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Executive summary

The final recommendations of the Task Force on Climate-related Financial Disclosures (TCFD), released at the
G20 summit in the summer of 2017, recommended that metrics on physical climate risks and opportunities
should be included in financial disclosures but did not provide concrete guidance on what the appropriate
metrics would be.

To address this challenge and support the emergence of standards for the disclosure of physical climate risks
and opportunities, the European Bank for Reconstruction and Development (EBRD) and the Global Centre for
Excellence on Climate Adaptation (GCECA) launched a targeted initiative to work with innovative thinkers in the
financial and corporate sectors. The goal of this initiative was to identify the greatest needs for guidance and
research and to lay the foundations for a common conceptual framework and a standard set of metrics for
reporting physical climate risks and opportunities.

The EBRD-GCECA project focused on disclosure metrics specifically for corporations. Industry-led working
groups with participants from the financial sector and corporations met over the first half of 2018 to discuss
and consider key research questions:

e Working group 1: Metrics for physical climate risk management and disclosures
e Working group 2: Metrics for climate resilience opportunities
e Working group 3: Climate intelligence for business strategy and financial planning.

The working group discussions informed the development of a set of recommendations, presented in this
report. These recommendations, primarily targeted at corporations, are intended to inform and support early
efforts to adopt the TCFD recommendations.

Disclosing physical climate risks

The TCFD recommendations identify climate-related physical risks as being one of the two main types of risks
that financial and non-financial corporations should disclose, including both acute (event-driven) and chronic
risks (those due to longer-term shifts in climate patterns). Climate change may affect all and any part of a
company’s financials, including expenditures, revenues, assets and liabilities, capital and financing. The TCFD
recommends that organisations disclose information about governance, strategy and risk management, as well
as metrics used to assess risks.

Identifying physical climate risks

A corporation’s vulnerability to climate impacts goes well beyond the physical exposure of its facilities. It
includes supply chains, distribution networks, customers and markets. Furthermore, a company’s resilience to
physical climate impacts depends on its risk management and business plans, as well as its governance.
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Figure ES-1. How climate change affects corporate value chains

From the perspective of a corporation, we distinguish between first-order and second-order impacts. First-order
impacts are direct hazards from climate change, both acute and chronic, that can be measured in physical
terms (degrees Celsius, millimetres of rain, sea temperature, acres burned, and so on) and that affect specific
regions or locations, often within a discrete timeframe (days, weeks, years). These hazards are relevant for all
economic and human activities.

Second-order impacts include all impacts of climate change on economic, human and ecosystems beyond the
boundaries of the corporation. These may include changes in the availability of natural resources, agricultural
productivity, and the geographic distribution of species, disruption to transport, changes to global trade routes,
migration, and macroeconomic indicators such as GDP, employment and interest rates. Unlike direct climate
hazards, second-order impacts are difficult to predict and even harder to mitigate through traditional
approaches to risk management.

The impacts of climate change on corporate value chains depend on where the company operates and what
impacts may affect relevant locations, but they also depend on the company’s activities. Corporations whose
production processes consume high volumes of water, for example, may be particularly sensitive to changes in
drought and the availability of water. Similarly, corporations with high-energy consumption or significant use of
outdoor labour will experience greater challenges as average temperatures rise, affecting both energy costs
and labour productivity.

Recommendation 1: Assess exposure to all first-order physical climate impacts

Corporations should consider all first-order impacts when undertaking a physical climate risk assessment: heat
stress, extreme rainfall, drought, cyclones, sea-level rise and wildfires. Corporations should also consider in
their physical climate risk assessments additional climate hazards relevant to their industries, such as ocean
acidification for fisheries. Exposure to climate hazards should be assessed at the local scale (for example,
flood risk to a land parcel, extreme rainfall and heat in a city), using the most recent climate data and
literature.
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Recommendation 2: Assess physical climate risks over the duration of an asset’s lifetime or over the lifetime of
a financial instrument

This paper recommends that a physical climate risk assessment should include projections for a 5- to 20-year
timeframe, with a focus on ‘tail risks’. Impacts beyond a 20-year timeframe should be assessed using scenario
analysis to account for the uncertainty in climate policy and for the cascading impacts of climate change.

Firms should consider physical climate impacts over the following timeframes:

1. Assess changes in asset performance over the past 5-10 years (or longer) that are attributable to
extreme weather events or to climate variability, in order to detect possible impacts from climate
change.

