) report (IPCC, 2022). The final synthesis report is
expected to be published in 2023 (IPCC, 2022). The IEA has updated its Net-zero Emis-
sions by 2050 Scenario (NZE), offering a comprehensive account of how policymak-
ers and others could respond coherently to the challenges of climate change, energy
affordability, and energy security (IEA, 2022). This follows the IEA's 2021 Net Zero by
2050 roadmap for the global energy sector to achieve net zero. In this publication, the
IEA explored the implications of the NZE for the economy, the energy industry, citizens,
and governments.

In September 2022, the NGFS published its third set of climate scenarios, which incor-
porated countries’ commitments to reach net-zero emissions, increased sectoral gran-
ularity, and improved representation of physical risk (Mazars, 2022). The Principles for
Responsible Investment’s (PRI) Inevitable Policy Response (IPR) scenarios reflect likely
policy developments based on a granular assessment of government commitments and
policies currently under consideration (PRI, 2023). At the same time, industry experts
are exploring the decarbonisation pathways for individual sectors. The publication of
an academic article in the journal, Nature Climate Change, about reducing carbon in
the US residential sector is one illustrative example of a wider trend. Tool providers are
now integrating the latest transition scenario and assumption updates into their tools
to reflect the speed at which society is acting and the economy is shifting. Moody's
Analytics now has the capability to include additional macroeconomic variables to NGFS,
for instance, showing the relationship between the predefined NGFS assumptions and
the overall economy. BlackRock, MSCI, ICE, Planetrics, Oliver Wyman/S&P Global, and
PwC are examples of some providers that are using the latest NGFS scenarios, and we
anticipate that more will do so in the future.
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Table 1: Updates to the most commonly used major models: IPCC, IEA, and NGFS, as of
December 2022

Model

General Updates

Scenario Specific Updates

Provides key insights into how responses
to the current global energy crisis sparked
by Russia’s invasion of Ukraine ties into
its future scenario assumptions.
Government policy responses are putting
a clean energy economy and a fossil-fuel
peak into view in their updated model
assumptions.

Stated pledges will help in the climate
fight but there is still a gap between
current ambitions and a 1.5°C future.
1.5°C achievement will ultimately come
down to the speed and total investment in
an economy built on clean and affordable
energy, enabled by effective policymaking
and incentives.

IPCC Working Group Il contribution to AR6: = lllustrative Mitigation Pathways (IMP): Show
« Alignment to 1.5°C scenarios is still mitigation strategies to achieve rapid decarbonisa-
possible but will require rapid and deep tion, focusing on renewables, achieving negative
decarbonisation in all sectors. Renew- GHG emissions, low energy demand, shifting
ables or fossil fuels with carbon capture development pathways, and gradual strengthening
and storage (CCS) will help achieve the of near-term mitigation actions. These IMPs are
necessary emissions reductions. associated with below 2°C and 1.5°C scenarios,
« Carbon dioxide removal (CDR) technology and some are classified alongside SSP1-1.9.
will balance residual GHG emissions. = SSP2-4.5: Global consumption-based carbon
« An expansion of policies and laws dioxide (CO,) and CH, emissions in urban areas are
addressing mitigation have avoided expected to increase from 29 to 34 Gt in 2050.
excess emissions, but progress is uneven. | * SSP3-7.0: Global consumption-based CO, and CH,
« Paris-Aligned financial flows are lagging. emissions in urban areas increase up to 40 Gt. This
« The GHG emissions drivers of the Shared pathway assumes slow technological change, high
Socioeconomic Pathway (SSP) scenarios population growth, and high fragmentation, which
are global population growth of 8.5-9.7 could mean that warming pathways of 2°C or less
billion people by 2050 and GDP increases may not prove feasible (medium confidence).
of 2.7-4.1% per year from 2015-2050. = SSP5-8.5: This pathway would assume a reversal
of current technology and/or mitigation policy
trends (medium confidence).
IEA 2022 World Energy Outlook (WEO): = STEPS—Stated Policies Scenario: Energy-related

CO, emissions plateau and fall around 2050, lead-
ing to arise of 2.5°C in global average temperature
by 2100. Global energy demand growth of around
1% per year by 2030 is met almost entirely by
renewables. It projects a global peak demand for
fossil fuels such as coal in the coming years, natu-
ral gas flattening by 2030, and oil in the mid-2030s.
NZE2050—Net-zero Emissions by 2050: CO, emis-
sions fall to 23 Gigatonnes (Gt) by 2030 and to zero
by 2050. There is a 50% increase of global energy
demand by 2050, mostly coming from emerging
economies. Getting to net zero requires a tripling
of spending on clean energy and infrastructure by
2030. Achieving the NZE pathway is narrow but
achievable with the necessary policy and technol-
ogy advances.

APS—Announced Pledges Scenario: Fossil-fuel
demand is put into decline by 2030. GHG emis-
sions peak in the mid-2020s and fall to 12 Gt in
2050, which is associated with a temperature
increase of 1.7°C by 2100. Increases in global
clean energy manufacturing are a driving factor for
rapid deployment of clean technology.
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Updated NGFS Scenarios for central banks

and supervisors:

Includes country-level commitments to
net zero at COP26 until March 2022.
Incorporates the most updated trends

in solar, wind, and other key mitigation
technologies.

GDP and population data assumption
updates from the IMF World Economic
Outlook 2021.

Short and long-term effects from the war
in Ukraine are excluded.

Contains a more detailed representation
of physical risk, including acute risks.
Transition risks are represented with
increased granularity in the transportation
and industrial sectors.

C

Current Policies Scenario: GDP losses up to 2100
are the highest in physical risk scenarios (up to
20% relative to prior trend). Limited transition risk
is reflected by low impact to macroeconomic vari-
ables such as unemployment and inflation.
Disorderly Scenarios: GDP losses from transition
risks are highest, due to a combination of transition
speed and investment uncertainty. Policy uncer-
tainties could lead to higher investment premiums
in the short term (i.e. two years); these level off
thereafter.

Net-zero 2050: Moderately negative GDP losses,
with a balance of costs from carbon prices and
overall energy costs, with recycling of carbon
revenues into policy investments and employment
taxes.

4405
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Additional time horizons

Short-term horizons

Along with updating the number and range of scenarios offered, tool providers are
extending their time horizons. Tool providers started to include short-term time horizons
on their platforms as analysts need to consider the effects of current climate shocks on
their assets, such as the 2020 Australian wildfires and recent catastrophic flooding in
California in Pakistan, as well as the drastic temperature rises across Europe in Summer
2022 (the hottest on record). The low-carbon transition also needs to happen quickly
and in an orderly fashion in the short term. Further, the short-term transition targets
are essential features of transition plans. Hence, it is crucial for investors to under-
stand how—Dbased on long-term scenarios with short-term interim steps—the targets
of corporates align with the speed and scale of interim measures required to achieve
them. Entelligent’s transition risk (T-risk) scoring measures the short-term (two-year)
price movements of corporate equities and fixed income of client portfolios. The scor-
ing system is updated on a quarterly basis. On the physical risk side, Munich Re has a
feature to track the financial impacts of climate events such as hurricanes in real-time.
This live analysis is available through its location risk intelligence feature.

These tools can also help identify potential climate-related risks. That said, they cannot
always capture the very short time horizon of some specific extreme weather events
and other hard-to-predict hazards. In addition, providers also started to project transi-
tion risks in the medium and long term to align for an orderly transition. The Climate
Credit Analytics tool offered by Oliver Wyman/S&P Global provides an extreme short-
term scenario featuring a three-year carbon tax. Planetrics provides in-year impacts and
can support on-custom, short-term scenario development.

In sum, it is important to note that no climate model can predict certain incidents with
100% accuracy or highlight specific weather events with the same accuracy as real-
time weather forecasts. What climate models offer is a probability range. They can also
project changes in the frequency and intensity of extreme weather events. In this way,
they help in the identification of areas at increased risk of hazards. Other tools can also
be used to predict specific weather events. An example is numerical weather prediction,
which may have higher resolution and which can provide more accurate forecasts in the
near term.

Long-term horizons

It is essential to measure both physical and transition risks in the long term because of
the dynamics of climate change and decision-making. The current policies regarding
carbon pricing, abatement technology developments, and net-zero commitments pave
the way towards a future that is path-dependent on present developments. Therefore,
tool providers need to offer long-term time horizons so that banks can see what their
future assets could look like based on policy and financial decisions taken today. MSCI,
CLIMAFIN, BlackRock's Aladdin Climate, JBA, Munich Re, XDI, Moody’'s Analytics, South
Pole, ISS ESG, The Climate Service/ S&P Global, ICE, and Ortec Finance all provide time
horizons extending until 2100, while McKinsey's Planetrics can conduct long-term anal-
ysis outside of its platform.
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2.3 Improved data availability and transparency
regarding tool methodologies

Faced with more pressure from Fls, regulators, non-governmental organisations (NGOs),
and corporates from the real economy, the tool providers are improving and refining their
methodologies and approaches. WTW, for instance, has applied an innovative approach
to expand coverage, combining natural language processing (NLP) with financial data-
based machine learning to analyse public, private, and fixed-income products.

Method transparency

There are certain challenges and limitations that these tools might never be able to over-
come because of the uncertainty of climate change or because of the limitations of
modelling and data. Despite these constraints, providers can enhance representations of
uncertainty through qualitative methods or through the implementation of shock scenar-
ios. Furthermore, the execution of multiple scenario analyses and sensitivity analyses
within individual scenarios (i.e. Monte Carlo simulations) can provide a comprehen-
sive understanding of the sensitivity of results to assumptions and parameters, shed-
ding light on known unknowns. Additionally, it is crucial for providers to communicate
openly and honestly about the limitations of their analysis and the potential presence of
unknown unknowns.

Climate change does not necessarily follow a linear trajectory. Furthermore, its shocks
do not follow a normal distribution, with tail-end catastrophes and tipping points as
real possibilities (Battiston et al., 2017). Climate analytics company CLIMAFIN has been
upfront and transparent about general climate uncertainty in the Integrated Assess-
ment Modelling (IAM) and emphasised the additional uncertainties of model choice
and policymaker unpredictability. They also pointed out that the metrics banks used to
make decisions or to report financial disclosures are entirely dependent on the chosen
scenarios and a model's underlying economic assumptions, such as the utility curve, the
expected rate of future production, and the estimated social cost of carbon. Addition-
ally, Planetrics provides multiple sensitivity analyses to test uncertainty. It also offers
transparent documentation to ensure the validity of its model. Even if the modellers of
the tools could accurately predict the costs and benefits of a particular pathway, the
realisation of that pathway still needs to be ascertained because of assumptions about
the rationality and aggressiveness of policymakers. When tool providers are open about
how their models and methodologies work, banks can better understand the risk their
portfolios face and therefore produce more responsible and effective reports. Most Fls
surveyed flagged transparency as one of the most important factors when choosing or
collaborating with a vendor.
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What do you find most important when choosing/collaborating
with a vendor?

Transparency

Data scope/coverage

Methodology
Ease of use

Capabilities

Results

Sectoral coverage

Geographic coverage
Coverage

Liability
Compatibility
Precision
Interpretability

Figure 1: Survey results of important factors when choosing a vendor (UNEP Fl, 2022).

Given the immense uncertainty around climate change and economic modelling, there
is even more pressure for tool providers to be transparent about their coverage, meth-
odologies and chosen metrics of different sectors and emissions. Methodology and
approaches can be communicated by materials from vendors. One example is MSCI
ESG Manager that offers downloadable factsheets to explain their functions and funda-
mental approaches. ISS ESG, S&P Global's TCS, and Oliver Wyman/S&P Global provide
their users with comprehensive methodology documents, allowing banks to work
through the modelling assumptions they make and interpret the output with greater
understanding and confidence. Users who access BlackRock's Aladdin Climate via the
integrated platform have access to comprehensive education materials covering both
methodology and metrics via tear sheets, whitepapers, and ‘deep dive' videos. Moody's
Climate Solutions provides its clients access to over one thousand pages of methodol-
ogy and validation documentation on climate risk data and analytics.

By enhancing transparency among the climate analytical solutions, the credibility of
the solutions is likely to increase. At the same time, tool provides face the challenge
in today’s increasingly competitive environment of protecting their intellectual property.
One potential way to address these conflicting demands is to use a third-party for valida-
tion. This can boost the trust in the tool without the risk of commercially sensitive infor-
mation being compromised. To improve transparency, companies could also choose to
disclose information in standardised reports, such as those submitted in line with TCFD
recommendations (MSCI, 2022).
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Data availability

Another notable trend is the gradual improvement in the clarity with which Scope 3 emis-
sions are estimated. For instance, many providers now account for all three emission
Scopes in their methodologies; examples here include MSCI ESG Research, ICE, ISS
ESG, Oliver Wyman/S&P Global and Planetrics. In part, this extra clarity is the result of
requests from Fls for greater transparency on the topic. One tool provider to respond
is Carbone 4, which announced in November 2021 that it would introduce a simplified,
bottom-up approach to calculate Scope 3 emissions through sectoral statistical ratios.
The market trend of transparency thus facilitates exchanges between peer tool providers
and, even more importantly, it supports the cultivation of domain knowledge for Fls.

The accumulated knowledge is further enhanced by increased data availability and open-
source approaches provided by international organisations, research institutions, and
private-sector vendors. For example, the IEA has established a Policies and Measures
Database in order to bring together information about past, existing, and planned govern-
ment policies and measures relating to climate change. These government actions
might be geared towards reducing GHG emissions, improving energy efficiency, support-
ing the development and deployment of renewables and other clean energy technologies,
or other climate-related goals. IEA also provides free datasets regarding sub-sectors
in the energy industry. The NGFS, meanwhile, provides data and technical resources
corresponding to its scenarios. Likewise, the International Monetary Fund (IMF) supplies
downloadable metadata on its climate change dashboards for all indicators, from finan-
cial risk to government policy and economic activity. As for the World Bank, it provides
global data on historical and future climate, vulnerabilities, and impacts through its
Climate Change Knowledge Portal.

The 2° Investing Initiative has delivered a series of software and web-based, open-source
climate analytic solutions, including PACTA SaaS, PACTA for Banks, PACTA for Investors,
and PACTA for Authorities. These tools have been co-developed by a dozen researchers
since 2012, with input from research partners and Fls. Users can access them free of
charge (2Dl1, 2022). PACTA is now under RMI's stewardship. Another example of data
transparency is the Climate Risk Toolbox created by the Food and Agriculture Organiza-
tion of the United Nations (FAQ). The web-based toolbox aims to support the FAQ's over-
all aim of accelerating agricultural transformation and sustainable rural development. It
does so by providing users with the means to conduct climate risk screenings based on
advanced climate-related geospatial data (FAO, 2022).

2.4 Development of user-friendly and purpose-built
tools to meet disclosure needs

There are several ways that tools express their output metrics. The 2027 Landscape
Report categorised them as quantitative, semi-quantitative, financial, non-financial, and
representative of temperature alignment. Building off the last report, most providers use
either quantitative or financial metrics to represent their risk assessments. Examples
include assets linked to climate risks, GHG emissions quantities, probability of default
(PD) or loss, expected loss given default (LGD), and value-at-risk. It has been observed
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that banks consider metrics such as PD and LGD to be pertinent for decision-making
processes, as these are essential to conduct supervisory pilot scenario analyses and
stress tests. These metrics are often required for such exercises and are deemed to
be core estimates by supervisory authorities. According to Climate Credit Analytics’
methodology, it is easier to understand metrics if they are expressed as changes to
financial statements rather than stand-alone “climate scores”. However, this does not
mean these qualitative climate scores should not be included as output metrics. For
example, there is merit in providing temperature alignment or climate narrative metrics
in addition to quantitative or financial values. Since last year's landscape report, PwC
and Ortec Finance's ClimateMAPS have introduced dashboard features that explain the
climate transition risk that a portfolio has accumulated in written words. ClimateMAPS
includes policy and transition metrics, as well as slow-onset and extreme weather per
hazard narratives and heat maps. Additionally, there are qualitative narratives for risks
that are currently difficult to quantify, such as tipping points. Planetrics has updated its
PlanetView platform to include information boxes that provide context and definitions for
outputs to aid interpretation. During UNEP Fl's 2021-2022 exercise, Fls piloted climate
risk tools, assessing both physical, and transition risk, and provided feedback on the
form of the outputs generated. They believed it would be especially helpful to include
qualitative features to support the interpretation of results. One such feature could be
a written explanation of the sum of expected financial loss due to climate change per
hazard and per asset. PwC has recently introduced a heatmap feature, aimed at facilitat-
ing the visualisation of metrics’ impacts on a global map of a bank’s assets (PwC, 2020).
Additionally, MSCI ESG Research provides access to a platform known as Climate Lab
Company that enables banks to delve into individual issuers and examine their Asset
Locations and Hazard Maps.

Exceptions exist. The Frankfurt-based tool provider, right. based on science’, for example,
does not use a combination of qualitative, quantitative, and financial metrics. Instead, it
expresses all metrics in degrees Celsius, believing that this measure helps close the gap
between abstract climate change impact and financial actors’ perception of how they
can contribute to reaching net zero.