2. Assess potential impacts over the expected lifetime of the asset and/or over the lifetime of the
investment or loan.

Table ES-1. Timeframe and recommended approach to assessing physical climate risks

Recommended timeframe Approach for first-order Approach for second-order
impacts impacts
Short term 3-5 years Probabilistic Scenario analysis
Medium term 5-20 years Probabilistic Scenario analysis
Long term 20+ years Scenario analysis Scenario analysis

Recommendation 3: Disclose locations that are critical to value chains

This report recommends that corporations provide more detailed information on the location of their critical
operations, suppliers and market, at least at the country level, as part of segment reporting and thereby
enable investors and creditors to conduct analysis on exposure to risk in their portfolio.

For all physical climate risk disclosures, the focus should be on material risks. Corporations should disclose
whether physical climate risks have been assessed at the asset level and disclose specific risks that are
material at the group level, rather than making detailed facility-level information the default. The focus on
materiality will ensure that disclosures are relevant and proportionate.

Recommendation 4: Provide detailed information on the financial impacts of recent extreme weather events

Firms should provide in their financial filings detailed information on the historical impacts of extreme weather
events, including metrics on days of business interruptions and associated costs, costs of repairs or upgrades,
fixed-asset impairment, supply chain disruptions and lost revenues.

Recommendation 5: Disclose the impacts of weather variability on value chains

Corporations with moderate or high sensitivity to variability in temperature and precipitation should identify
and disclose whether and how changes in temperature and precipitation have materially affected their
performance.
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Recommendation 6: Perform forward-looking assessments of physical climate risks

Assessing future physical climate risks is extremely challenging. The combination of uncertainty over climate
impacts, the timing of these impacts, business consequences and the effectiveness of risk management
efforts will require additional work from companies if they are to gain a sophisticated understanding of what
lies ahead. Corporations should disclose 1) their assessment of the types of physical climate risks to which
they may be exposed in the future due to the geographic exposure of their facilities and 2) the estimated
financial impacts from the risks they have identified as being material.

Metrics for projected impacts may include a combination of:

e the number of sites and business lines exposed to relevant climate impacts

e the projected changes in production, revenues, operational expenditure or capital expenditure due to
climate change

e value-at-risk from probabilistic estimates (for example, 1:100 or 1:200) of extreme weather event
disruption to operations or production, key suppliers, customers or markets

e annual average losses from projected climate impacts.

Recommendation 7: Describe risk management processes for physical climate change impacts

Corporations should describe their processes for identifying, assessing and managing the physical climate
risks, as noted by the TCFD. For these physical impacts, aspects of particular interest to financial institutions
and banks include risk management processes, insurance coverage, planned facility moves or retrofits,
corporate climate resilience strategy, and engagement with local authorities to build climate resilience locally.

Disclosing physical climate opportunities

The TCFD also encourages corporations to disclose opportunities related to the impacts of a changing climate.
This recommendation is critical to ensuring that businesses and financial institutions continue to thrive in a
changing environment. It is also vital for promoting the healthy development of climate resilience products and
services that cater to new market needs for climate resilience.

Identifying physical climate opportunities

The TCFD defines “climate-related opportunity” as “the potential positive impacts related to climate change on
an organisation,” and notes that opportunities “will vary depending on the region, market and industry in which
an organisation operates.” This report identifies three broad types of opportunities related to physical climate
change impacts:

1. Opportunities related to managing existing physical climate risks

2. Opportunities to respond to new emerging physical climate risks

3. Opportunities to adapt to market shifts driven by physical climate impacts and cater to any resulting
new market needs.

This framework invites firms to consider short-term and long-term opportunities alike, and opportunities to
improve internal processes (efficiency, risk management), as well as opportunities to grow into new markets as
the impacts of climate change become prevalent.

Climate resilience investment opportunities can also be broken down into ‘horizontal’ and ‘vertical’ solutions.
Horizontal solutions include products and services for physical climate risk analytics and climate resilience that
are relevant to all public and private organisations looking to manage physical climate risks and build climate
resilience. Vertical solutions are products and solutions that cater to specific business sectors that actively
manage business risks and have unique needs.



Embargoed until 09.30 on 31 May 2018

Advancing TCFD guidance on physical climate risks and opportunities

Disclosing opportunities that may arise from climate change raises challenges with regard to the disclosure of
forward-looking information. Corporations may be sensitive about disclosing to investors and competitors
quantitative or qualitative forward-looking information about market analyses and anticipated market
conditions.

Recommendation 8: Identify opportunities based on managing physical climate risks and related market shifts

Corporations and financial institutions should strive to identify opportunities in managing existing physical
climate risks and responding to emerging risks.

Corporations should also assess the potential changes in their value chains as a result of physical climate
change impacts, and explore potential market shifts as customer needs change. They should target their
products and services to cater to growing demand for climate resilience solutions.

Recommendation 9: Assess physical climate opportunities over timeframes relevant to business planning

Corporations should define the appropriate timescales in which to report physical climate opportunities in
consultation with their investors. The preferred timescales will vary by sector. Opportunities in response to
managing existing physical climate risks that affect recent and current accounts and the next year’s accounts
should be reported as part of core financials. Those opportunities arising from responding to emerging
physical climate risks should be included in core financials where the impact is expected to affect current
management accounts and future short-term trading as well as statements issued to investors on market
conditions. Opportunities arising from market shifts linked to physical climate change impacts are unlikely to
be reported quantitatively and are more appropriate for disclosure in general reporting on future business
expectations.

Recommendation 10: Disclose physical climate opportunities for business at the segment level; for
critical facilities, disclose climate resilience benefits at the facility level

Physical climate opportunities may be disclosed at different levels to best serve firms and investors.
Opportunities due to shifting market demand or new products should be reported at the segmentlevel, in line
with risk disclosures. Benefits from managing existing or emerging risks may be disclosed at the segment level
(for process or supply-chain improvements, for example). For critical facilities, it may be advantageous for firms
to disclose significant climate resilience upgrades or strategic improvements at the facility level, to showcase
good stewardship and provide confidence that critical facilities are protected.

Recommendation 11: Disclose benefits from climate resilience investments using the same metrics as for the
disclosure of physical climate risks

Corporations should acknowledge the importance of accurately accounting for the opportunity effects on their
core financials arising from actions to manage current risks and respond to emerging risks. These metrics may
include avoided negative impacts on revenues, operating expenses, capital expenses, supply chain costs,
value-at-risk, or projected annual average losses. Recent work by multilateral development banks on metrics
for climate resilience results may provide a starting point but will require further development and
modification. Whenever possible, companies should disclose public co-benefits from their climate resilience
investments. These benefits may be disclosed qualitatively or quantitatively.

Recommendation 12: Include physical climate opportunities for business in qualitative disclosures

The disclosure of physical climate opportunities involving market shifts and new products and services can be
achieved by qualitative disclosures of the lifecycle of new commercial opportunities. The disclosures may
include information on the development stage of endeavours, sector, the size of potential markets, and the
length of time until commercial viability.
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Scenario analysis for physical climate risks and opportunities

With regard to climate intelligence for business strategy and financial planning, the TCFD recommendations
strongly advocate the development and use of scenarios when analysing climate risks and opportunities. In
this context, scenario analysis is intended as a tool to address challenges and acquire key information.

Scenarios are understood to provide a narrative, either qualitative or quantitative, which "describes a path of
development leading to a particular outcome.” The types of scenario that could ideally be considered for
scenario analysis are ‘context exploring’ scenarios (‘views of the world’) modelled on the approach of Shell,
which allow organisations to understand risks and capture opportunities.

The development of physical climate risk scenarios has lagged in comparison to carbon transition scenarios;
comprehensive hypothetical scenarios have not yet been developed or established for scenario analysis of
these risks. Sector-level climate impact studies, which use climate model outputs, and integrated assessment
models (IAMs) can be used to explore risks at the sector, system and spatial levels over time. However, the use
of IAMs for climate impact analysis has been far less systematic and limited to a few sectors (such as impacts
on agriculture, water and coastal zones from sea level rise).

Recommendation 13: Consider current and desired GHG concentration pathways and related warming
projections as a basis for scenario analysis of physical climate risks and opportunities

The bases for evaluating physical climate risks are Intergovernmental Panel on Climate Change (IPCC) climate
scenarios that show how increases in global mean temperatures are driven by concentrations of greenhouse
gas (GHG) emissions in the atmosphere.

Corporations should not be concerned with developing new climate scenarios themselves. Instead, as a basis
for their scenario analysis of physical risk, they should consider at least two main types of existing climate
scenarios:

e Current GHG pathway: National climate policies currently in place around the world are projected to reduce
baseline emissions, which would result in warming of about 3.4 °C above pre-industrial levels.t

o Desired (‘aspirational’) GHG pathway: These are the scenarios compatible with limiting warming to below
1.5°C by 2100 (with a probability of =50 per cent), and to below 2°C in the 21st century (with a probability
of about 80 per cent).