Usability, interactivity, and improved visualisation through geospatial mapping can be
a way for tool providers to produce more digestible output alongside quantitative data.
Mapping a portfolio of assets is particularly useful when determining physical risks and
individual hazards on individual investments. An example is Munich Re and XDI, who
use this feature to map physical locations to their exact coordinates. Within Munich Re's
offering, a firm can overlay climate hazards (e.g. flood risk) across multiple temperature
scenarios up to 2100 on a specific asset. Intuitive colour scaling is included in each cate-
gory. Visualisation in a user-friendly manner can assist with interpreting results beyond
the exportable scores and financial impacts seen in an Excel spreadsheet.

The financial industry has been advocating for the adoption of metrics related to transi-
tion and physical risk assessments to facilitate the provision of meaningful disclosures.
In recent times, several providers have developed tools that align with disclosure require-
ments, including BlackRock’s Aladdin Climate. This tool presents its findings in the form
of a platform-based interface and data sets that can be further analysed or tailored to
incorporate additional data or alternative economic assumptions. This versatility enables
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banks to engage with the data at a deeper level and refine their understanding of the
transition risk that they may face. Other tool vendors create disclosure reports for their
users. MSCI, McKinsey's Planetrics, Oliver Wyman/S&P Global, and ISS ESG have auto-
mated exportable features that can easily facilitate comparisons. For PwC, the export
function is available for the transition real estate. ICE, a relatively new tool provider and
one more heavily focused on climate stress testing, generates TCFD compliance reports
for its users. Although downloadable reports and summary metrics may not have the
same detail as the asset-by-asset assessments that underpin them, they can be valuable
for decision makers to understand a firm's overall climate risks.

While these different combinations of metric types and automated report features are
important to banks, there still seems to be an interpretation gap. According to a survey
conducted in 2022 by UNEP Fl's Tools Demo working group, two of the biggest chal-
lenges that Fls face when using a tool are the interpretation of outputs and the under-
standing of the methodologies used in the tools. These firms are looking for more than
the existing features to help them understand the risk in their portfolios, and providers
must evolve their offerings to meet these demands. In addition, as a reiteration of a
point made in Section 3.3, there is a continuous need for tool providers to be transparent
about the metrics and reports they deliver and how they estimate them. Methodological
documents may need to be considered as an additional part of tool outputs to facilitate
strong risk interpretations.

What are the biggest challenges you are facing within that
process besides data availability and modeling certainty?
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Figure 2: Survey results of challenges Fls are facing with vendors outputs (UNEP FI, 2022).
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3.1 Introduction to transition risk assessments

Transition risk assessments can require access to detailed inferences about the devel-
opment and deployment of future technology, a considerable amount of emissions
data, a wide range of climate and macroeconomic models, and an understanding of
forward-looking climate and economic assumptions. Almost all methodologies use
climate hazards and forward-looking carbon policy and technology variables as inputs
to measure the risk to clients on their operations and value chains, with results often
expressed in financial metrics. This section provides an overview of current transition
risk methodologies that commercial service providers have developed.

This report compares various methodologies in the transition risk assessment space.
However, for those looking to explore more detailed comparisons of methodological
features, we suggest referring to the rigorous assessment of selected transition risk
methodologies conducted by the Swiss Federal Institute of Technology (Bingler, Cole-
santi Senni and Monnin, 2020). Other additional resources include a recent article from
the IEA (IEA, 2021) and a technical documentation from the NGFS (NGFS, 2021), as well
as an academic paper by Bingler et al. that focuses on how risk assessment methodol-
ogies could be enhanced (Bingler, Colesanti Senni, 2020).

In the link below, readers can find an excel summary of several service providers and
their transition risk assessment tools and analytics. The information incorporated in
this overview has been obtained from publicly available sources, survey responses, or
contributions from most climate assessment service providers, following the assess-
ment framework developed by the 2027 Landscape Report. The set of service providers
listed and reviewed in this section is certainly not exhaustive, but we have attempted to
include the principal commercially available methodologies.

Click here to access the transition
risk assessment tools and analytics
service providers
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3.2 Climate Transition Scenarios

Transition scenarios form the basis of tool providers’ core assumptions when evalu-
ating financial risks from climate change, and they are built around a global temper-
ature target or emissions pathway. Despite the growing universe of scenarios, there
are four common storylines or pathways that most models follow: (i) ambitious Paris
Agreement-aligned action; (ii) delayed Paris Agreement-aligned action; (iii) current policy
commitments; and (iv) business as usual (WBCSD, 2022). For example, the six NGFS
scenarios can be translated to these four categories. Orderly net-zero 2050, Below 2°C,
and Divergent Net Zero correspond with ambitious Paris Agreement-aligned action, as
they all include immediate action with below 2°C warming targets, considering both
an orderly and disorderly transition. The Delayed Transition scenario is Paris Agree-
ment-aligned in ambition as it has a 1.6°C target, yet policies and technology changes
are slower, hence it is comparable to delayed Paris Agreement-aligned action. Current
Policies are represented under the Nationally Determined Contributions (NDCs) scenario,
and business as usual correlates with the Current Policies scenario.

Many transition scenarios make use of complex Integrated Assessment Models (IAMs),
which answer “what if" questions and provide “insights, not numbers” into different
mitigation options. As the NGFS points out in its key messages, the scenarios are not
forecasts. The purpose of its scenarios is to explore future risks and prepare for their
potential shocks to the financial system, including plausible (though not always probable
or desired) futures (NGFS, 2022). Understanding IAM assumptions is crucial to inter-
preting the complexity and interactions of each pathway (UNEP FI, 2021). The primary
assumptions of these models include gross domestic product (GDP), population growth
rates, and global carbon pricing; secondary assumptions may comprise shadow carbon
pricing that includes the social cost of carbon, shifts in consumer behaviour, improve-
ments in energy efficiency, increased productivity, technical progress such as CCS, and
renewable energy development and deployment (NGFS, 2022).

Numerous institutions have developed transition scenario models in recent years.
However, many tool providers use a sub-set of models from the IPCC, IEA, the NGFS, IPR,
the International Renewable Energy Agency (IRENA), and the One Earth Climate Model
(OECM). A summary table of these scenarios can be found in Appendix A, including
outlines of their representative pathways, their associated temperature increases, and
the basis of their development. In partnership with Vivid Economics, the World Business
Council for Sustainable Development (WBCSD) has also developed a catalogue of well-
known transition models and bespoke approaches accessible through an interactive
online tool. For the scope of this updated report, we summarise three key models for
transition risk analysis: the IPCC, IEA, and the NGFS.
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International Panel on Climate Change (IPCC)

The IPCC's Sixth Assessment Cycle has incorporated enhanced climate models from
the Coupled Model Intercomparison Project (CMIP-6-project), allowing the IPCC to take

outputs from multiple IAMs and average the results to reduce uncertainty (WBCSD, 2022).
The WGIII's contribution in 2022 can be categorised by four headline conclusions that

form the basis of the assumptions determining transition risk across the IPCC scenarios:

GHG emissions A transition to
have risen global net zero by
globally, yet the 2050 will require an
unit costs and all-encompassing Linking
policies enabling system transformation mitigation and
low-emissions to be accomplished with adaptation

technology have a portfolio approach is crucial for
dramatically spanning mitigation sustainable
accelerated technologies, energy development
deployment since efficiency, retrofitting,
AR5's release in CDR, and demand-side
2014 measures

International Energy Agency (IEA)

A strengthened
global response
in the form of
better designed
governance,
regulation,
and economic
instruments will
remove barriers to
mitigation in the
near term

The IEA's annual World Energy Outlook (WEQ) provides cutting edge research into global
trends in energy demand and supply and their implications for energy security, environ-
mental protection, and economic development. It creates detailed projections through its

Global Energy and Climate (GEC) Model, which gathers over 20 years of modelling capa-
bilities and is designed to replicate the entire energy system (IEA 2022). The assump-

tions underlying the transition risk scenarios from this year's WEO can be summarised

as follows:

Despite
underinvestment,
enabling policies

can rapidly
increase renewable
technology
investments that
can put a peak-
fossil fuel timeline
into view.

Global energy
demand will Investments in
increase clean energy
Sl CENOAREL are still well

scenarios, with a below the
majority coming requirements
from emerging for net zero by
and developing 2050.
markets.
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No new investments in
unabated coal power
plants and mines are to
be made after 2030 to
reach net zero by 2050,
and global demand
for coal falls in all
scenarios, though more
quickly in advanced
economies.
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Network for Greening the Financial System (NGFS)

The NGFS's scenarios are a starting point for analysing climate risks in the economy
with special consideration for the financial system. The scenarios aim to prepare the
financial sector for future shocks and risks associated with climate change. The model
assumptions across scenarios have been updated in its third iteration in 2022, with three
key conclusions directly influencing transition risk below (NGFS, 2022):

A higher carbon price is
needed to achieve a net-zero
transition by 2050, as seen
by inclusion of a shadow
carbon price. The shadow
price accounts for policy
intensity and changes in
technology and consumer
preferences.

The scenarios assume The net-zero transition will
low to medium require massive investments
availability of CDR in green electricity and stor-
technologies but vary age. Coal will also be wound

across differing cost down to nearly zero in 2050,
assumptions, countries, and renewables and biomass
and availability of CDR will deliver about two-thirds

options. of global energy needs.

Updates from other institutions

OECM 2.0 was commissioned by the United Nations Net-Zero Asset Owner Alliance
(NZAOA) in August 2022 with the goal of developing science-based sectoral decarbon-
isation pathways and targets for 12 major industries. OECM 2.0 improves upon OECM
1.0 by merging three independent models into one connected MATLAB-based energy
assessment model covering the entire global energy system. It also enhances the model
by incorporating energy demand and supply scenarios for each sector using individu-
alised GDP projections, market forecasts, and material flows while covering Scope 1,
2, and 3 emissions. In the future, OECM will be a part of a growing scientific effort to
develop a transition pathway that achieves a 100% renewable energy future, also known
as 100RE modelling. The main conclusions from recent studies are that 100% renewable
is feasible worldwide at low cost (Scott, 2022).

The IPR recently developed Quarterly Forecast Trackers (QFTs) in November 2022 to
assess policy, technology, and land use developments. Along with this, QF Ts measure
the speed of policy ambition against their 2021 IPR scenarios of IPR 1.8°C Forecast
Policy Scenario (FPS), and the 1.5°C Required Policy Scenario (RPS). QFTs also provide
in-depth detail of accelerations in energy, land-related, and technology developments
via policy gap, heatmap, and 10-point scale analysis (PRI, 2022). In January 2023, IPR
announced the first integrated nature and climate IPR Forecast Policy Scenario + Nature
(FPS + Nature). This meets the need for a forward-looking view of how policy trends
relate to protected areas, land restoration, nature markets, climate drivers, as well as
how technology and social trends impact land use and energy-related value drivers. FPS
+ Nature is seen as a ‘beta version’ for future nature-related scenarios (IPR, 2023).

IRENA provides transition modelling of the energy system with a focus on renewables.
Through its 2022 World Energy Transitions Outlook, it also models the scaling-up of
electrification and energy efficiency measures that are enabled by renewables, hydrogen,
and sustainable biomass, along with last-mile use of CCS—all of which it identifies as
key drivers to maintain a 1.5°C pathway. The Outlook presents an analysis of the actions
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required by 2030 to achieve the 1.5°C pathway in 2050, as recommended by the IPCC.
In line with other findings already mentioned, progress towards these goals will require
well-targeted investments into renewables with a portfolio mix of technologies. These
investments must be enabled by policy packages to incentivise fossil-fuel phasedown
and encourage society-wide behaviour change (IRENA, 2022).

3.3 Transition risks

Transition risks are related to the adjustment process toward a low-carbon economy.
The drivers of these risks are generally global, even though the specific nature of these
drivers will vary in different national economic contexts. The list below covers the differ-
ent risks, including the description of possible developments to measure the climate-re-
lated changes that could generate, increase, or reduce transition risks. These transition
risks, once realised, could result in stranded assets, loss of markets, reduced returns
on investment, and financial penalties. However, if properly anticipated and effectively
managed, these challenges can also present opportunities for improvement and may
result in superior performance compared to peers who are less prepared.

Table 2: Transition risks and indicators

Transition risks Risk drivers

Policy and Legal Increased pricing of GHG emissions, carbon footprint Scope 1-3
Enhanced emissions-reporting obligations

Mandates on and regulation of existing products and services
Exposure to litigation

Techn0|ogy = Substitution of existing products and services with lower-emission options (within
lifetime = stranding assets; after lifetime = replacement investment)

Unsuccessful investment in new technologies

Stranding new investments

Upfront costs to transition to lower-emission technologies

Higher operating costs from high-emission technologies

Changing customer behaviour

Shift in consumer preferences

Uncertainty in market signals

Increased cost of raw materials

Shift in financial and balance-sheet asset values

Failure to capture new market opportunities and technologies via clean technology
research and development and clean technology export activities

Markets

Reputation = Stigmatisation of sector
= Increased stakeholder concern or negative stakeholder feedback
= Brown Share Assessment

3.4 Risk assessment methodologies

Compared to the 2021 Landscape Report, little has been updated within the method-
ology’s areas. However, the essential topics are summarised in the upcoming section.
Methodologies for the forward-looking analysis of transition risks must incorporate a
range of variables and estimates that affect the economic impact at the macroeconomic
or sectoral level, which then translate to the firm level. Finally, they must enable the long-
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term financial impact on an Fl to be estimated. Generally, there are two different data
sets: (i) backward-looking status quo data such as GHG emissions; and (ii) forward-look-
ing parameters. The combination of these data points, especially the forward-looking
piece, can be used in different metrics and use cases.

Data Metrics Use cases Perspectives
Backward-looking
status quo Risk Analysis Outside-in
Impact Assessment Inside-out

Forward-looking

scenario analysis
Alignment Strategy

Double materiality
Target Setting

Figure 3: Transition metrics landscape (Julia Bingler, for UNEP FI, 2023)

All categories relate to the viewpoint of chosen perspective: i.e., outside-in, inside-out, or
double materiality considerations. None of them are mutually exclusive, as an Fl can use
an alignment strategy to make a gap analysis that allows it to assess the risks. Figure
4 below gives an overview of how the data sets and metrics can be used through a
bottom-up structure to generate financial impact results.

Most of the tools specialised in transition risk assessment use a general analysis
structure to generate a climate-adjusted financial risk indicator as one of the common
outputs. The flow starts with selecting a temperature limit that the organisation wants
to consider under a specific scenario analysis approach. In the next step, there are the
socio-economic assumptions that the analyst needs to identify to translate temperature
limits into society development parameters, such as technology development assump-
tions. The user feeds those assumptions into a climate model that the IEA and simi-
lar expert institutions provide. These three input factors comprise a specific transition
scenario—namely: (i) the temperature limits, (ii) the socio-economic assumptions, and
(iii) the climate transition model.

An illustrative transition scenario example is the IEA's Beyond 2-degree Scenario (B2DS).
This scenario sets a rapid decarbonisation pathway in line with international policy
goals. For the first time, the B2DS looks at how far clean energy technologies could go
if pushed to their practical limits, in line with countries’ more ambitious alignment goals
with the Paris Agreement. Another generated output could be a normative IEA scenario
that shows a pathway for the global energy sector to achieve net-zero CO, emissions
by 2050, with advanced economies reaching net-zero emissions in advance of others.
This scenario also meets key energy-related objectives of the United Nations Sustaina-
ble Development Goals (SDGs), particularly those relating to the achievement of univer-
sal energy access by 2030 and significant improvements in air quality. Another output
example is the REMIND-MAgQPIE model output from the NGFS. This optimisation model
integrates macroeconomic agriculture, land use, energy, water, and climate systems (see
Appendix C).
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Top-down vs. bottom-up structure

These model outputs are then put into an economic model with either top-down
or bottom-up designs, or a combination of both. Top-down design directly models
economic impacts at the macroeconomic or sector level, where the end user would
receive the change in GDP or demand in specific product categories. Bottom-up design,
in contrast, builds the economic impacts up from the firm level. This follows a technol-
ogy model where the result is expressed as the technology investment that is required
to reach a specific temperature limit.

Bottom-up methodologies provide more granular assessment with arguably more
accurate near-term results. The reason for this is that bottom-up approaches consider
the effects of climate change in the recent past, typically based on recall and specific
aspects of human-environment systems. This can include information about specific
human practices and their impacts, as well as the feedback loops and complex interac-
tions that have occurred between human activities and the environment. This approach
provides more detailed information at the firm level and throughout the supply chain.
Such approaches include BlackRock's Aladdin Climate, Carbone 4's Climate Impact, ICE's
Element6, XDlI's Cross Dependency Initiative, WTW's Climate Transition Value at Risk,
PwC's Climate Excellence Tool, Oliver Wyman/S&P Global's Climate Credit Analytics,
Planetrics, Verisk’s Transition Risk Tool, and Moody'’s Investors Service's (MIS) Carbon
Transition Assessment and Carbon & Energy Transition metrics.