Recommendation 14: Integrate scenario analysis of physical climate risks and opportunities into existing
planning processes to ensure strategic, flexible and resilient businesses and investments

The main reason to undertake scenario analysis is to obtain a comprehensive assessment from firms of their
risks and opportunities. Firms should achieve this by exploring different possibilities of what might happen in
the future, despite uncertainty and by integrating climate change considerations into their existing business
strategies and financial planning.

For corporations and financial institutions, the direct value added by undertaking scenario analysis is that they
will be able to align their business strategies with potential outcomes, which will make them more robust. In
this sense, the real value of scenario analysis is the ability to ensure strategic, flexible and resilient businesses
and investments, and is not the process of disclosure in itself.

Climate scenarios and output should be integrated into existing business and investment planning of
corporations. Some firms - particularly large companies in specific industries - already produce scenarios as
part of their business-planning and risk-management processes. In an ideal situation, companies and investors
alike would develop scenarios and undertake scenario analysis of physical climate risks.
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Recommendation 15: Avoid standardised scenario analysis in order to have a more comprehensive range of
outcomes

Firms should look at more than one scenario and multiple climate models in order to have a more
comprehensive range of potential outcomes. Although a degree of comparability is desirable, it is also
recommended that corporations develop their own scenarios, which should be highly contextual, and based on
the views and values of individual corporations.

There is more than one way to conduct scenario analysis. It may be done as a standalone workshop or as a
longer-term planning process undertaken on a regular basis by a single company. In all its various forms, the
aim of scenario analysis is to make more robust long-term plans by systematically analysing risks in possible
future states.

Second-order impacts of climate change are well suited for inclusion in scenario analysis because they are
impossible to predict with precision, but must be considered due to their wide-ranging and potentially
catastrophic effects. Typical examples of macroeconomic impacts to be considered in scenario analysis
include climate impacts on economic growth, global trade flows and human migration.

Recommendation 16: Consider data from a wide variety of sources and scales when developing scenario
analysis of physical climate risks

In order to construct plausible scenarios of physical climate risks and opportunities, firms should consider
inputs from a wide variety of sources and levels of detail. These include scientific data (not only on climate
change), macroeconomic data, socio-economic data, data on political economics and policy, corporate data,
‘vision’ and market analysis data, ‘big data’, and so on. It should be noted that climate change is just one
of the drivers that influences scenario analysis as intended in this report.

Recommendation 17: Take account of scientific uncertainty inherent in climate data and in scenario analysis
of physical climate risks and opportunities

Corporations and financial institutions are very well accustomed to making decisions within a large spectrum of
uncertainty. In the same way, they should consider and manage the uncertainty that surrounds climate data
and climate science for scenario analysis. Scientific uncertainty should be taken into account and made
explicit when assessing climate-related financial risks and opportunities.

Recommendation 18: Disclose qualitative information that is relevant to the company and its investors

The ultimate objective in disclosing the use of scenarios is to build investor confidence that a company is
meaningfully engaged on the topic of climate change, that it is looking at a broad range of outcomes and is
responsive and proactive, rather than defensive and reactive. In this context, firms should disclose information
on their physical climate risks and opportunities in the way that is most appropriate to them, as well as to their
investors, and to the type of information disclosed or its format (quantitative or qualitative).

Conclusion

Efforts to formalise and standardise the assessment and disclosure of physical climate risks and opportunities
are still in their infancy. As science and business continue to progress in their understanding of climate
impacts, the recommendations made in this report will evolve over time, informed by emerging practices and
the continuous efforts of corporations, financial institutions, credit rating agencies, industry groups, think-
tanks, regulators and governments.

Further challenges and research questions remain to be addressed across the three topics, including issues
surrounding the materiality of risks, methodologies for quantifying the disclosure of risks, management
practices, forward-looking statements, as well as guidance and standardisation for scenario analysis. For all of
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these topics, broader cross-cutting challenges may also emerge, for example, with regard to ongoing policy and
regulatory developments for climate disclosures.

Climate disclosures will remain a topic of active research and discussion, and this report aims to support the
emergence of market practices that bring transparency to markets and help build climate resilience in firms
and financial institutions.
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Table ES-2. Summary of recommendations for disclosing physical climate risks and opportunities, and scenario
analysis

Recommendations for the disclosure of physical climate risks

Supply chain Operations Markets

Assess exposure to heat stress, extreme rainfall, drought, cyclones, rising sea levels, wildfire and
1. Hazards other industry-relevant and/or locally specific climate hazards across the corporate value chain.

Assess exposure to first-order (direct) impacts in the short to medium term (2-5 and 5-20 years) using a
2. Timeframe probabilistic approach; use scenario analysis for long-term risk (more than 20 years) and possible exposure to
second-order (indirect) impacts.

e Location (country or city) of critical

3. Level * Location (country or city) of business facilities (such as production or | * Breakdown of sales by
key supplier fac_lll_t|es and a support systems) and key distribution or country and by segment
measure of their importance logistics sites, as well as a measure of

their importance
* Reduced revenues, including situations .
) ' R reven from

4. Impacts from recent |* Decreased production where a significant number of staff |o‘\e/\?eurC::|e: deueuf:thg

extreme weather f:atpacnyt‘due to supply-chain members are unable to get to work consequences of extreme

events interruption « Increase in operational expenditure weather events
(opex), such as repair costs, insurance
premiums
* Increase in capital expenditure
(capex)such as impairment of fixed
assets, inventory write-downs
. . * Increase in opex (energy costs, negative

5. Impacts of weather | © Increase in supply-chain impacts on the workforce) * Reduced revenues from

variability costs due to changes in the lower sales due to

* Increase in capex due to weather or variability in the weather

availability of commodities
natural resources

* Number of sites and business lines

6. Future risks of ¢ Suppliers or commodities exposed to relevant impacts of climate * Markets or sales likely to be
climate change likely to be affected by change affected by climate change
climate change * Projected change in production, * VaR from 1:100 or 1:200
¢ Value-at-risk (VaR) from revenues, opex or capex due to climate loss projections from impact
1:100 or 1:200 and annual change on key customer(s) or
average loss projections from markets

e VaR from 1:100 or 1:200 impact on
operations or production

* Annual average losses from projected
impacts of climate change

disruption to key supplier(s)

¢ Supply-chain risk-

7. Physical climate risk management strategy ¢ Insurance and risk management * Logistics, distribution and
management and ) _ instruments and total cost of risk (net sales risk management
limate reslli * Engagement with suppliers risk exposure after risk management) strategy
Gl RS to help identify, assess and ; - _
strategy manage climate-related * Planned improvements, retrofits, » Engagement with
vaiez falks relocations, or other changes to facilities distributors and key
b i that may reduce their vulnerability to customers to help identify,
‘ Ept%]algen}entdof sgppllvfrs climate impacts assess and manage climate
with local and nationa » Engagement with local or national risks

governments to identify,
assess and manage these
risks

governments and local stakeholders on
local climate resilience
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Table ES-2. (continued from previous page)

Recommendations for the disclosure of physical climate opportunities

8. Opportunities « |dentify opportunities inherent in managing existing and emerging physical climate risks
* |Identify opportunities based on adapting to market shifts driven by a changing climate

* Assess and disclose opportunities using an adequate timeframe, according to the industry and the type of
opportunity:
o snapshot of current context (shortest timeframe)
. business planning timeframe
o asset lifespan (longest timeframe)

10. Level * Disclose physical climate opportunities at the segment level
¢ Disclose climate resilience benefits at the facility level for critical facilities

9. Timeframe

« Disclose benefits of climate resilience investments using the same metrics that are used for the disclosure or
physical climate risks
¢ In addition, whenever possible, assess and disclose public co-benefits from climate resilience investments (in
other words, the wider economic benefits of managing physical climate risks)
. * Disclose qualitative information on the lifecycle of a new commercial opportunity, including:
12..Metr|cs for » *  the development stage of an endeavour
business opportunities e the business area and connection to company’s core business
o the size of the potential market
. the approximate timeframe for commercial viability

Recommendations for scenario analysis disclosures

13. Climate scenarios * Consider current and ‘aspirational’ GHG concentration pathways and related warming proiections as
a basis for scenario analysis of physical climate risks and opportunities

11. Metrics for climate
resilience benefits

14. Motivation ¢ Integrate scenario analysis of physical climate risks and opportunities into existing planning
’ processes to ensure strategic, flexible and resilient businesses and investments

15. Scenario building * Avoid standardised scenario analysis in order to have a more comprehensive range of outcomes

16. Data * Consider data from a wide variety of sources and scales when developing scenario analysis of physical
: climate risks and opportunities

7. S * Take account of scientific uncertainty inherent in climate data and in scenario analysis of physical risks and

un(.:ertainty opportunities

18. Scenario analysis » Disclose qualitative information that is relevant to the company and its investors

and disclosures o Consider scenario analysis of physical climate risks and opportunities as an initial step

towards building climate resilience

11
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Introduction

The Task Force on Climate-related Financial Disclosures (TCFD) seeks to “develop recommendations for
voluntary climate-related financial disclosures that are consistent, comparable, reliable, clear, and efficient,
and provide decision-useful information to lenders, insurers and investors.” It has crystallised a growing
concern among investors and business leaders about the physical impacts that climate change could have on
the economy and on financial markets.