Top-down approaches measure emissions against the global carbon budget. The argu-
ment in favour of this approach is that country-level emissions data are often more
reliable and consistent than firm-level emissions data. Country estimates are likely to be
more thoroughly verified than emissions from any individual firm. Additionally, top-down
approaches more readily capture the networked effects of interacting climate risk driv-
ers, including policy, technology, and physical risk. Ortec Finance's ClimateMAPS and
Entelligent's SmartClimate Technologies are examples of top-down approaches.

Other providers, such as MSCI, employ a hybrid methodology that integrates both
top-down and bottom-up approaches to assess the risks posed by future policies aimed
at addressing climate change. ISS ESG has hybrid approach capabilities, but it largely
relies on a top-down approach derived from regional and country-level assumptions
about the carbon price. These prices translate to higher emissions costs in the form of
increased company-level operating expenditures (OPEX).
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Figure 4: Bottom-up module sample (Oliver Wyman/S&P Global, 2020).

In the next phase, model outputs expressed as the change in GDP or technology invest-
ments are combined with firm-level economic climate risk indicators; e.g. emissions-in-
tensive revenues or low-emissions capital expenditure (CAPEX). There are two options
for analysis: a microeconomic model or a firm-level analysis of the model output. Among
other deliverables, both options will lead to an output that describes a firm's risk profile
in terms of revenues and costs changes.

The analysis structure could stop there. However, as most Fls are interested in integrat-
ing those results into their internal processes to influence their credit risk processes, they
must incorporate the model outputs into their financial modelling. Depending on their
level of analysis, FIs may calculate the climate value-at-risk (cVaR) or the climate-ad-
justed probability of default (PD). Generally, climate risks can be transferred through
different micro or macro transmission channels to financial risks. As an example, tran-
sition risks will affect businesses’ profitability and households’ wealth, which will create
financial risks for lenders and investors. With that, those risks can lead to a shock in the
broader economy through investment challenges and effects on productivity. They can
also pose a massive threat when the transition leads to stranded assets.

Further, there are the effects of acute and chronic physical risks to consider. Acute
impacts result from extreme weather events that can lead to business disruptions and
damage to properties. These events can increase underwriting risks for insurers, leading
to lower insurance coverage in some regions and impairing asset values. The second
area of physical risks are chronic impacts, particularly from increased temperatures, sea
levels rise, and precipitation that may affect labour, capital, land, and natural capital in
specific areas. These changes will require significant investment and adaptation from
companies, households, and governments. An important consideration is the possible
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climate-economy feedback cycle, which means that climate risks can have economic
impacts and that, likewise, economic impacts can create climate impacts.

Using climate scenarios and associated socioeconomic pathways to determine financial
risk at the sector and firm level depends on the approach the methodology takes. The
methodology must enable the assessment of a range of variables and assumptions that
affect the economic impact at the macroeconomic or sectoral level. Then, it must facili-
tate the translation of those impacts at the firm-level and subsequently generate an esti-
mation of the financial impact to the FI in question. This report bases its methodological
assessment on the framework developed in the Changing Course report, which looks at
each methodology’s scope and breadth of assessment. The scope of an assessment is
across four principal impact channels:

Macro-environment: Economic trends at the macro-level tend to be the
starting point for top-down analyses. Policy and technology changes at the
country and sector level could impact macroeconomic indicators, such as
economic growth, the balance of trade, and exchange rates (particularly in
the case of disorderly transitions or price shocks).

]
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Supply chain: Policy or technology shifts could see impacts on the upstream
or downstream supply chain of counterparties; for example, through chang-
ing costs of electricity generation or increased demand for certain products
such as electric vehicles.
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Operations and assets: This impact channel directly affects the operations
of counterparties; i.e. Scope 1 emissions.
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Market: For emissions-intensive industries, most transition impact will be
through the Scope 3 emissions of consumers; so, for coal mining or oil &
gas production, policy or technology changes will lead to changes in market
demand.
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4.1 Introduction to physical risk assessments

This section provides an overview of the latest physical risk methodologies and builds on
the structure of the original 2027 Landscape Report. The aim of the updated version of
the work in this report is primarily to accomplish completeness and to list new vendors
with their offerings and coverage. Many Fls will continue to assess their transition and
physical risk exposure. In response to this industry need, vendors can be expected to
provide more robust and detailed integrated risk assessment solutions.

As with the transition risk overview in Chapter 3, the hyperlink below takes readers to
an excel overview of multiple physical risk tools. The set of service providers listed and
reviewed in this section is undoubtedly incomplete. However, we have attempted to
include the principal commercially available methodologies. We also let participants
choose which providers they want to have the detailed analysis of this year. For a
detailed overview of the survey methodology and a set of case studies by banks using a
selection of methods, please refer to the Charting a New Climate report. Beneath are a
few additions to the commentary provided in the previous 2027 Landscape Report.

Click here to access the physical
risk assessment tools and analytics
service providers
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4.2 Physical risk scenarios

The IPCC, a United Nations body that reports on the state of climate research and is
convened by UNEP and the World Meteorological Organization (WMO), established the
Representative Concentration Pathway (RCP) scenarios for atmospheric GHG concen-
trations. These effectively measure the amount of warming that could occur by the end
of this century. The RCPs are labelled after a possible range of radiative forcing values
in the year 2100 (values commonly used include: 2.6, 4.5, 6.0, and 8.5 Watts per square
metre) (IPCC AR5, 2014). Radiative forcing (RF) is a measure of the extra energy in the
climate system, where the RF of a gas is defined as the difference between incoming
solar radiation and outgoing infrared radiation caused by the increased concentration
of that gas. Scientists use these values to estimate potential temperature rises and
subtract the energy flowing out from the energy flowing in. If the number is positive
(“positive forcing”), there is a warming. If the number is negative (“negative forcing”),
then there is cooling. Although RCP scenarios also apply to the transition side, they are
more commonly used for physical risk assessment since different RCPs are converted
into relevant potential temperatures. Figure 5 below elaborates on the four pathways
developed by IPCC, which describe different climate futures that span a broad range of
forcing in 2100.
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Figure 5: Emissions of carbon dioxide across the RCPs (van Vuuren et. al,, 2011).
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RCP 2.6 A strong mitigation scenario leading to a warming typically aligned to <2°C of warming
by 2100 relative to the pre-industrial period (1850-1900)

RCP 4.5 A moderate mitigation scenario leading to a warming at the end of the 21t century of
more than 2°C relative to the pre-industrial period (1850—1900)

RCP 6.0 A low mitigation scenario leading to a warming at the end of the 21t century of proba-
bly less than 3°C relative to the pre-industrial period (1850-1900)

RCP 8.5 A no mitigation scenario leading to a warming at the end of the 215! century of probably
more than 4°C relative to the pre-industrial period (1850—1900)

These RCP scenarios did not include socioeconomic “narratives” alongside the parame-
ters. This explains why, since AR5, the original pathways have been considered together
with Shared Socioeconomic Pathways (SSPs). Those models analysed how socioec-
onomic factors, such as population, economic growth, education, urbanisation, and
the rate of technological development, may change over the next century. They also
defined how societal choices can lead to changes in RFs. RCPs and SSPs are judged
to be complementary. Combining them together allows for a standardised comparison
of societal changes and the resulting level of global warming (Taylor, 2018). The RCPs
set pathways for GHG concentrations that represent the amount of warming that could
occur by the end of this century. In comparison, the SSPs set the stage on which reduc-
tions in emissions will (or will not) be achieved. They are used in six IAMs to derive
emissions scenarios without (baseline scenarios) and with climate policies (mitigation
scenarios). Each SSP can theoretically be coherent with several RCPs as long as it is
plausible within the underlined narrative (Carbon Brief, 2018).

The latest version of SSP scenarios was developed in 2027 by the IPCC AR6. These
scenarios are expressed in the format of SSPx-y, where ‘SSPx’ refers to the socioec-
onomic trends underlying the scenario, and 'y’ refers to the approximate level of radi-
ative forcing (in Watts per square metre) resulting from the scenario in the year 2100
(Reuters, 2021). Detailed descriptions are listed below. The IPCC AR6 has provided the
explicit mapping between SSPs, and temperature rises in near, mid, and long terms, as
presented in Appendix D. Figure 6 also outlines these five SSPs narratives and illustrates
that global warming is near-linearly proportional to the CO, emitted.

SSP1-1.9 | The IPCC's most aggressive scenario that describes a world where global CO, emissions
are cut to net zero around 2050, with warming hitting 1.5°C but then dipping back down
and stabilising around 1.4°C by the end of this century

SSP1-2.6 | This scenario imagines the same socioeconomic shifts towards sustainability as SSP1-
1.9, but temperatures stabilise around 1.8°C higher by 2100

SSP2-4.5 | This pathway assumes that CO, emissions hover around current levels before starting to
fall mid-century, but they do not reach net zero by 2100. Temperatures rise 2.7°C by the
end of this century

SSP3-7.0 | On this path, emissions and temperatures rise steadily and CO, emissions roughly double
from current levels by 2100. By 2100, average temperatures have risen by 3.6°C

SSP5-8.5 | Current CO, emissions levels roughly double by 2050. The global economy growth is
fueled by exploiting fossil fuels and energy-intensive lifestyles. By 2100, the average
global temperature is a scorching 4.4°C higher
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Every tonne of CO, emissions adds to global warming

Global surface temperature increase since 1850-1900 (°C) as a function of cumulative CO, emissions (GtCO,)
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Figure 6: Every tonne of CO, emissions adds to global warming (IPCC, 2021).

As mentioned in Chapter 4.2, since 2016, the CMIP-6-project has combined SSP and RCP
frameworks, and has defined eight future scenarios (from 2015-2100) and one histor-
ical scenario (from 1850-2014) (Hausfather, 2019). These CMIP scenarios, as listed in
Appendix E, have several new features relevant to policymakers and others, and are used
by scientists to improve and enhance climate change projections information. Consider-
ing the model’'s maturity, coupled with the nature of physical risk measurement and the
comparability of results, most vendors still follow the RCP approach when running phys-
ical climate hazard assessment services. However, the integration could be improved
and some providers are taking steps to do this. For example, MSCI seeks to provide
consistent physical risk analysis by mapping the physical risk costs of an input RCP
scenario onto the aligned output scenarios, such as the RCP-SSPs (e.g. SSP1-2.6) and
NGFS scenarios.

Physical risk scenarios continue to be underpinned by assumptions of the IPCC RCPs,
primarily through a moderate emissions pathway (RCP 4.5) and a high emissions
scenario (RCP 8.5). RCP 8.5 is a helpful assessment scenario for modelling purposes,
as the IPCC working groups use the RCP 8.5 scenario to contrast a world with extreme
climate change with a world in which emissions remain low (Climate Matters, 2022).
Climate scientists argue that the very high-end scenario is essential to study the poten-
tial physical risks of extreme climate change (Schwalm et al., 2020). Critics argue that
labelling it as “business-as-usual” miscommunicates the likelihood of such a drastic
increase in CO, emissions, and therefore should not be considered business-as-usual
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(Hausfather & Peters, 2020). In the context of climate change, however, a “business-as-
usual” scenario is often used to refer to a scenario in which GHG emissions continue to
rise rapidly, with no significant changes or interventions to reduce them. With that, the
term “business-as-usual” may not accurately convey the likelihood of a drastic increase
in GHG emissions under an RCP 8.5 scenario. While GHG emissions could continue
to rise under a business-as-usual scenario, it is important to note that many countries
worldwide are taking steps to reduce their emissions, such as implementing carbon pric-
ing schemes and investing in renewable energy. The actual outcome will depend on the
actions taken by individuals, organisations, and governments to mitigate and adapt to
climate change. In summary, a “business-as-usual” scenario may not accurately reflect
the current or future reality of GHG emissions, and it is important to note that many
actions are being taken to reduce emissions and mitigate the effects of climate change.

Building off the IPCC RCPs and SSPs, the NGFS has developed a series of physical risk
scenarios. These provide another mainstream source of risk assessments for scenario
analysis in the financial sector. These modelling efforts by Fls are a partnership with the
NGFS to evaluate the financially relevant impacts associated with different physical risk
scenarios. The NGFS scenarios include orderly and disorderly 1.5°C and 2°C scenarios
(both of which are in the range of the low-temperature scenario RCP 2.6), a scenario
based on NDCs associated with 2.5°C warming and a Current Policies scenario associ-
ated with 3°C+ of warming, which is closely related to the high temperature scenario of
RCP 6.0. The transition pathways all share the same underlying socioeconomic assump-
tions that are derived from SSP2, which outlines a “middle-of-the-road” future (NGFS,
2022). According to the NGFS, the general criteria for physical risk scenarios include
requirements to be: (i) plausible, representing a possible and realistic future; (i) distinc-
tive, exploring a range of different options; (iii) enable climate-related macroeconomic
and financial risks to be identified and assessed with geographic considerations; and (iv)
enable key sensitivities and nonlinearities to be captured (NGFS and World Bank, 2022).

The NGFS has updated its physical risk scenario results to reflect changes alongside its
transition risk assessments in its 2022 Technical Documentation Report:

1. Temperatures rise in all pathways and exceed 3°C in the Current Policies pathway.

2. Temperature increases are unevenly felt worldwide, with areas of higher latitudes
and land areas experiencing higher temperatures.

3. Estimates of chronic physical risk GDP losses were calculated at the country level.
(Kalkuhl and Wenz, 2020). The results suggest that GDP losses could be up to 18%
by the end of this century in the Current Policies Scenario, with losses highest in
tropical geographies. However, the analysis does not account for extreme weather
impacts, sea-level rise, migration, conflict, or adaptation measures.

4. GDP losses from acute physical risks were included for the first time in NGFS
scenarios, using historic damages from extreme weather events taken from the
international disaster database, EM-DAT.

5. Thisinformation was used as input to the NiIGEM model to estimate the impacts
of acute risks on global GDP in three NGFS scenarios. Several key factors were
measured: (i) the hazard associated with each regional peril; (i) the influence of
climate change on the hazard; and (iii) the exposure, dependent on geography and
including dynamics such as population, economic growth, and migration.

The 2023 Climate Risk Landscape 44
Contents | Overview of physical risk approaches



https://media.nature.com/original/magazine-assets/d41586-020-00177-3/d41586-020-00177-3.pdf
https://www.ngfs.net/sites/default/files/media/2022/11/21/technical_documentation_ngfs_scenarios_phase_3.pdf
https://www.ngfs.net/sites/default/files/media/2022/11/21/technical_documentation_ngfs_scenarios_phase_3.pdf
https://www.ngfs.net/sites/default/files/media/2022/09/02/ngfs_physical_climate_risk_assessment.pdf
https://www.ngfs.net/sites/default/files/media/2022/11/21/technical_documentation_ngfs_scenarios_phase_3.pdf
https://econpapers.repec.org/scripts/redir.pf?u=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS0095069620300838;h=repec:eee:jeeman:v:103:y:2020:i:c:s0095069620300838

4.3 Physical hazards

The table below provides an overview of the latest available hazards among the tool
providers, including frequently used indicator variables for them, and the secondary
effects. As there are more hazards presented by the IPCC and other scientists, vendors
continue to work on their hazard coverage and extend their indicators to capture second-
ary effects such as planned flood defences, and other metrics which relate to damage
and loss, such as peak wind gusts, flood depths and wet-bulb temperatures.

Table 3: Physical risk hazards and a selection of commonly used indicators

Climate Hazards

Risk indicators

Secondary effects

(] Hurricanes and =« Cumulative wind speed Coastal regions and islands are the most

= typhoons vulnerable as they are affected not only by

< the direct impact of a storm but also by
secondary hazards, such as storm surges and
pounding waves.

Floods = Flood frequency Disruption of services, health impacts such as
= Flood severity famine and disease, and tertiary effects could
= Rainfall intensity change the position of river channels, leading
= Very wet days (>95th p) to landslides.
= Wetdays (>10mm)

Wildfire risk = Change in days with high wild- Secondary effects, including erosion, land-

fire potential slides, impaired water quality, and smoke
= Change in maximum wildfire damage, often accompany fire events.
potential
= Days with high wildfire potential
= Maximum wildfire potential
©O | Sealevelrise = Absolute coastal flood Rising sea levels lead to multiple adverse
g frequency effects like coastal erosion, inundations,
= = Relative coastal flood exposure storm floods, tidal waters encroachment into
o estuaries and river systems, and contamina-

tion of freshwater reserves.

Heat Stress

Energy demand
Extreme heat days
Extreme temperature

The health impacts of rising air temperature
are compounded by increased atmospheric
water vapor, which reduces humans'’ ability to
dissipate heat.

Drought Stress

Meteorological drought: i.e.
days per annum with precipita-
tion below Tmm

Increasing temperature, in addition to
changes in precipitation patterns, can cause
drier weather conditions and hence more
intense and frequent drought events, which
can have severe economic, environmental,
and social impacts.

Precipitation
Stress

Current baseline water stress
Current inter-annual variability
Future water demand

Future water supply

Water demand change

Water supply change

The effects of adverse rain include flooding.
Heavy rainfall effects in urban areas can be
especially catastrophic, endangering lives and
damaging infrastructure.

The 2023 Climate Risk Landscape
Contents | Overview of physical risk approaches

45



4.4 Assessment methodology

Physical risks can be assessed across multiple dimensions: hazards, exposure, and
vulnerability. Hazards refer to the probability of dangerous climate change events,
which may be acute or chronic. Physical climate risk assessment requires informa-
tion on these factors for each company or security issuer. Based on the literature, the
term “physical risk” can be conceptualised with the following equation: Risk = Hazard
x Vulnerability x Exposure. As mentioned previously, hazards are potentially damaging
physical events, phenomena, or human activities that may cause environmental degra-
dation, harm human health, cause social or economic disruption, or precipitate property
damage or loss of land. As the second attribute, ‘exposure’ refers to each asset’s risk in
these climate events. The IPCC defines it as “the nature and degree to which a system is
exposed to significant climate variations” (IPCC, 2020), such as the presence of people,
species, economic or social activities (including public services), and physical assets,
(e.g. buildings, infrastructure), or any other defined variation exposed to hazards in a
specific area. Finally, vulnerability is the susceptibility to the hazard regarding physical,
societal, and economic factors, which include actions taken to reduce or adapt to the
hazard.

Vulnerability SOCIOECONOMIC
CLIMATE PROCESSES
Natural Socioeconomic
Variability Pathways
Adaptation and
Mitigation

Anthropogenic

Actions
Climate Change  a

Governance

EMISSIONS
and Land-use Change

Figure 7: The IPCC AR5 conceptual framework with risk at the centre (IPCC, 2014).

The equation mentioned above is not only conceptual; each parameter can also be quan-
tifled using spatial data. For example, exposure can be illustrated by the number of build-
ings, the economic value, or the number of people impacted. Those numbers define how
the risk is displayed. With this, Figure 7 demonstrates the coherence and shows the
IPCC AR5 conceptual framework for assessing the multiple interacting risks of climate
change. An updated version of this ‘risk propeller’ from the WGII contribution to the AR6
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can be found in Appendix F. The ARG report has a stronger focus on the interdepend-
encies of climate, ecosystems, and biodiversity with human societies, and this figure is
designed to reflect this. For the scope of this report and for this section on physical risk,
we are referencing the AR5 conceptual framework in Figure 7.

Physical risks have direct financial consequences for organisations where those risks
are realised, as well as for up-front insurance and investment-related costs. How phys-
ical risks change over time through the dynamic relationship of the three core compo-
nents of risk (hazard, exposure, vulnerability) need to be better understood and it has
yet to be dealt with in a coherent, consistent, and widespread manner. However, if one
dimension of the physical risk framework increases, and if the other two are constant,
then the overall risk has increased.

A physical risk assessment methodology typically has multiple steps that begin with an
iterative process of defining scope, setting objectives, and collecting data. Following this,
the relevant scenario must be chosen along with the impacts to be measured. Lastly,
interpreting results to incorporate into decision-making is the last crucial step and defin-
ing significant assessment limitations (NGFS, 2022). Figure 8 below depicts this six-step
process:

Figure 8: Physical Climate Risk Assessment Process (World Bank, 2019).

An elaboration of the step-by-step process for physical climate risk assessment can
be found in the NGFS Physical Risk Assessment Report. Further, each data set models
several different metrics, but the most useful for the financial sector are those metrics
that cover balance sheet impacts and macroeconomic data focused on the most
relevant impacts of these hazards, such as financial losses and changes in macroe-
conomic factors (see Appendix B). Through a forward-looking assessment of acute
climate shocks and their socioeconomic impacts, the proposed framework can support
better-informed decision-making for a broad range of potential applications, including
managing climate-related public contingent liabilities, central banks’ climate stress-test-
ing, and climate-resilient financial product development.
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In summary a physical climate risk assessment requires different types of data, for example:

1. Macroeconomic data

%
()

National accounts
Physical capital

Informal sector
Regional GDP/GVA

P oo TP

g. Trade flow

h. Government spending and

revenue

Household consumptions

. Labour and productivity

At this moment, the macroeconomic data is taken from places such as the NGFS, market
reports, and government databases, but these sources may also be expanded and inter-
polated by tool providers.

2. Asset-specific financial information

Generally, asset-level data is becoming more frequent, and more companies are disclos-
ing publicly detailed data, such as their geolocation of fields, capacity, productivity, and
ownership information. In addition, frameworks such as the TCFD are voluntary recom-
mendations that support the progress toward disclosure of climate-related risks and
opportunities.

= a. Capital adequacy
' b. Assets and liabilities
T——T— c. Management

d. Earnings

e. Liquidity

f. Vulnerability to risk
3. Climate-related data
¢ 10=] a. Geospatial data
;(')'_f't b. Hazard information
‘~a_| c. Weather details

Climate-related information is getting more accurate and reliable in the predictions of global
temperature increases as they are based on well-founded physical principles. Further, obser-
vations are coming from more radars, the latest technology, and satellites that continue to
enrich the climate models. Historical and forward-looking data, such as the IPCC Atlas and
the Word Bank Climate Change Knowledge portal, are available as public hazard data sets.
However, end-users should be aware of the limitations and uncertainties that still remain,
particularly in how acute weather events may change in the future.
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Going forward, physical risk models will be able to aggregate greater sources of data, with
the use of geospatial and remote sensing data, climate model projections, artificial intel-
ligence (Al), and data mining. Al will be of increasing importance in accessing data from
various sources. For physical risks, this could include ‘vision learning’ from geospatial data,
which will also help to expand the range of physical hazards covered.

One area for improvement in physical risk models is assessing the impacts from second-
ary effects driven by climate change, whether socio-economic (e.g., migration and
conflict) or environmental (e.g. public health shocks). These secondary impacts are diffi-
cult to model given the human behaviour element of socio-economic shocks and the
unpredictable nature of public health impacts. However, public research funding is being
directed towards modelling limited climate change-induced impact scenarios, such as
the CASCADES project. This EU-financed initiative will model trade and supply chains,
analysing the impact of acute and physical climate change-related hazards on agricul-
tural production, energy, and commodity markets. Combined with “macro-economic
modelling, qualitative political analysis, and strategic policy simulations’, this will enable
an assessment of areas of critical concern and potential solutions for Europe and beyond
(CASCADES, 2022).
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SECTION 5:

Ways in which
institutions can
use climate tools




5.1 Navigating climate risk: use cases

This section highlights use cases for the external employment of climate tools by Fls
to prepare and confront climate change. Firms gradually recognise the importance of
understanding and managing climate risks in their portfolios and operations in current
and future investments, along with capital allocation. Conducting in-house assess-
ments of climate risk currently requires considerable time, knowledge, and capital. As a
consequence, Fls are outsourcing climate analytic services to external companies that
help them measure climate risk and provide data, models, analysis, and methodologies.
These services are designed to help investors and other FlIs to understand, report, and
act on the financial risks and opportunities associated with climate risk in their portfo-
lios. In addition, they offer solutions that empower the integration of ESG across invest-
ment workflows and help users report against regulatory and stakeholder requirements
and policies.

By assessing climate risks, institutions can address drivers of vulnerability in their port-
folios to build adaptative capacity. As these evaluations are highly complex and lack
causality compared to conventional risk assessments, using climate risk tools can be
helpful. The goal is then to interpret these analyses and use the results in their busi-
ness activities and management to confront ongoing and future climate changes that
affect humanity on a global scale (European Commission, 2022). Below are the five most
common use case areas for businesses and industries:

= Assessing climate risks: identifying, measuring, and monitoring these risks

= Setting strategy: developing effective transition, resilience, and business operation
plans, and assessing alignment with those plans. If regularly applied, it also helps
to implement learning and/or updating of priors and beliefs, and to give support for
tracking the progress of implementing a strategy and targets over time

= Engaging with clients: supporting client transition plans to a Paris-aligned economy

= Assessing climate opportunities: identifying growth potential and new businesses

= Meeting regulatory and stakeholder requirements: releasing disclosures and conduct-
ing stress tests
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5.2 Exploring identified use cases
5.2.1 Assessing Climate Risks

Through continuous portfolio monitoring and modelling, tools for assessing climate risk
can be deployed to achieve risk identification, measurement, and monitoring. Fls will
understand the exposure and portfolio value changes under different assumptions or
scenarios and integrate the results into their risk management systems. Climate risk
tools can provide tailored analytics to understand where and to what extent their invest-
ments, operations, and downstream supply chains are likely to be exposed to climate
impacts (Carbon Plan, 2022).

a. Identifying climate-related exposure:

When identifying physical risks at the portfolio level, for example, the most commonly
adopted approach at present is site-specific analytics of real assets displayed through
geospatial mapping against hazards. Using geolocation to identify physical and sover-
eign assets, tool providers can show the precise locations of exposure risks anywhere
across the globe. This is a straightforward identification task as it typically requires only
a postal address or the latitude and longitude coordinates of the assets in the portfolio.
Other input categories can provide further granular detail of potential financial impacts.
These categories include current market value, square footage, facility type (office, resi-
dential, power plant, etc.), and date of a facility’s construction. Such data are typically
provided by the clients, rather than by the providers themselves.

Providers that leverage geospatial identification include Munich Re, XDI, S&P Global's
TCS, ISS ESG, Moody’s Climate Solutions, Planetrics, Aladdin Climate’s physical risk
calculations, and PwC's Climate Excellence Tool. Clear identification of hazard exposure
is made possible typically through colour-coded mapping, with darker shades of red and
orange being the common identifier of extreme hazard risks across different tempera-
ture scenarios. Beyond easily identifiable assets, such as office or residential buildings,
XDl and Munich Re also include hazard breakdown for critical infrastructure assets that
are not easily mapped. Examples of such assets include bridges, railroads, and high-
ways. Mapping difficulties represent an essential consideration when measuring supply
chain risks.

Although such approaches are currently widespread, recent research shows the prob-
lems inherent in applying global ‘top-down’ climate scenarios to explore financial risks
at geographical scales of relevance to Fls (e.g. city-scale) (Pitman et al., 2022). Their
findings suggest that bottom-up approaches that model acute risks (e.g. catastrophe
modelling and storylines) produce a more robust assessment of material risks relevant
to the financial sector. A small number of vendors are now providing climate risk models
that quantify the costs of damage and business interruption from climate change. To
do so, they use the hazard, exposure and vulnerability framework described in the previ-
ous section. Moody's RMS integrates the detailed, bottom-up catastrophe modelling
approach used in the re/insurance industry for the past 30 years, together with climate
model output and research. This approach is designed to produce forward-looking
climate risk models. An updated version of Moddy's Climate on Demand tool will be
released later in 2023.
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Identifying exposures to transition risks requires different criteria and is primarily done
through assessment of an asset’s sector, sub-sector, and geography. Tool providers
can identify at-risk assets within a portfolio with some information about the underly-
ing assets, usually by public securities classification coding like ISIN and NAICS (North
America only), along with the asset’s value, such as assets under management or market
value. Not all providers measure private equity, but some can establish proxies with
relatively little information. McKinsey's Planetrics, for instance, can estimate climate
impacts for private entities with information on the country name or code (ISO), sector
classification, and the value of holdings; as well as carrying out more specific analysis
where financial and/or emissions data is available for the entities. Tool providers display
transition risks in quantitative and qualitative portfolios, such as through negative or
positive financial impact contribution (in %) of the sector and sometimes the underlying
assets. For example, PwC's Climate Excellence Tool uses heatmaps to identify finan-
cial impacts from transition risks with breakdown by sector, region, and a sector-region
combination. It also offers a world map view that displays geographic-specific transition
risks and opportunities. Depending on the level of analysis, these identifications can be
broken down by individual asset contribution to the portfolio. Assets and portfolios can
also be compared side-by-side and overlay benchmarks provided by the vendor or the
user, respectively.

b. Measuring climate-related risks

A good starting point for FIs looking to measure climate-related risks and opportuni-
ties is evaluating carbon-related activities in their portfolios and operations. Valuable
metrics include: carbon footprints (Scope 1, 2, and possibly Scope 3, either on an abso-
lute or intensity basis); revenues from fossil fuels (brown shares) and green products
and services (green shares); temperature alignment scores; levels of fossil fuel reserves;
and stranded asset impact predictions. In addition to reporting on portfolio exposures
to carbon-related assets, identifying stranded asset risk can contribute to present-day
investment decisions to move capital away from fossil fuels to reduce portfolio risk and
contribute to a low-carbon economy.

After performing backward-looking measurements of climate risks, tool providers incor-
porate forward-looking assumptions through scenario analysis to fully encapsulate
future risks and opportunities. Translating potential climate scenarios into measurable
and decision-useful metrics are vital components of effective climate risk tools. These
financial impacts are commonly represented by cVaR (climate value-at-risk), which
estimates gains or losses in a portfolio corrected for various climate change scenar-
ios. Providers will convert climate risks and opportunities into quantifiable impacts to
balance sheets, such as those to company Earnings Before Interest, Tax, Depreciation,
and Amortisation (EBITDA) that reflect increases or decreases in operational costs
and projected sales figures. These impacts can be either stand-alone or aggregated on
multiple levels: individual assets, portfolio, and at the regional or country level. Provid-
ers measure EBITDA and cash flow impacts under different scenario assumptions that
include carbon price assumptions, either through a regional or global carbon price. Tool
providers will either use discounted or undiscounted cash flow models to reflect finan-
cial impacts. For example, BlackRock’'s Aladdin Climate uses a Capital Asset Pricing
Model that discounts 30 years to reflect equity impacts. MSCI introduced the annual
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undiscounted cost timesteps at the issuer level, which takes into account the absolute
costs or profits associated with sustainable models over a period of 20 distinct time-
steps. The cost timesteps are calculated annually for the next 15 years, as well as for
specific fixed years in the future, such as 2040, 2045, 2050, 2070, and 2100.

Financial impacts can be further incorporated into credit models to quantify the default
risk of counterparties existing in credit, investment, and trading transactions. Potential
parameters include climate-adjusted probability of default (PD), distance to default (DD),
and loss given default (LGD). Planetrics provides climate-stressed financial statements
that can be incorporated into existing scorecard models for Fl credit risk. Other financial
metrics can be estimated in potential climate catastrophes in physical risk scenarios.
Examples here include revenue loss, days of operational downtime, property damages,
and changes in macroeconomic factors, such as local GDP impacts, decreased trade,
and increases in unemployment. For insurers, another metric could be changes to a risk
premium rating.

c. Perform portfolio monitoring

Climate risk tools can continuously monitor portfolio’'s the exposure of an Fl's portfo-
lio to ongoing physical and transition hazards. For example, Munich Re provides live-
event assessments during natural disasters or extreme weather events to help measure
anticipated impacts as hazards evolve in real time. Similarly, Moody’s Climate Solutions
provides live-event quantification of the potential costs and damage impacts of such
events through its climate risk models. MSCI's Climate Lab Enterprise enables risk
management and scenario analysis portfolio monitoring, scalable from small institu-
tions to firms with millions of positions. It incorporates organisation-wide visibility of
investment strategies through dynamic dashboards.

XDI's Hub allows banks to monitor risks to mortgage portfolios whilst ensuring all
customer information remains ‘off system’, thus speeding up internal compliance
signoffs and on-boarding. A different form of monitoring by Moody’s Climate Solutions
measures risks to company ESG scores from daily news updates. This analysis, known
as climate controversy analysis, leverages third-party news to interrogate controver-
sies associated with individual companies, such as litigation or greenwashing claims.
It measures trends over time along with individual occurrences, which informs compa-
nies’ ESG scores. These scores are subsequently used as a screening mechanism. They
can represent a significant consideration in the short term as they have the capacity to
directly affect shareholder value and stock prices.

5.2.2 Strategy setting

Climate analytic services enable companies to adjust their operational strategies and
spot new business originations to be positioned for long-term success based on regional,
sectoral, or company-level risk assessment results. After identifying and evaluating the
risks and opportunities, Fls are better positioned as they can embed the relevant risks
and opportunities into their business strategies.
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a. Developing effective transition, resilience, and operation plans

Fls utilise climate risk solutions to track carbon footprints over time and establish
net-zero or emission targets from a present-day baseline. Throughout the implementa-
tion process, companies can compare across different implied temperature pathways
against their targets to measure their alignment, such as creation of a Paris Agree-
ment-aligned portfolio. Entelligent, for example, generates transition risk scores that
perform a gap analysis between business-as-usual forecasts and a Paris-aligned future.
Firms can use this analysis to strategise how to close the gap in intervals of two years
and merge their portfolio’s business-as-usual forecast to a 1.5°C Paris-alignment by
2050 and up to 2100.