The TCFD’s initial report noted a lack of understanding about the impact of climate change on corporate value
chains and infrastructure, the channels through which these impacts are transmitted to financial markets, and
a lack of transparency in reporting these risks. The final report, released at the G20 summit in the summer of
2017, recommended that financial disclosures should include metrics on the physical risks and opportunities
of climate change but did not provide detailed guidance on appropriate metrics.

Without formal or regulatory guidance on metrics and indicators, firms are uncertain about what to include in
their disclosures. Investors are therefore likely to receive a heterogeneous mix of financial reports including
diverse indicators, metrics, assumptions and timeframes, which will fail to provide comparable data across a
portfolio or provide the necessary transparency.

Recognising the challenges in the path towards standardising disclosure of physical risks and opportunities
related to climate change, the European Bank for Reconstruction and Development (EBRD) and the Global
Centre of Excellence on Climate Adaptation (GCECA) launched an initiative, “Advancing TCFD guidance on
physical climate risks and opportunities”. The initiative aims to work with innovative thinkers in the financial
and corporate sectors to identify the greatest needs for guidance, research and development. It also seeks to
lay the foundations for a common conceptual framework and a standard set of metrics for reporting physical
climate risks and opportunities.

Early engagement with the disclosure of climate risks and opportunities enables companies to get ahead of
forthcoming regulations, particularly in Europe. It allows them to anticipate and respond to investor concerns,
and play an active role in shaping the field and establishing the standards that will eventually become the
norm. This EBRD-GCECA report aims to inform and support early adoption efforts of this kind, recognising that
the field is evolving rapidly and that best practices will emerge over time.

Participants in the initiative

The EBRD hosted the initiative and funded its technical secretariat. The EBRD is the leading multilateral
development bank on private-sector climate resilience financing, and the Bank’s extensive experience of
delivering finance, technical cooperation and policy dialogue in support of wider market action on climate
resilience has informed this project. The GCECA provided a secondment to the technical secretariat.
Established by the government of the Netherlands, in partnership with the government of Japan, the United
Nations Environment Programme, the Global Environment Facility and other international partners, GCECA is
working to accelerate progress on climate change adaptation. One of the three cross-cutting themes that
GCECA will focus on is “finance, investment and business.”

The technical secretariat was provided by Four Twenty Seven, a provider of intelligence on climate risk to
financial markets, and by Acclimatise, an advisory company specialised in adaptation to climate change.

The expert working groups in the initiative included participants from Agence Francgaise de Développement,
Allianz, APG Asset Management, AON, the Bank of England, Barclays, Blackrock, Bloomberg, BNP Paribas, Citi,
Danone, the Dutch National Bank, DWS Deutsche AM, the European Investment Bank, Lightsmith Group,
Lloyds, Maersk, Meridiam Infrastructure, Moody’s, S&P Global Ratings, Shell, Siemens, Standard Chartered,
USS and Zurich Alternative Asset Management.
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Scope

In its initial report, the TCFD laid out seven fundamental principles for effective disclosure. According to these,
disclosure should:
1. present relevant information
. be specific and complete
. be clear, balanced and understandable
. be consistent over time
. be comparable among companies within a sector, industry or portfolio
. be reliable, verifiable and objective
7. be provided on a timely basis.

OOk WN

While these principles align fully with general principles of financial disclosure and with previously established
frameworks for climate-related disclosure, they raise a number of practical challenges when applied to the
disclosure of physical climate risks. Climate science continues to evolve, as does global climate policy, making
it difficult to be consistent over time. Climate impacts affect businesses and the economy well beyond the
walls of any given firm, but accounting for these indirect, ‘second-order’ risks in a specific and complete
manner is extremely challenging. Lastly, the lack of an accepted methodology for measuring and quantifying
the risks and opportunities of climate change is a major hurdle that limits access to information comparable
among companies within a sector, industry or portfolio.

The preliminary guidance in this report aims to build on the TCFD recommendations and provide common
foundations for the disclosure of climate-related physical risks and opportunities. The report also identifies
areas where further research or market action is needed so that detailed, consistent, industry-specific
guidelines can be developed on the methodology for quantifying and reporting these risks and opportunities.