Climate risk tools assist investing institutions and asset managers in building portfo-
lios with higher adaptive capacity and more resilience against physical and transition
risks, such as designing innovative sustainable finance products. Tool providers can help
banks and other financial firms to create products such as sustainability-linked loans,
for example. Banks studied in a recent World Resources Institute (WRI) working paper,
Banking Beyond Climate Commitments, mention that establishing a solid methodol-
ogy for collecting accurate GHG data represented a major barrier to creating innovative
sustainable finance products. This is where climate analytics can fill a gap in knowl-
edge and processes, allowing Fls to avoid creating costly and time-intensive internal
GHG data tracking system. An important consideration is that tool providers can have
different features that can be used for other use cases and strategies, depending on
client goals and needs. Providers such as WTW offer a range of solutions to develop
alongside clients for different levels of sophistication and objectives, from standardised
and straightforward to highly sophisticated and tailored to individual client strategies. Its
product offering includes data on climate transition risk metrics, an active management
research platform, and a passive equity portfolio and funds. It also offers consulting
services and bespoke solutions for the creation of tailored scenarios and analytical tools.

b. Assessing alignment with strategic plans

While tool providers can help firms develop strategic aims to align with a low-carbon
economy, they can also assess ongoing alignment thereafter. Implied temperature rise
(ITR) portfolio analysis is common to tool providers when assessing alignment. Ortec
Finance's ClimateALIGN methodology uses the same net-zero scenario as that used in
the ClimateMAPS risk tool. This allows users to assess their investment's climate risk
and climate impact using a consistent set of scenario assumptions.

Transition strategies can be initially high-level, such as committing to net-zero pledges
and broad alignment to the current and upcoming regulatory landscape. However, they
are expected to increase in ambition within the decade. Properly assessing alignment
to such strategies is a complex task and is both backward and forward-looking. First,
companies must consider their current contributions to carbon emissions through
flnanced emissions, in their operations, and increasingly downstream throughout their
whole value chain. The total volume of GHG emissions is a raw metric quantified on
an aggregate or intensity basis and is inherently backward-looking. The next step is to
convert these emissions into a forward-looking metric, such as an ITR score. This is
typically expressed in degrees Celsius. ClimateALIGN helps financial firms by creating
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a portfolio-specific temperature score and charts this against a net-zero-by-2050 path.
Ortec Finance's ClimateALIGN methodology for portfolio alignment is compliant with
recommendations from the TCFD'’s Portfolio Alignment Team (PAT) and GFANZ, origi-
nally developed with the Open-Source Climate (0S-Climate) initiative.

Similarly, ICE's tool uses forward-looking metrics as ITR scores and aligns them with PAT
recommendations from TCFD. Paris Alignment analysis through S&P Global's TCS simi-
larly tracks the portfolio’s alignment of goals to limit warming to 2°C above pre-industrial
levels, evaluating the adequacy of investments made over time to meet this target. It
utilises historical data and forward-looking assumptions in the medium term (2012-
2030), which minimises the uncertainties of using only forward-looking assumptions. In
addition to emissions, the tool measures alignment with the necessary energy mix to
achieve a 2°C future. However, ITR scores seem to be most appropriate for carbon-in-
tensive sectors rather than diversified portfolios. As such, they should be assessed in
conjunction with other types of analysis (FSB, 2020).

5.2.3 Engaging with clients

Given the special intermediary function of the financial sector, consideration needs to
be given by lenders, insurance underwriters, and investors in the financial market to the
climate alignment and climate risk management of their full value chain. As a result, Fls
must engage and support their clients, especially large corporates on their decarboni-
sation and financial needs. Climate analytics services help improve investment and risk
management by supporting the responsible monitoring of capital linked to an Fl's clients.
An FI can use climate risk results to perform collateral analysis and reconciliation of, for
example, cash flows and credit risks associated with its clients.

By conducting robust climate analysis, an FI can spread knowledge and dedication from
its workflows to its clients.

a. Supporting client transition plans to a Paris-aligned economy

CISL has developed a framework for best practices in bank-client engagement. It takes
a five-step approach: (i) setting the scene in understanding the client’s starting point; (ii)
assessing the gaps between their starting point and their climate ambitions; (iii) design-
ing a clear transition finance plan with appropriate metrics and targets; (iv) structuring
innovative financing solutions; and (v) monitoring progress and removing barriers to
long-term implementation (CISL 2021).
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Figure 9: The roadmap to a low carbon bank of 2030, from Bank 2030 (CISL, 2020).

Similarly, WRI takes a five-step approach in its recommendations for private-sector
banks to successfully engage their client’s integration of Paris alignment into their
business models. It highlights the necessity in a bank-client relationship to clearly
understand how, and within which time frame, the client will align itself with a net-zero
economy. If it appears impossible, the bank may consider screening out this particular
client (WRI, 2021). As part of the bank’s renewed business model, client engagement in
a Paris-aligned economy will necessitate a need for enhanced capabilities and internal

structures, as shown below:
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Figure 10: Elements of Paris-aligned client engagement (WRI, 2021).
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b. Mitigating risks

Fls equipped with climate risk identification and management tools are better positioned
to help mitigate risks in their client's businesses. Incorporating climate risks into tradi-
tional risk management frameworks is still in its initial stages. However, those Fls that
have managed to do so in their frameworks can build capacity for their clients, such
as enhancing scenario analysis to identify, assess, and mitigate risks. Where financial
firms can help their clients is in assisting them to prioritise the most critical risks to their
businesses, considering the specific nuances of each client’s individual circumstances.

The TCFD explains that climate-related risks have additional criteria to consider beyond
the traditional “likelihood and impact” of company risk management, which are “vulner-
ability” and “speed of onset” (TCFD, 2020). This is where climate analytic tools can be
beneficial. A toolkit of risk identification, assessment, and response tools might typically
include economic scenario generation, hazard mapping, probabilistic modelling, horizon
scanning, and scenario analysis over long time horizons. Such a toolkit equips FIs well
to assist their clients in adapting their existing risk management procedures so as to
include climate risk. Scenario analysis allows companies to prepare strategies for shifts
in policy and regulation, technology, markets, acute and chronic physical risk impacts
with varying speed, consistency, and geographic dispersion levels.

Nevertheless, in addition to medium- to long-term developments of climate risks, the
speed of onset of these risks can be rapid and unpredictable. This is notably the case
with acute physical risks such as sudden natural disasters, for instance. Real time anal-
ysis of operational and financial impacts can help absorb and mitigate these risks. As
mentioned previously, tool providers such as Munich Re can measure the financial
impacts of weather events as they occur, such as an evolving hurricane across the
South-eastern United States or a wildfire in Northern Australia.

5.2.4 Assessing climate opportunities

a. Identifying growth potential and new businesses

Although the bulk of analysis on climate change scenarios can focus on its associated
risks, there are also opportunities to be discovered through industries and companies
that will thrive in a low-carbon economy. With this transition, there will be a shift in
demand for new business models, products, and services. Net zero and other low-tem-
perature scenarios are based on assumptions of rapid decarbonisation across the major
polluting sectors of today’s economy. Therefore, when assessing the opportunities for
new business and potential growth, it is helpful to evaluate companies in the most pollut-
ing industries, such as power generation and transportation (WRI, 2022).

When projecting a net-zero economy in 2050, some sectors and industries are more
promising than others. For example, some of the winners of a low-carbon economy
are destined to be businesses that operate in renewable energy and electric vehicle
(EV) manufacturing. These can be identified through climate scenario analysis, quan-
tifled as increases in sales with direct contributions to the bottom-line. More specifi-
cally, MSCI measures transition opportunities through a low-carbon technology model,
where patent filings and current estimated low-carbon revenues are used as proxies for
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firm-level innovative capacity. Using the current revenue estimates as a baseline, “future
green revenues” are projected through the development and sale of low-carbon tech-
nologies under 3°C, 2°C, or 1.5°C scenarios. WTW takes a similar approach. In its case,
however, it considers future cashflows for each operating asset or line of business. This
enables investors to identify opportunities—including both enablers and accelerators—in
the net-zero transition.
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Figure 11: Identifying enablers and accelerators, inspired by WTW (UNEP FI, 2022).

As climate risk tool providers can project revenues and CAPEX as well as discounted
cash flows at the company and sector level, this provides Fls with a means to assess
opportunities for long-term investments. Besides social and shareholder pressures to
divest from polluting industries and businesses, investments in low-carbon companies
can represent good business opportunities in the long term and can avoid losses from
stranded assets. For instance, automotive companies that rely heavily on sales from
traditional internal combustion vehicles and do not have ambitious plans to switch to
EVs will suffer in net-zero and other low-temperature scenarios. Financial firms can
account for this by shifting financial flows to companies whose product lines are aligned
with a net-zero economy now, but more importantly over the long term.

5.2.5 Meeting regulatory and stakeholder requirements

The integration of climate assessment tools has proven to be a valuable asset in ensur-
ing compliance with supervisory expectations on risk management, stress testing,
scenario analysis and disclosure. Supervisory expectations relating to these have been
set by various regulators and policymakers throughout the world, including for example,
by the ECB in the Eurozone and the Prudential Regulation Authority (PRA), in the UK.
These expectations are likely to be yet further developed, whilst also increasingly backed
by enforcement action by supervisors. At the same time, such expectations are likely to
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become more prevalent, with a growing number of supervisors throughout the world
adopting similar requirements. This trend is likely to accelerate with the establishment
of a global baseline for climate disclosures, via the International Sustainability Stand-
ards Board, and their expected endorsement by the International Organisation of Securi-
ties Commissions. These regulatory drivers will ultimately mean that the use of climate
assessment tools will become increasingly essential to meet supervisory expectations
and ensure effective climate-related risk management.

a. Releasing disclosures:

Metrics that are useful for disclosure will become vital given the ongoing developments
to incorporate mandatory climate-related financial disclosures in various jurisdictions,
such as the EU, the United States, Australia, and Japan. The ISSB is developing a global
baseline sustainability disclosure standard, which is due to become effective starting
January 2024, which will force tool providers and financial firms to act quickly and in
sync. Voluntary TCFD-aligned reporting has become a popular climate transparency tool
for banks, and the ISSB will be influenced partially by the TCFD framework. In the future,
these required climate disclosures will become more granular and their inclusion will
be expected in companies’ annual reports. For example, the proposal by the SEC will
require US-listed companies to disclose any targets or commitments to climate goals,
impacts of climate change on financial statements, and GHG emissions data. Therefore,
providers will need to adjust their tools to be aligned with the most up-to-date require-
ments and have disclosures presentable in a format that is easily accessible in both a
public-facing and internal manner. Among those providers already active in this space
are Entelligent and ISS ESG, which offer TCFD-aligned reporting with specific metrics,
such as weighted average carbon intensities (WACIs) and exposure to carbon-re-
lated assets—one of the TCFD's recommendations for reporting by asset owners and
managers. S&P Global's TCS also provides useful disclosure information on the level
of carbon-related assets within a portfolio. In partnership S&P Global, Moody’s Analyt-
ics and McKinsey provide assistance, data, and analytics to support the SEC report-
ing requirement. With the help of tool providers, FIs can easily report the exposures of
their portfolios to business activities in extractive industries as well as their holdings in
companies that have identified fossil-fuel reserves.

b. Conducting stress tests and complying with supervisory risk management
expectations:

Banks will be expected to determine the main climate risk drivers on their risk profiles,
and they must do so over varying time horizons and scenarios (BIS, 2021). Banks can
use the generated outputs to ensure compliance with the supervisory requirements
outlined in existing frameworks, including stress testing capital levels under different
climate scenarios. Most recently, the Bank of International Settlements (BIS) issued
guidance on bank management of climate-related financial risks, laying out supervisory
expectations on banks. An increasing number of stress tests (including the recent FRB
exercise) are wanting to test the possible effect on a loan portfolio of specific events
such as a 100-year hurricane in the North-eastern United States in 2050 may have. This
follows similar approaches adopted by the re/insurance industry in recent years. Such
requirements will require event-based models that combine the principles of catastrophe
models with climate modelling covering multiple future scenarios and time horizons.
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Banks must therefore be prepared to conduct stress testing via scenario analysis to
measure their capital and liquidity adequacy in possible future climate outcomes. These
assessments should incorporate physical and transition risks relevant to their capital
and liquidity under different time horizons. The extent and complexity of these scenario
analyses will depend upon the bank’s size, systematic importance, and business model—
with larger and more complex banks expected to have more advanced capabilities.
Moreover, the ISSB confirmed in November 2022 that companies must use climate-re-
lated scenario analysis to adequately disclose their resilience and identify their risks and
opportunities.

As new regulatory requirements rapidly come into force in the coming years, banks must
move quickly to meet expectations. Not only can developing in-house methods for these
complex analyses take years, but climate scenarios are being updated all the time. As
a consequence, many banks have opted to partner with tool providers to bolster their

internal capabilities.
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Figure 12: Climate tools as part of supervisory stress test (Bank of England, 2021).
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5.3 Challenges institutions face in integrating the
results into their own processes

This section summarises some main challenges Fls commonly see when utilising the
results from climate tool providers, including the following:

Integrating climate

. Avoiding the ‘black-
risk assessment

box phenomenon’ and

results into operations
and finance-related
decision-making

potential litigation
risks

For many Fls that use climate analysis from outside firms, integrating results and analy-
sis into their operations and appropriate financial metrics for decision-making represents
a significant challenge. Depending on each vendor’s climate risk assessment metrics,
the initial results can appear excessively technical. This is especially the case when
they are not presented as financial parameters that can be directly embedded in finan-
cial reporting, existing workflows (such as credit modelling), or other streamlined deci-
sion-making processes. To avoid this confusion, FIs should be supported by the tool
providers in how to interpret and translate the results into clearer and more decision-use-
ful information. Throughout the process, Fls should upskill multiple levels of leadership
to help ensure the correct interpretation and utilisation of climate risk-related analytics.
Courses to facilitate this are offered by groups such as Moody’s Analytics Learning Solu-
tions. Climate tool users also need to establish governance, incentive, and internal risk
management structures that define the roles of each department in utilising climate risk
analytics results. These actions align with the TCFD's core recommendations, including
governance, strategy, and risk management, and demonstrate how TCFD pillars can all
interlink together.

Ensuring data quality with reasonable assumptions and rational approaches is another
challenge that Fls face when using an external party to perform their assessments. It
is vital for them to understand the vendors’ processes as they must communicate the
information to their customers and base key decisions on it. Imperfect data poses diffi-
culties for vendors when conducting the analysis. Consequently, it is common to use
inferred data, deploy proxy approaches, and add various assumptions to complete the
exercise. These steps rely on complex forms and estimates. Responsibility for the accu-
racy of these inputs is not always clear. As a result, it is necessary to ensure adequate
communications so that Fls are fully aware of the robustness of data and approaches
before using the results derived from them.

Finally, several Fls highlighted the importance of avoiding what is known as the ‘black-
box phenomenon’ when using third-party analyses. With increasing standardisation and
mainstreaming in the climate risk tool space, off-the-shelf products and services can
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bring convenience and litigation risks at the same time. To avoid alignment issues, tool
providers must be in touch with the latest regulatory requirements and be transparent
with their methodology’s limitations. At the same time, banks, insurers, investors, and
asset managers with overly complex processes should build their in-house expertise
to perform climate-related financial and economic decision-making rather than rely-
ing solely on external services. Moreover, a lack of internal knowledge acquisition can
impede the ability to capitalise on the opportunities presented by the transition process.
Without a thorough understanding of the potential business model adaptations that may
be necessary or advantageous, organisations will be unable to fully harness the oppor-
tunities presented (UNEP, 2022).
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As the landscape of climate analytics is rapidly changing, it would be of use for Fls

to take a structured approach to evaluate their options for a suitable tool provider.

In the attempt to provide such a framework, UNEP FI has developed a roadmap for
these assessments. This roadmap is based on consultation and conversations with
Fls, researchers, and climate analytical tool providers. A special thanks to Julia Bingler
(University of Oxford) and Chiara Colesanti Senni (University of Zurich), who have been
an important inspiration for this step-by-step approach. The hope and aim of this
roadmap are to help firms to make better decisions when choosing how to conduct
these assessments and when selecting which tool provider might best meet their
requirements. This roadmap captures decision points between institutional needs and
the tools' parameters as well as outputs. This offers an integrated procedure to evaluate
individual needs and then match it with different vendors’ offerings.
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A practical Roadmap for financial institutions looking to select a climate tool
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Figure 13: A Roadmap for Fls in choosing a climate risk assessment tool (UNEP FI, 2023).
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Conclusion

Since the 2021 Landscape Report publication and the Tool Supplement, there have been
a variety of new developments and updates to the climate risk assessment tool land-
scape that this research paper aims to summarise. Chapter 2 elaborates on the latest
regulatory signs of progress since COP26 and COP27, incorporating global develop-
ments, international appreciation of adaption finance tools, and expanding regulatory
requirements. Chapter 3 surveys the market, lists the available tools, and explains the
general trends observed, including movement towards integration of the goal of net zero
by 2050. It also comes with time horizon updates, reflections on the growing pressure
to be transparent, and the increasing focus on providing outputs and metrics that are
useful for decision-making and disclosure. Chapters 5 and 6 take a deeper dive into how
tool providers—both individually and on an integrated risk platform—assess physical and
transition risk in FIs’ portfolios. Chapter 7 then guides Fls on utilising climate analytics
tools, highlighting common use cases for banks and challenges faced in integrating
the results into their processes. Finally, Chapter 8 concludes the report with a roadmap
showing the steps that banks can take to choose a climate risk assessment tool.

While this paper captures the evolution of the risk assessment tool market, and the
evolution of the needs of banks, it ultimately acts as a snapshot. It reflects the current
needs and desires of Fls, what we know about climate change and our willingness to
respond to it, and lastly the current market for tool and model capabilities. These tools
are a support mechanism as they enable banks to identify polluting industries and
overall climate risks and opportunities in their portfolios, helping them reach ambi-
tious climate commitments. These tools and capabilities will continue to evolve in
the coming weeks, months, and years. Climate change research is dynamic, just like
the nature of climate change itself. Climate risk assessment tools must be updated
constantly to keep up with this dynamism; continuous research on this topic—such as
the 2027 Landscape Report, the Tool Supplement, and this paper—reflect this reality.
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https://www.unepfi.org/wordpress/wp-content/uploads/2021/02/UNEP-FI-The-Climate-Risk-Landscape.pdf
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Appendix

Appendix A: Overview of transition scenarios

Scenario Sector  Est. implied Basis
Provider temp. rise
IEA World NZE2050 (Net-zero | Energy 1.5°C Outlines the technology, policies, and
Energy Outlook | emissions by 2050) behaviour change necessary to bring
(WEOQ) about net-zero emissions by 2050 and
[updated annu- includes key energy related UN SDGs.
ally] SDS 2020 (Sustain- | Energy | 1.8°C (66%) Considers social (SDG) and climate
able Development 1.5°C (50%) goals
Scenario)
STEPS (Stated Poli- | Energy Around~2.5°C | Accounts for stated policies and
cies Scenario) measures in place or under develop-
ment in each sector (replaces the New
Policies Scenario, NPS)
APS (Announced All 1.7°C Assumes that governments will meet
Pledges Scenario) sectors fully and on-time all climate-related
commitments made, and includes
related pledges made by the private
sector and NGOs; does not achieve
outcomes targeted in SDS 2020.
Delayed Recovery Energy <2.7°C STEPS with a delayed recovery from
Scenario (DRS) pandemic
IEA Energy 2DS (2 Degrees Energy 2°C Rapid decarbonisation pathway in line
Technology Scenario) with the Paris Agreement
Perspectives .
(ETP) B2DS (Beyond 2 Energy 1.75°C Includes the extent of clean energy
9020 rel Degrees Scenario) technologies if pushed to their practical
]E 020 4re ease limits, in line with ambitious aspirations
eeds mto SDS of the Paris Agreement
scenario]
RTS (Reference Energy 2.75°C Takes into account existing energy and
Technology climate-related pledges, including NDCs.
Scenario)
IPCC RCP (Representa- All 1.0°C (RCP 2.6) | RCPs outline pathways according to
tive Concentration | sectors | 1 goc (RCP 4.5) | different levels of radiative forcing in the
Pathways) 22°C (RCP 6.0) CMIP5
3.7°C (RCP 8.5)
IPCC SR15 All 1.5°C Set of P1-4 pathways to meet 1.5°C
sectors target, building on RCP 1.9

The 2023 Climate Risk Landscape

Contents | Appendix

68



Scenario Sector  Est. implied
Provider temp. rise
IPCC AR6 All 1.6°C (SSP1- Assesses results from the CMIP6 proj-
sectors 1.9) ect in 5 SSP scenarios, with a broader
1.7°C (SSP1- range of GHG, land-use, air-pollutant
2.6) futures than AR5, and accounts for
2.0°C (SSP2- solar activity and background forcing
from volcanoes
4.5)
2.1°C (SSP3-
7.0)
2.4°C (SSP5-
8.5)
(mid-term
estimates
2041-2060)
NGFS Orderly (NZ 2050 All 1.4°C (NZ Transition Risks include policy reactions,
and Below 2°C) sectors | 2050) technology change, CO, removal, and
1.6°C (Below regional policy variation. Both orderly
2°C) and disorderly have alternate scenarios
with limited or full CDR
Disorderly (Diver- All 1.4°C (Diver- Higher transition risk than for Orderly
gent NZ and sectors | gent NZ) scenario
Delayed Transition) 1.6°C (Delayed
Transition)
Hot-house World All 2.6°C (NDCs) Only current policies implemented, not
(NDCs and Current | sectors | 3°c+ (Current NDCs, i.e. equivalent to IEA STEPS
Policies) Policies)
OECM One Climate Earth All 1.5°C 1.5°C trajectory in 10 world regions
Model (OECM 1.0) sectors without the continued use of fossil fuels
OECM 2.0 (2022) Sectoral decarbonisation pathways
and targets broken into Scope 1, 2, and
3 for industry sectors defined by CIGS
standard
UNPRI Inev- Forecast Policy All 1.8°C Based on the anticipated policy
itable Policy Scenario sectors response to meeting the Paris Agree-
Response (IPR) ment and subsequent impact on
emissions reduction and temperature
outcomes
Forecast Policy All Currently no Focused on climate policy trends and
Scenario + Nature sectors | agreed upon their interaction with land use, including
target for biodi- | nature-related policy action.
versity levels
analogous to
1.5°C
Required Policy All 1.5°C Current assessment of future policy
Scenario sectors developments needed to deliver 1.5°C
outcome
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Appendix B: Financial and macroeconomic data variables for
risk assessment
Balance sheet data

Capital
adequacy

Assets and
liabilities

Management

Earnings

Liquidity

Sensitivity to
risk

Primary capital
Total capital
Total loans and credit growth

Adjusted assets

Total assets

Gross assets

Nonperforming loans
Non-interest-accruing assets
Restructuring loans
Charged-off loans
International asset position by
countries or by regions

Construction loans
Agricultural loans
Loans past due

Loans to bank insiders
Management overhead

Net interest income
Returns

Liquidity coverage ratio
Net loans

Total income from interest
rates

Change in interest rate income
Change in total assets
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Balance sheet data

National
accounts

Physical
capital

Household
consumption

Informal
sector

Regional
GDP/GVA

Labour and
productivity

Trade flow

Government
spending and
revenue

Current accounts
Financial accounts
Capital accounts
Balance sheets

Stock of physical capital (in
value and in volume, i.e., in
current price and constant
price

Physical capital depreciation
rate

Household final consumption
by sector

Contribution of informal sector
to GDP

Number of households work-
ing in the informal sector

Regional GDP/GVA (including
sector breakdown)

Mean/median wage, by sector
and region

Mean/median hours worked,
by sector and region
Employment rate by actor
Number of jobs by sector

Import/export tables by sector
(in value and in volume)

Aggregate public investment
Total assistance and transfer
to households

Tax revenue by source
(income, capital gains, sales/
consumption, tariffs/duties)
Bond issuance (volume)
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Appendix C: Example analysis structure, deterministic, from ETH Zurich

Temperature limit
eg.1.5°C

The 2023 Climate Risk Landscape
Contents | Appendix

Socio-economic assumptions
e.g. CCS amount, IPCC's SSPs

Climate Transition Model
e.g. REMIND-MAGgPIE, IEA WEO-WEM/IEA ETP

Model output
Transition scenario(s)
e.g. REMIND-MAGGgPIE, IEA B,DS

I

Top-down elements

Bottom-up elements

Macroeconomic Model

Technology Model

Model Output
e.g. GDP change, Demand changes

Model Output
e.g. Technology investments,

technology mix change

< Firm-level economic climate risk indicators
e.g. Emission-intensive revenues, Low-emission CAPEX
A 4 A

>

y

Macroeconomic Model Firm-level analysis Model

Model Output
e.g. firm profits (revenues and costs) changes

A 4

Financial Model

Model output
e.g. Change in expected returns, credit risk

Climate-adjusted financial risk indicator
e.g. climate-adjusted VaR, climate-adjusted PD

Climate science

Economics

Finance
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Appendix D: Shared Socioeconomic Pathways in the IPCC Sixth

Assessment Report

Near term, 2021-2040

Mid-term, 2041-2060

Long term, 2081-2100

Scenario Best Very likely Best Very likely Best Very likely
estimate range (°C) estimate range (°C) estimate range (°C)
(°C) (°C) (°C)
SSP1-1.9 1.5 12t01.7 1.6 121020 1.4 1.0t01.8
SSP1-2.6 1.5 1.2t01.8 1.7 1.3t022 1.8 131024
SSP2-4.5 1.5 12t01.8 2.0 1.6t02.5 2.7 21t03.5
SSP3-7.0 1.5 1.2t01.8 2.1 1.7t02.6 3.6 2.8t04.6
SSP5-8.5 1.6 1.3t101.9 2.4 19t03.0 4.4 3.3t05.7
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Appendix E: Scenarios included in CMIP6 (Frazier et al.)

IPCC Description Estimated

scenarios warming
2041-60, °C

Historical Simulation of climate variables from the recent past from 1850 to 2014. N/A
These predictions are from a coupled atmosphere-ocean general circulation
model (AOGCM) using observed variables such as atmospheric composition,
land use, and solar forcing. The historical simulation can be used to evaluate
model performance against present climate and observed climate change.

SSP1-1.9 Based on SSP1 with low climate change mitigation and adaptation chal- 1.6
lenges that lead to a future pathway with a radiative forcing of 1.9 W/ m?in
the year 2100. The SSP1-1.9 scenario fills a gap at the very low end of the
range of plausible future forcing pathways, due to interest in informing a
possible goal of limiting global mean warming to 1.5°C above pre-industrial
levels based on the Paris COP21 agreement.

SSP1-2.6 Based on SSP1 with low climate change mitigation and adaptation chal- 1.7
lenges that lead to a radiative forcing of 2.6 W/ m?in the year 2100. The
SSP1-2.6 scenario represents the low end of plausible future forcing path-
ways. SSP1-2.6 depicts a "best case” future from a sustainability perspective.

SSP4-3.4 Based on SSP4 in which climate change adaptation challenges dominate N/A
that leads to a radiative forcing of 3.4 W/ m?in the year 2100. The SSP4-3.4
scenario fills a gap at the low end of the range of plausible future forcing
pathways. SSP4-3.4 is of interest to mitigation policy since mitigation costs
differ substantially between forcing levels of 4.5 W/m? and 2.6 W/m?2.

SSP5-3.40S | Based on SSP5 in which climate change mitigation challenges dominate with | N/A
a peak and decline in forcing towards an eventual radiative forcing of 3.4 W/
m? in the year 2100. The SSP5-3.40S scenario branches from SSP5-8.5

in the year 2040 whereupon it applies substantially negative net emissions.
SSP5-3.40S explores the climate science and policy implications of a peak
and decline in forcing during the 215t century. SSP5-3.40S fills a gap in
existing climate simulations by investigating the implications of a substantial
overshoot in radiative forcing relative to a longer-term target.

SSP2-4.5 Based on SSP2 with intermediate climate change mitigation and adaptation 2
challenges that lead to a radiative forcing of 4.5 W/m?in the year 2100. The
SSP2-4.5 scenario represents the medium part of plausible future forcing
pathways. SSP2-4.5 is comparable to the CMIP5 experiment RCP4.5.

SSP4-6.0 SSP4-6.0 is based on SSP4 in which climate change adaptation challenges N/A
dominate and RCP6.0 that lead to a radiative forcing of 6.0 W/m?2in the year
2100. The SSP4-6.0 scenario fills in the range of medium plausible future
forcing pathways. SSP4-6.0 defines the low end of the forcing range for
unmitigated SSP baseline scenarios.

SSP3-7.0 Based on SSP3 in which climate change mitigation and adaptation chal- 2.1
lenges are high, which leads to a radiative forcing of 7.0 W/m? in the year
2100. The SSP3-7.0 scenario represents the medium to high end of plausible
future forcing pathways. SSP3-7.0 fills a gap in the CMIP5 forcing pathways
that is particularly important because it represents a forcing level common to
several (unmitigated) SSP baseline pathways.

SSP5-8.5 SSP5-8.5is based on SSP5 in which climate change mitigation challenges 2.4
dominate that lead to a radiative forcing of 8.5 W/ m?in the year 2100. The
SSP5-8.5 scenario represents the high end of plausible future forcing path-
ways. SSP5-8.5 is comparable to the CMIP5 experiment RCP8.5.
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Appendix F: Working Group Il Contribution to the IPCC AR6 Report, ‘Risk Propeller’

From climate risk to climate resilient development: climate, ecosystems (including biodiversity) and human society as coupled systems

(a) Main interactions and trends

Climate Change
causes
Impacts and Risks

Human Society £

F
Limits to adaptation
Losses and damages

Ecosystems
" including biodiversity
Limits to adaptation

; Losses and damages
SNV
L0nseryes, restore

N ey

Ecosystem 5e

The risk propeller shows that risk emerges from the overlap of:

@ climate hazard(s) | @ vulnerability

Exposure |

..of human systems, ecosystems and their biodiversity
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From urgent to
timely action
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Governance
Finance
Knowledge and capacity
Catalysing conditions
Technologies

(b} Options to reduce climate risks and establish resilience

Future Climate Change
Limiting Global Warming

Climate Resilient

Development
Human health & well-being
equity, justice

Ecosystem health

Human Systems
Planetary health -
F

Transitions

Ecosystems
Transitions
Land | Freshwater
Coastal | Ocean

Ecosystems and
their biodiversity

Societal | Energy > 4
Industry | Urban, Rural il

& Infrastructure :
S—impat_W

L0nserye, restol®
s, e
Vstem pased approd®
rovision o

ey
“thoogs, Ecosystem 5"

74



References

2DII (2022). 2° investing, 2° Investing. Available at: 2dinvesting.com/pacta

Dosio, A., Mentaschi, L., Fischer, E. and Wyser, K. (2018). “Extreme Heat Waves under
1.5°C and 2°C Global Warming,” Environmental Research Letters. Vol. 13 (5), p. 054006.
publications.jrc.ec.europa.eu/repository/handle/JRC108180.

Bank of England (n.d.). Climate-related financial risk management and the role of capi-
tal requirements. [online] Available at: bankofengland.co.uk/-/media/boe/files/pruden-
tial-regulation/publication/2021/october/climate-change-adaptation-report-2021.
pdf?la=en&hash=FF4A0C618471462E10BC704D4AA58727EC8F8720.

Basar, S. (2022). ICE acquires urgentem for climate risk offering, Markets Media. Available
at: marketsmedia.com/ice-acquires-urgentem-for-climate-risk-offering.

Battiston, S. Mandel, A., Monasterolo, |., Schitze, F. & Visentin, G. (2017). “A climate
stress-test of the financial system,” Nature climate change, Vol. 7(4), pp. 283-288. nature.
com/articles/nclimate3255.

Berrill, P, Wilson, E., Reyna, J., Fontanini, A. & Hertwich, E. (2022). “Decarbonization path-
ways for the residential sector in the United States,” Nature climate change, Vol. 12(8), pp.
712-718. nature.com/articles/s41558-022-01429-y.

Bingler, J. A. and Colesanti Senni, C. (2020). “Taming the Green Swan: How to improve
climate-related financial risk assessments, CER-ETH—Center of Economic Research at
ETH Zurich.

Bingler, J. A, Colesanti Senni, C. and Monnin, P. (2020). “Climate financial risks: Assess-
ing convergence, exploring diversity,” CEP Discussion Notes 2020/6. Available at: ssrn.
com/abstract=3826413.

Bingler, J. A, Colesanti Senni, C. and Monnin, P. (2022). “Understand what you measure:
Where climate transition risk metrics converge and why they diverge.” Finance Research
Letters, Vol. 50, p. 103265. sciencedirect.com/science/article/pii/S1544612322004561.

BIS (2021). Climate-related risk drivers and their transmission channels. Available at: bis.
org/bcbs/publ/d517.pdf.

BIS (2022). Principles for the effective management and supervision of climate-related
financial risks. Basel Committee on Banking Supervision. Available at: bis.org/bcbs/publ/
d532.pdf.

Carbon Plan (2022). Why climate data matters to climate-related financial risk assess-
ments. Available at: carbonplan.org/research/data-financial-risk.

CASCADES (2022). “Lessons from the final CASCADES stakeholder workshop”. Available
at: cascades.eu/lessons-from-the-final-cascades-stakeholder-workshop.