The TCFD recommendations identify four core elements for climate-related financial disclosure: governance,
strategy, risk management, and metrics and targets. The recommendations further identify metrics for physical
climate risks and opportunities as an element that could benefit from further research and development. This
report focuses on the challenging question of how to identify and quantify the risks and opportunities of a
changing climate and on the possible metrics for disclosing these. It also aims to inform strategy and risk
management.

The project focused on disclosure metrics that are specific to corporations. Improving the quality of firms’
climate disclosures is not just important for them, but also critical to managing climate risks and opportunities
in financial markets. Better corporate disclosure will enable more efficient pricing of risks and opportunities,
and better performance in equity and corporate bond markets. It will provide banks with a better
understanding of the climate-related risks they carry in their loan books. Robust and consistent disclosure of
climate risks will also address emerging regulatory requirements in Europe and beyond, enabling a productive
dialogue between regulators, asset owners, asset managers, rating agencies and firms to allow for consistent
monitoring and effective engagement.

Project process

The EBRD-GCECA initiative involved three industry working groups of a dozen participants, with a mix of
financial institutions (asset owners, asset managers, banks, insurance), corporations, credit rating agencies,
and a financial data provider. Each working group met several times over the first half of 2018 to discuss and
consider research questions related to the topic on hand. The working groups debated how best to help the
market make progress on disclosure.

e  Working group 1: Metrics for disclosing physical climate risks.
This group focused on identifying a set of metrics that firms should include in their financial disclosures to

13



Embargoed until 09.30 on 31 May 2018

Advancing TCFD guidance on physical climate risks and opportunities

enable investors and creditors to assess their holdings and their own exposure to physical climate risks in

their portfolios.

o  Working group 2: Metrics for disclosing climate resilience opportunities.
This second group worked to identify a set of metrics that firms may include in their financial disclosures
that will enable investors and creditors to report on how these firms are (i) improving their resilience to

climate-related physical risks and (ii) leveraging business opportunities associated with climate resilience

in order to enhance their financial performance.

o  Working group 3: Climate intelligence for business strategy and financial planning,.
This third group focused on developing guidance for using scenario analysis to assess uncertain second-
order impacts of climate change on corporate value chains, trade flows and the broader macroeconomic
environment.

The working groups built on the TCFD guidance. They also built on reporting frameworks such as the UN-

supported Principles for Responsible Investments (PRI), the Climate Disclosure Standards Board (CDP), the
United Nations Environment Programme Finance Initiative (UNEP Fl), and an extensive review of literature to
develop a set of recommendations on physical risks and opportunities.

This report captures the findings and recommendations of all three working groups and of other experts in the

market. It aims to advance the TCFD recommendations, laying the foundations on how to identify, measure
and disclose physical risks and opportunities, building on the best available science and with the thoughtful
input of practitioners from financial and non-financial corporations. The report also highlights key research
questions and the need for further developments in methodology.

The recommendations we developed aim to serve a dual purpose. They seek to:
1) improve corporations’ understanding of their own exposure and risk profile as well as opportunities
arising from climate change, and

2) provide clear signals for financial institutions to understand risks and opportunities implicit in individual

holdings as well as portfolio-wide exposures.

As a general rule, this report has prioritised recommendations that are consistent with current industry
practices and that leverage metrics and frameworks already used for financial disclosures. It also includes a

mix of recommendations that focus on providing better information, as well as recommendations that require

more sophisticated analysis. In line with the TCFD recommendations, the recommendations of this EBRD-
GCECA are geared to facilitating comparability across companies within a sector, industry or portfolio, and to
promoting disclosure of reliable and verifiable information.

This report does not answer all questions related to physical risks and opportunities. The challenges, and the
need for further research, clear standards and protocols, and accepted market practices remain deep.

Furthering these recommendations will also require substantial input from legal and accounting experts. Yet it

is hoped that the collective efforts in this initiative to frame the issue, develop a taxonomy, set guidelines for
scope, timeframe and disclosure levels, and the attempt to develop metrics for risks and opportunities, will
help advance TCFD recommendations and raise market awareness of the business impacts of a changing
climate.
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1. Disclosing physical climate risks

a. TCFD recommendations on physical climate risks and opportunities

The TCFD recommendations identify physical climate risks as one of the two main risks that financial and non-
financial corporations should disclose, including both acute (event-driven) and chronic risks (those due to
longer-term shifts in climate patterns). The TCFD views climate risks and opportunities as driving financial
impacts on firms, as Figure 1 illustrates. It does not see them as environmental or sustainability issues.