The 2023 Climate Risk Landscape 75
Contents | References



http://dinvesting.com/pacta
https://publications.jrc.ec.europa.eu/repository/handle/JRC108180
https://www.bankofengland.co.uk/-/media/boe/files/prudential-regulation/publication/2021/october/climate-change-adaptation-report-2021.pdf?la=en&hash=FF4A0C618471462E10BC704D4AA58727EC8F8720
https://www.bankofengland.co.uk/-/media/boe/files/prudential-regulation/publication/2021/october/climate-change-adaptation-report-2021.pdf?la=en&hash=FF4A0C618471462E10BC704D4AA58727EC8F8720
https://www.bankofengland.co.uk/-/media/boe/files/prudential-regulation/publication/2021/october/climate-change-adaptation-report-2021.pdf?la=en&hash=FF4A0C618471462E10BC704D4AA58727EC8F8720
https://www.marketsmedia.com/ice-acquires-urgentem-for-climate-risk-offering
https://www.nature.com/articles/nclimate3255
https://www.nature.com/articles/nclimate3255
https://www.nature.com/articles/s41558-022-01429-y
https://ssrn.com/abstract=3826413
https://ssrn.com/abstract=3826413
https://www.sciencedirect.com/science/article/pii/S1544612322004561
https://www.bis.org/bcbs/publ/d517.pdf
https://www.bis.org/bcbs/publ/d517.pdf
https://www.bis.org/bcbs/publ/d532.pdf
https://www.bis.org/bcbs/publ/d532.pdf
https://carbonplan.org/research/data-financial-risk
https://www.cascades.eu/lessons-from-the-final-cascades-stakeholder-workshop

CISL (2021). Achieving Net Zero Business 2050 Guidance for keeping your organization
on target Let's Discuss Climate: The essential guide to bank-client engagement. [online]
Available at: cisl.cam.ac.uk/system/files/documents/lets-discuss-climate-guide-to-bank-
climate-engagement-cisl-may-2021.pdf

Climate Neutral Group (2021). Five future scenarios AR6 IPCC, Climate Neutral Group.
Available at: climateneutralgroup.com/en/news/five-future-scenarios-aré-ipcc/

Climate Matters (2022). "RCP-8.5: Business-As-Usual or Unrealistic Worst-Case? The
contested interpretation of climate change scenarios.” July. Available at: climatematters.
blogs.uni-hamburg.de/2022/07/rcp-8-5-business-as-usual-or-an-unrealistic-worst-case.

ESG Enterprise (2021). “EU Taxonomy regulation & disclosure requirements guide,” ESG
Enterprise, 15 June. Available at: esgenterprise.com/esg-reporting/eu-taxonomy-regula-
tion-disclosure-requirements-guide/

European Commission (n.d.). EU taxonomy for sustainable activities. [online] Available
at: finance.ec.europa.eu/sustainable-finance/tools-and-standards/eu-taxonomy-sustain-
able-activities_en.

European Commission (2022). Climate Risk Assessments. Available at: bankingsuper-
vision.europa.eu/ecb/pub/pdf/ssm.climate_stress_test_report.20220708~2e3cc0999f.

en.pdf
FAO (2022). The FAO Climate Risk Toolbox (CRTB). Available at: data.apps.fac.org/crtb/

Financial Conduct Authority (2018). Climate Change and Green Finance Discussion Paper.
Available at: fca.org.uk/publication/discussion/dp18-08.pdf.

Financial Conduct Authority (2021a). Climate financial risk forum guide 20217 case studies
on climate action. Available at: fca.org.uk/publication/corporate/climate-financial-risk-
forum-guide-2021-case-studies.pdf.

Financial Conduct Authority (2021b). Risk Management Use Cases. Available at: fca.org.
uk/publication/corporate/climate-financial-risk-forum-quide-2021-risk-managment-use-

cases.pdf.

FSB (2020). Task Force on Climate-related Financial Disclosures Forward-Looking Finan-
cial Sector Metrics Consultation. Available at: fsb.org/wp-content/uploads/P291020-4.

pdf

GFANZ (2022a). GFANZ 2022 Progress Report. Available at: assets.bbhub.io/company/
sites/63/2022/10/GFANZ-2022-Progress-Report.pdf.

GFANZ (2022b). Recommendations and Guidance on Financial Institution Net zero Tran-
sition Plans. Available at: assets.bbhub.io/company/sites/63/2022/09/Recommenda-
tions-and-Guidance-on-Financial-Institution-Net-zero-Transition-Plans-November-2022.

pdf.

Hausfather, Z. (2019). CMIP6: the next generation of climate models explained, Carbon
Brief. Available at: carbonbrief.org/cmip6-the-next-generation-of-climate-models-ex-

plained.

The 2023 Climate Risk Landscape 76
Contents | References



https://www.cisl.cam.ac.uk/system/files/documents/lets-discuss-climate-guide-to-bank-climate-engagement-cisl-may-2021.pdf
https://www.cisl.cam.ac.uk/system/files/documents/lets-discuss-climate-guide-to-bank-climate-engagement-cisl-may-2021.pdf
https://www.climateneutralgroup.com/en/news/five-future-scenarios-ar6-ipcc/
https://climatematters.blogs.uni-hamburg.de/2022/07/rcp-8-5-business-as-usual-or-an-unrealistic-worst-case
https://climatematters.blogs.uni-hamburg.de/2022/07/rcp-8-5-business-as-usual-or-an-unrealistic-worst-case
https://www.esgenterprise.com/esg-reporting/eu-taxonomy-regulation-disclosure-requirements-guide/
https://www.esgenterprise.com/esg-reporting/eu-taxonomy-regulation-disclosure-requirements-guide/
https://finance.ec.europa.eu/sustainable-finance/tools-and-standards/eu-taxonomy-sustainable-activities_en
https://finance.ec.europa.eu/sustainable-finance/tools-and-standards/eu-taxonomy-sustainable-activities_en
https://www.bankingsupervision.europa.eu/ecb/pub/pdf/ssm.climate_stress_test_report.20220708~2e3cc0999f.en.pdf
https://www.bankingsupervision.europa.eu/ecb/pub/pdf/ssm.climate_stress_test_report.20220708~2e3cc0999f.en.pdf
https://www.bankingsupervision.europa.eu/ecb/pub/pdf/ssm.climate_stress_test_report.20220708~2e3cc0999f.en.pdf
https://data.apps.fao.org/crtb/
https://www.fca.org.uk/publication/discussion/dp18-08.pdf
https://www.fca.org.uk/publication/corporate/climate-financial-risk-forum-guide-2021-case-studies.pdf
https://www.fca.org.uk/publication/corporate/climate-financial-risk-forum-guide-2021-case-studies.pdf
https://www.fca.org.uk/publication/corporate/climate-financial-risk-forum-guide-2021-risk-managment-use-cases.pdf
https://www.fca.org.uk/publication/corporate/climate-financial-risk-forum-guide-2021-risk-managment-use-cases.pdf
https://www.fca.org.uk/publication/corporate/climate-financial-risk-forum-guide-2021-risk-managment-use-cases.pdf
https://www.fsb.org/wp-content/uploads/P291020-4.pdf
https://www.fsb.org/wp-content/uploads/P291020-4.pdf
https://assets.bbhub.io/company/sites/63/2022/10/GFANZ-2022-Progress-Report.pdf
https://assets.bbhub.io/company/sites/63/2022/10/GFANZ-2022-Progress-Report.pdf
https://assets.bbhub.io/company/sites/63/2022/09/Recommendations-and-Guidance-on-Financial-Institution-Net-zero-Transition-Plans-November-2022.pdf
https://assets.bbhub.io/company/sites/63/2022/09/Recommendations-and-Guidance-on-Financial-Institution-Net-zero-Transition-Plans-November-2022.pdf
https://assets.bbhub.io/company/sites/63/2022/09/Recommendations-and-Guidance-on-Financial-Institution-Net-zero-Transition-Plans-November-2022.pdf
http://www.carbonbrief.org/cmip6-the-next-generation-of-climate-models-explained
http://www.carbonbrief.org/cmip6-the-next-generation-of-climate-models-explained

Hausfather, Z. and Peters, G. (2020). “Emissions—the ‘business as usual’ story is
misleading,” Nature, Vol. 577(7792), pp. 618-620. nature.com/articles/d41586-020-
00177-3.

IEA (2019). World Energy Outlook—Topics. [online] Available at: iea.org/topics/world-en-
ergy-outlook.

IEA (2021). A closer look at the modelling behind our global Roadmap to Net Zero Emis-
sions by 2050. Available at: iea.org/commentaries/a-closer-look-at-the-modelling-be-
hind-our-global-roadmap-to-net-zero-emissions-by-2050

IEA (2022a). An updated roadmap to Net Zero Emissions by 2050—World Energy Outlook
2022—Analysis, IEA. Available at: iea.org/reports/world-energy-outlook-2022/an-updat-
ed-roadmap-to-net-zero-emissions-by-2050

IEA (2022b). Net Zero by 2050—A Roadmap for the Global Energy Sector. Available at:
iea.blob.core.windows.net/assets/deebef5d-0c34-4539-9d0c-10b13d840027/NetZero-
by2050-ARoadmapfortheGlobalEnergySector_CORR.pdf.

IFAD (2022). Why climate finance matters: Your questions answered. Available at: ifad.
org/en/web/latest/-/why-climate-finance-matters-your-questions-answered

IFRS (2022). G7 reiterates commitment to mandatory climate disclosures and welcomes
the ISSB's work on global baseline. October. Available at: ifrs.org/news-and-events/
news/2022/10/g7-reiterates-commitment-to-mandatory-climate-disclosures-and-wel-
comes-the-issbs-work-on-global-baseline.

IMF (2027). World Economic Outlook, October 2021. [online] Available at: imf.org/en/
Publications/WEOQO/Issues/2021/10/12/world-economic-outlook-october-2021.

IPCC (2014). Climate Change 2014 Synthesis Report. Available at: ipcc.ch/site/assets/
uploads/2018/02/SYR_ARS_FINAL_full.pdf.

IPCC (2022). Climate Change 2022: Impacts, Adaptation and Vulnerability. [online] ipcc.
ch. Available at: ipcc.ch/report/ar6/wg?2/.

IPCC (2022). Climate Change 2022 Sixth Assessment Report. Available at: ipcc.ch/report/
ar6/wg3/downloads/report/[PCC_AR6_WGIII_SPM.pdf.

IPCC (n.d.). Headline Statements from the Summary for Policymakers. [online] Available
at: report.ipcc.ch/arowg3/pdf/IPCC_AR6_WGIII_HeadlineStatements.pdf.

IRENA (2022). World energy transitions outlook 2022, Irena.org. Available at: irena.org/
Digital-Report/World-Energy-Transitions-Outlook-2022

ISSB (2022). International Sustainability Standards Board. Available at: ifrs.org/groups/
international-sustainability-standards-board/

Kalkuhl, M. and Wenz, L. (2020). “The impact of climate conditions on economic produc-
tion. Evidence from a global panel of regions,” Journal of environmental economics and
management, Vol. 103(102360), p. 102360. doi: 10.1016/j.jeem.2020.102360.

Kenton, W. (2003). What is a black box model? Definition, uses, and examples, Investope-
dia. Available at: investopedia.com/terms/b/blackbox.asp

LGIM (2022). Investment stewardship & governance, Lgim.com. Available at: [gim.com/
uk/en/capabilities/investment-stewardship/

The 2023 Climate Risk Landscape 77
Contents | References



https://www.nature.com/articles/d41586-020-00177-3
https://www.nature.com/articles/d41586-020-00177-3
https://www.iea.org/topics/world-energy-outlook
https://www.iea.org/topics/world-energy-outlook
https://www.iea.org/commentaries/a-closer-look-at-the-modelling-behind-our-global-roadmap-to-net-zero-emissions-by-2050
https://www.iea.org/commentaries/a-closer-look-at-the-modelling-behind-our-global-roadmap-to-net-zero-emissions-by-2050
https://www.iea.org/reports/world-energy-outlook-2022/an-updated-roadmap-to-net-zero-emissions-by-2050
https://www.iea.org/reports/world-energy-outlook-2022/an-updated-roadmap-to-net-zero-emissions-by-2050
https://iea.blob.core.windows.net/assets/deebef5d-0c34-4539-9d0c-10b13d840027/NetZeroby2050-ARoadmapfortheGlobalEnergySector_CORR.pdf
https://iea.blob.core.windows.net/assets/deebef5d-0c34-4539-9d0c-10b13d840027/NetZeroby2050-ARoadmapfortheGlobalEnergySector_CORR.pdf
https://www.ifad.org/en/web/latest/-/why-climate-finance-matters-your-questions-answered
https://www.ifad.org/en/web/latest/-/why-climate-finance-matters-your-questions-answered
https://www.ifrs.org/news-and-events/news/2022/10/g7-reiterates-commitment-to-mandatory-climate-disclosures-and-welcomes-the-issbs-work-on-global-baseline
https://www.ifrs.org/news-and-events/news/2022/10/g7-reiterates-commitment-to-mandatory-climate-disclosures-and-welcomes-the-issbs-work-on-global-baseline
https://www.ifrs.org/news-and-events/news/2022/10/g7-reiterates-commitment-to-mandatory-climate-disclosures-and-welcomes-the-issbs-work-on-global-baseline
https://www.imf.org/en/Publications/WEO/Issues/2021/10/12/world-economic-outlook-october-2021
https://www.imf.org/en/Publications/WEO/Issues/2021/10/12/world-economic-outlook-october-2021
https://www.ipcc.ch/site/assets/uploads/2018/02/SYR_AR5_FINAL_full.pdf
https://www.ipcc.ch/site/assets/uploads/2018/02/SYR_AR5_FINAL_full.pdf
http://www.ipcc.ch
http://www.ipcc.ch
https://www.ipcc.ch/report/ar6/wg2/
https://www.ipcc.ch/report/ar6/wg3/downloads/report/IPCC_AR6_WGIII_SPM.pdf
https://www.ipcc.ch/report/ar6/wg3/downloads/report/IPCC_AR6_WGIII_SPM.pdf
https://report.ipcc.ch/ar6wg3/pdf/IPCC_AR6_WGIII_HeadlineStatements.pdf
http://Irena.org
https://www.irena.org/Digital-Report/World-Energy-Transitions-Outlook-2022
https://www.irena.org/Digital-Report/World-Energy-Transitions-Outlook-2022
https://www.ifrs.org/groups/international-sustainability-standards-board/
https://www.ifrs.org/groups/international-sustainability-standards-board/
https://www.investopedia.com/terms/b/blackbox.asp
http://Lgim.com
https://www.lgim.com/uk/en/capabilities/investment-stewardship/
https://www.lgim.com/uk/en/capabilities/investment-stewardship/

Lloyds (2017). Stranded assets, Lloyds.com. Available at: [loyds.com/strandedassets

Mazars (2022). Changes to the NGFS's benchmark climate scenarios, Mazars.co.uk.
Available at: mazars.co.uk/Home/Industries/Financial-Services/Regulatory-Insights/
Changes-to-the-NGFS-s-benchmark-climate-scenarios

McKinsey (2022). McKinsey Sustainability and Moody’s Analytics join forces to help
banks build climate resilience, Mckinsey.com. Available at: mckinsey.com/about-us/
new-at-mckinsey-blog/mckinsey-sustainability-and-moodys-analytics-join-forc-
es-to-help-banks-build-climate-resilience

Mountford, H., Waskow, D., Gonzalez, L., Gajjar, C., Cogswell, N., Holt, et al. (2021).
‘COP26: Key outcomes from the UN climate talks in Glasgow.” Available at: wri.org/
insights/cop26-key-outcomes-un-climate-talks-glasgow

MSCI (2022). ESG and Climate Trends to Watch for 2023. Available at: msci.com/docu-
ments/1296102/35124068/ESG+and+Climate+Trends+to+Watch+for+2023.pdf

Net Zero Tracker. (n.d.). Net Zero Stocktake 2022. [online] Available at: zerotracker.net/
insights/pr-net-zero-stocktake-2022.

NGFS (2021a). Climate-related litigation: Raising awareness about a growing source
of risk. Technical document. [online] Available at: nafs.net/sites/default/files/medias/
documents/climate_related_litigation.pdf

NGFS (2021b). Scenarios in Action. A progress report on global supervisory and central
bank climate scenario exercises. [online] Available at: scenarios-in-action-a-progress-re-
port-on-global-supervisory-and-central-bank-climate-scenario-exercises.pdf (ngfs.net)

NGFS (2021¢). NGFS Climate Scenario Database Technical Documentation V2.2. Avail-
able at: ngfs_climate_scenarios_technical_documentation__phase?_june2021.pdf

NGFS (2022a). NGFS Scenarios for central banks and supervisors. Available at: ngfs.net/
sites/default/files/medias/documents/ngfs_climate_scenarios_for_central_banks_and_
supervisors_.pdf.pdf.

NGFS (2022b). Climate Scenarios Database Technical Documentation V/3.1. Available at:
ngfs.net/sites/default/files/media/2022/11/21/technical_documentation_ngfs_scenar-
ios_phase_3.pdf.

NGFS (2022c). Physical climate risk assessment: Practical lessons for the development
of climate scenarios with extreme weather events from emerging markets and developing
economies. Available at: ngfs.net/sites/default/files/media/2022/09/02/ngfs_physical_
climate_risk_assessment.pdf

Ocean Health Index (2022). CMIP-6: Predicting future climate change. Available at: ocean-
healthindex.org/news/cmip_1_what_is_this/

Pitman, A. (2022). Acute Climate risks in the financial system: examining the utility of
climate model projections. Available at: iopscience.iop.org/article/10.1088/2752-5295/
ac856f

PRI (2022). The inevitable policy response: 2022 Quarterly Forecast Trackers. Available at:
unpri.org/inevitable-policy-response/the-inevitable-policy-response-2022-quarterly-fore-
cast-trackers/9910.article.

The 2023 Climate Risk Landscape 78
Contents | References



http://Lloyds.com
http://www.lloyds.com/strandedassets
http://Mazars.co.uk
https://www.mazars.co.uk/Home/Industries/Financial-Services/Regulatory-Insights/Changes-to-the-NGFS-s-benchmark-climate-scenarios
https://www.mazars.co.uk/Home/Industries/Financial-Services/Regulatory-Insights/Changes-to-the-NGFS-s-benchmark-climate-scenarios
http://Mckinsey.com
http://www.mckinsey.com/about-us/new-at-mckinsey-blog/mckinsey-sustainability-and-moodys-analytics-join-forces-to-help-banks-build-climate-resilience
http://www.mckinsey.com/about-us/new-at-mckinsey-blog/mckinsey-sustainability-and-moodys-analytics-join-forces-to-help-banks-build-climate-resilience
http://www.mckinsey.com/about-us/new-at-mckinsey-blog/mckinsey-sustainability-and-moodys-analytics-join-forces-to-help-banks-build-climate-resilience
https://www.wri.org/insights/cop26-key-outcomes-un-climate-talks-glasgow
https://www.wri.org/insights/cop26-key-outcomes-un-climate-talks-glasgow
https://www.msci.com/documents/1296102/35124068/ESG+and+Climate+Trends+to+Watch+for+2023.pdf
https://www.msci.com/documents/1296102/35124068/ESG+and+Climate+Trends+to+Watch+for+2023.pdf
https://zerotracker.net/insights/pr-net-zero-stocktake-2022
https://zerotracker.net/insights/pr-net-zero-stocktake-2022
https://www.ngfs.net/sites/default/files/medias/documents/climate_related_litigation.pdf
https://www.ngfs.net/sites/default/files/medias/documents/climate_related_litigation.pdf
https://www.ngfs.net/sites/default/files/medias/documents/scenarios-in-action-a-progress-report-on-global-supervisory-and-central-bank-climate-scenario-exercises.pdf
https://www.ngfs.net/sites/default/files/medias/documents/scenarios-in-action-a-progress-report-on-global-supervisory-and-central-bank-climate-scenario-exercises.pdf
https://www.ngfs.net/sites/default/files/medias/documents/ngfs_climate_scenarios_for_central_banks_and_supervisors_.pdf.pdf
https://www.ngfs.net/sites/default/files/medias/documents/ngfs_climate_scenarios_for_central_banks_and_supervisors_.pdf.pdf
https://www.ngfs.net/sites/default/files/medias/documents/ngfs_climate_scenarios_for_central_banks_and_supervisors_.pdf.pdf
https://www.ngfs.net/sites/default/files/media/2022/11/21/technical_documentation_ngfs_scenarios_phase_3.pdf
https://www.ngfs.net/sites/default/files/media/2022/11/21/technical_documentation_ngfs_scenarios_phase_3.pdf
https://www.ngfs.net/sites/default/files/media/2022/09/02/ngfs_physical_climate_risk_assessment.pdf
https://www.ngfs.net/sites/default/files/media/2022/09/02/ngfs_physical_climate_risk_assessment.pdf
https://oceanhealthindex.org/news/cmip_1_what_is_this/
https://oceanhealthindex.org/news/cmip_1_what_is_this/
https://iopscience.iop.org/article/10.1088/2752-5295/ac856f
https://iopscience.iop.org/article/10.1088/2752-5295/ac856f
https://www.unpri.org/inevitable-policy-response/the-inevitable-policy-response-2022-quarterly-forecast-trackers/9910.article
https://www.unpri.org/inevitable-policy-response/the-inevitable-policy-response-2022-quarterly-forecast-trackers/9910.article

PRI (2023). IPR Forecast Policy Scenario + Nature. 9 January. [online] Available at: unpri.
org/inevitable-policy-response/ipr-forecast-policy-scenario--nature/10966.article.

PwC (2020). Climate Excellence—Assessing Climate Risks and Opportunities in the Trans-
port and Logistics Sector. Available at: pwc.de/de/nachhaltigkeit/climate-excellence-as-
sessing-climate-risks-and-opportunities-in-the-transport-and-logistics-sector.pdf.

PwC (2021). EU Taxonomy Regulation and disclosure, PwC. Available at: pwc.be/en/
challenges/sustainability/sustainability-assurance-and-reporting/eu-taxonomy-regula-
tion-and-disclosure.html.

Reuters (2021). “Explainer: The U.N. climate report’s five futures—decoded,” 9 August.
Available at: reuters.com/business/environment/un-climate-reports-five-futures-de-
coded-2021-08-09.

Riahi, K., van Vuuren, D., Kriegler, E., Edmonds, J., O'Neill, B., Fujimori, S. et al. (2017). “The
Shared Socioeconomic Pathways and their energy, land use, and greenhouse gas emis-
sions implications: An overview,” Global environmental change: human and policy dimen-
sions, Vol. 42, pp. 153-168. sciencedirect.com/science/article/pii/S0959378016300681.

Schwalm, C., Glendon, S. and Duffy, P. (2020). “RCP8.5 tracks cumulative CO, emissions;’
Proceedings of the National Academy of Sciences of the United States of America, Vol.
117(33), pp. 19656—-19657. pnas.org/doi/10.1073/pnas.2007117117.

SEC (2022). SEC Proposes Rules to Enhance and Standardize Climate-Related Disclo-
sures for Investors. [onling] Available at; sec.qov/news/press-release/2022—-46.

Scott, S. (2022). Updated One Earth Climate Model (OECM): decarbonizing all sectors of
the economy to limit global temperature rise to 1.5°C, One Earth. Available at: oneearth.
org/updated-one-earth-climate-model/

TCFD (2017). Recommendations of the Task Force on Climate-related Financial Disclo-
sures Final Report. [online] Available at: assets.bbhub.io/company/sites/60/2020/10/
FINAL-2017-TCFD-Report-11052018.pdf#page=33

The Climate Data Factory (2021). What's the difference between "Representative
Concentration Pathways” and "Shared Socioeconomic Pathways™?. Available at: help.
theclimatedatafactory.com/en/article/whats-the-difference-between-representative-con-
centration-pathways-and-shared-socioeconomic-pathways-1qiibrr/

UK Financial Conduct Authority (2018). Climate Change and Green Finance. Available at:
fca.org.uk/publication/discussion/dp18-08.pdf.

UK Financial Stability Oversight Council (2021). Report on Climate-Related Financial Risk.
Available at: home.treasury.gov/system/files/261/FSOC-Climate-Report.pdf.

UNEP FI (2018). Extending our Horizons: Assessing credit risk and opportunity in a chang-
ing climate: Outputs of a working group of 16 banks piloting the TCFD Recommendations.
Available at: unepfi.org/wordpress/wp-content/uploads/2018/04/.

UNEP FI (2020). Beyond the Horizon: New Tools and Frameworks for transition risk
assessments from UNEP FI's TCFD Banking Program. Available at: unepfi.org/wordpress/
wp-content/uploads/2020/10/Beyond-the-Horizon.pdf.

The 2023 Climate Risk Landscape 79
Contents | References



https://www.unpri.org/inevitable-policy-response/ipr-forecast-policy-scenario--nature/10966.article
https://www.unpri.org/inevitable-policy-response/ipr-forecast-policy-scenario--nature/10966.article
https://www.pwc.de/de/nachhaltigkeit/climate-excellence-assessing-climate-risks-and-opportunities-in-the-transport-and-logistics-sector.pdf
https://www.pwc.de/de/nachhaltigkeit/climate-excellence-assessing-climate-risks-and-opportunities-in-the-transport-and-logistics-sector.pdf
https://www.pwc.be/en/challenges/sustainability/sustainability-assurance-and-reporting/eu-taxonomy-regulation-and-disclosure.html
https://www.pwc.be/en/challenges/sustainability/sustainability-assurance-and-reporting/eu-taxonomy-regulation-and-disclosure.html
https://www.pwc.be/en/challenges/sustainability/sustainability-assurance-and-reporting/eu-taxonomy-regulation-and-disclosure.html
https://www.reuters.com/business/environment/un-climate-reports-five-futures-decoded-2021-08-09
https://www.reuters.com/business/environment/un-climate-reports-five-futures-decoded-2021-08-09
https://www.sciencedirect.com/science/article/pii/S0959378016300681
https://www.pnas.org/doi/10.1073/pnas.2007117117
https://www.sec.gov/news/press-release/2022-46
https://www.oneearth.org/updated-one-earth-climate-model/
https://www.oneearth.org/updated-one-earth-climate-model/
https://assets.bbhub.io/company/sites/60/2020/10/FINAL-2017-TCFD-Report-11052018.pdf#page=33
https://assets.bbhub.io/company/sites/60/2020/10/FINAL-2017-TCFD-Report-11052018.pdf#page=33
https://help.theclimatedatafactory.com/en/article/whats-the-difference-between-representative-concentration-pathways-and-shared-socioeconomic-pathways-1qiibrr/
https://help.theclimatedatafactory.com/en/article/whats-the-difference-between-representative-concentration-pathways-and-shared-socioeconomic-pathways-1qiibrr/
https://help.theclimatedatafactory.com/en/article/whats-the-difference-between-representative-concentration-pathways-and-shared-socioeconomic-pathways-1qiibrr/
https://www.fca.org.uk/publication/discussion/dp18-08.pdf
https://home.treasury.gov/system/files/261/FSOC-Climate-Report.pdf
https://www.unepfi.org/wordpress/wp-content/uploads/2018/04/
https://www.unepfi.org/wordpress/wp-content/uploads/2020/10/Beyond-the-Horizon.pdf
https://www.unepfi.org/wordpress/wp-content/uploads/2020/10/Beyond-the-Horizon.pdf

UNEP FI (2021). The Climate Risk Landscape. Available at: unepfi.org/wordpress/wp-con-
tent/uploads/2021/02/UNEP-FI-The-Climate-Risk-Landscape.pdf.

UNEP FI (2022). The Climate Risk Tool Supplement. Available at: unepfi.org/wordpress/
wp-content/uploads/2022/03/The-Climate-Risk-Tool-Landscape-2022-supplement.pdf.

UNFCC (2022). COP27 Reaches Breakthrough Agreement on New “Loss and Damage”
Fund for Vulnerable Countries, Unfccc.int. Available at: unfccc.int/news/cop27-reaches-
breakthrough-agreement-on-new-loss-and-damage-fund-for-vulnerable-countries

United Nations (2015). “The Paris Agreement | United Nations." Available at: un.org/en/
climatechange/paris-agreement

Van Vuuren, D., Edmonds, J., Kainuma, M., Riahi, K., Thomson, A., Hibbard, K., Hurtt G.,
Kram T, Lamarque J., Masi T, Meinshausen M., Nakicenovic N., Smith S., Rose S. (2011).
“The representative concentration pathways: an overview,” Climatic change, Vol. 109(1-2),
pp. 5—31. link.springer.com/article/10.1007/s10584-011-0148-z

Waslander, J., Bos, J. and Wu, Y. (n.d.). Banking Beyond Climate Commitments: Trans-
forming Client Engagement and Products & Services For A Net-Zero Emissions Future.
[online] Available at: files.wri.org/d8/s3fs-public/2021-08/banking-beyond-climate-com-
mitments.pdf?Versionld=w5tCECT74FHNX_XvraEmY|6jgMpBFKli

WBCSD (2022). Demystifying Climate Transition Scenarios. Available at: wbcsd.org/
contentwbc/download/14571/208108/1.

WeADAPT (2018). Pathways and scenarios: 10 things to know about the IPCC scenario
framework. Available at: weadapt.org/sites/weadapt.org/files/pathways_and_scenari-

os-final_0.pdf

The 2023 Climate Risk Landscape 80
Contents | References



https://www.unepfi.org/wordpress/wp-content/uploads/2021/02/UNEP-FI-The-Climate-Risk-Landscape.pdf
https://www.unepfi.org/wordpress/wp-content/uploads/2021/02/UNEP-FI-The-Climate-Risk-Landscape.pdf
https://www.unepfi.org/wordpress/wp-content/uploads/2022/03/The-Climate-Risk-Tool-Landscape-2022-supplement.pdf
https://www.unepfi.org/wordpress/wp-content/uploads/2022/03/The-Climate-Risk-Tool-Landscape-2022-supplement.pdf
http://Unfccc.int
https://unfccc.int/news/cop27-reaches-breakthrough-agreement-on-new-loss-and-damage-fund-for-vulnerable-countries
https://unfccc.int/news/cop27-reaches-breakthrough-agreement-on-new-loss-and-damage-fund-for-vulnerable-countries
http://www.un.org/en/climatechange/paris-agreement
http://www.un.org/en/climatechange/paris-agreement
https://link.springer.com/article/10.1007/s10584-011-0148-z
https://files.wri.org/d8/s3fs-public/2021-08/banking-beyond-climate-commitments.pdf?VersionId=w5tCECT74FHnX_XvraEmYj6jqMpBFkli
https://files.wri.org/d8/s3fs-public/2021-08/banking-beyond-climate-commitments.pdf?VersionId=w5tCECT74FHnX_XvraEmYj6jqMpBFkli
https://www.wbcsd.org/contentwbc/download/14571/208108/1
https://www.wbcsd.org/contentwbc/download/14571/208108/1
https://www.weadapt.org/sites/weadapt.org/files/pathways_and_scenarios-final_0.pdf
https://www.weadapt.org/sites/weadapt.org/files/pathways_and_scenarios-final_0.pdf

UNEP Finance Initiative brings together a large network of banks,
insurers and investors that collectively catalyses action across the
financial system to deliver more sustainable global economies.
For more than 30 years the initiative has been connecting the
UN with financial institutions from around the world to shape the
sustainable finance agenda. We've established the world's foremost
sustainability frameworks that help the finance industry address
global environmental, social and governance (ESG) challenges.

unepfi.org

unepfi.org

info@unepfi.org

/UNEPFinancelnitiative

UN Environment Programme Finance Initiative

@UNEP_FI

Q5 =D&

fan\
UN &
=

environment
programme

finance
initiative



http://www.unepfi.org
http://www.unepfi.org
mailto:info%40unepfi.org?subject=
http://www.facebook.com/UNEPFinanceInitiative
http://www.twitter.com/UNEP_FI
https://www.linkedin.com/company/united-nations-environment-programme-finance-initiative/

	_Int_NqMlgDK2
	_Int_IRazQR53
	OLE_LINK1
	Executive summary
	Introduction
	Industry regulatory developments
	An overview of updates to the market for climate risk assessment tools
	2.1	Growing integration of different climate risks within tools
	2.2	Updated scenarios and a growing focus on net-zero commitments in many tools 
	2.3	Improved data availability and transparency regarding tool methodologies 
	2.4	Development of user-friendly and purpose-built tools to meet disclosure needs

	Overview of transition risk approaches
	3.1	Introduction
	3.2	Climate Transition Scenarios
	3.3	Transition risks
	3.4	Risk assessment methodologies

	Overview of physical risk approaches
	4.1	Introduction
	4.2	Physical risk scenarios
	4.3	Physical hazards
	4.4	Assessment methodology

	Ways in which institutions can use climate tools
	5.1	Introduction
	5.2	Exploring identified use cases
	5.3	Challenges institutions face in integrating the results into their own processes

	A roadmap for financial institutions wishing to choose a risk assessment tool 



	Conclusion 
	Appendix 
	References
	Figure 1: Survey results of important factors when choosing a vendor (UNEP FI, 2022).
	Figure 2: Survey results of challenges FIs are facing with vendors outputs (UNEP FI, 2022).
	Figure 3: Transition metrics landscape (Julia Bingler, for UNEP FI, 2023)
	Figure 4: Bottom-up module sample (Oliver Wyman/S&P Global, 2020).
	Figure 5: Emissions of carbon dioxide across the RCPs (van Vuuren et. al., 2011).
	Figure 6: Every tonne of CO2 emissions adds to global warming (IPCC, 2021).
	Figure 7: The IPCC AR5 conceptual framework with risk at the centre (IPCC, 2014).
	Figure 8: Physical Climate Risk Assessment Process (World Bank, 2019).
	Figure 9: The roadmap to a low carbon bank of 2030, from Bank 2030 (CISL, 2020).
	Figure 10: Elements of Paris-aligned client engagement (WRI, 2021).
	Figure 11: Identifying enablers and accelerators, inspired by WTW (UNEP FI, 2022).
	Figure 12: Climate tools as part of supervisory stress test (Bank of England, 2021).
	Figure 13: A Roadmap for FIs in choosing a climate risk assessment tool (UNEP FI, 2023).
	Table 1: Updates to the most commonly used major models: IPCC, IEA, and NGFS, as of December 2022
	Table 3: Transition risks and indicators
	Table 5: Physical risk hazards and a selection of commonly used indicators
	Appendix A: Overview of transition scenarios
	Appendix B: Financial and macroeconomic data variables for risk assessment
	Appendix C: Example analysis structure, deterministic, from ETH Zurich
	Appendix D: Shared Socioeconomic Pathways in the IPCC Sixth Assessment Report
	Appendix E: Scenarios included in CMIP6 (Frazier et al.)
	Appendix F: Working Group II Contribution to the IPCC AR6 Report, ‘Risk Propeller’ 