Figure 1. Climate risks and opportunities drive financial impacts

Source: TCFD final recommendations (June 2017).
As Figure 1 shows, climate change may affect all and any part of a company’s financials:

e Expenditures
0 Operational expenditures such as an increase in energy costs due to heat waves or cold
snhaps, an increase in insurance costs.
0 Capital expenditures, such as the cost of repair to or retrofitting of a site, the acquisition of a
new site, and so on.

* Revenues - losses arising from business interruptions due to a flood or storm, reduced asset
productivity, for example, a manufacturing plant running at lower capacity because of heat or reduced
demand from consumers

e Assets and liabilities, such as a complete or partial loss due to extreme weather events, liability after a
spill or explosion caused by an extreme weather event, asset impairment due to changes in the
operating environment (for example, drought, or land loss due to sea level rise)

* Capital and financing, for example, increased cost of capital due to concerns about the insurability of
a site.

The TCFD recommends that organisations disclose the following elements:
e Governance
0 The board’s oversight of climate-related risks and opportunities
0 Management’s role in assessing and managing climate-related risks and opportunities
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Strategy

0 Climate-related risks and opportunities identified with regard to the short term, medium term

and long term
0 The impact of climate-related risks and opportunities on business, strategy and financial
planning

0 Climate resilience of the organisation’s strategy, taking into account different climate-related

scenarios
Risk management
0 Processes for identifying and assessing climate-related risks
0 Processes for managing climate-related risks

0 How processes for identifying, assessing and managing climate-related risks are integrated

into the organisation’s overall risk management
Metrics

0 Metrics used by the organisation to assess climate-related risks and opportunities in line with

its strategy and risk-management process

0 Targets used to manage climate-related risks and opportunities and performance against

these targets.

The final recommendations from the TCFD highlight the need to develop additional guidance on metrics for

disclosing physical risks, including standardising and calculating key metrics.

b. Identifying physical climate risks

i.  How climate change affects corporate value chains

Climate change is multifaceted and affects all parts of our economic system. Climate-related hazards affect

physical economic assets such as buildings, factories, plants and pipelines, as well as offices and retail

facilities. A corporation’s vulnerability to climate impacts also goes well beyond the physical exposure of its
facilities: it includes supply chains, distribution networks, customers and markets. Impacts on a single site may

be more or less material depending on the type of site and activities, business inventory, supply chain,
continuity plans, and so on.

Furthermore, a company’s resilience to extreme weather events, chronic stresses or changes in weather

conditions depends on its risk management and business plans, as well as its governance. Figure 2 provides
an illustrative summary of the impacts of a changing climate on corporate value chains, defined broadly as

including supply chains, operations, logistics and markets. This report distinguishes between the type of
climate-related risk driver, namely, 'first-order impacts' and 'second-order impacts'.
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Figure 2. How climate change affects corporate value chains

Source: Four Twenty Seven, © Four Twenty Seven (2017).

Together, exposure to climate hazards and corporate capacity to adapt determine whether a potential impact
is material (for the purposes of financial reporting) and whether this material risk should affect equity valuation
or credit risk.

ii. Climate hazards: a taxonomy
* First-order impacts

The Intergovernmental Panel on Climate Change (IPCC) identifies a number of extreme weather and climate
events that have already been observed and will worsen significantly over the 21st century:?

e Heat stress: Warmer and/or more frequent hot days and nights; fewer cold days; warm spells and
heatwaves.

e Extreme precipitation: Heavy precipitation events; increases in the frequency, intensity and/or amount
of heavy precipitation

e Drought: Increases in the intensity and/or duration of drought

e Cyclones: Increases in intense-tropical-cyclone activity

e Sea-level rise: Increased incidence and/or magnitude of extremely high sea levels.

The manifestation and the combination of these extreme weather events and climate trends increase the
frequency and intensity of floods and wildfires. These extreme weather events are part of what businesses may
already experience occasionally and have historically managed as part of their enterprise risk-management
process. Climate change brings an important difference, however, because these events become more
frequent and/or more intense and therefore the probability that they will have a material financial effect also
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increases. Climate change also drives gradual changes in long-term weather patterns: changes in average
temperatures, precipitation patterns and rising sea levels, which can also affect corporate performance.

From the perspective of a corporation, we define these climate hazards as first-order impacts - in other words,
direct hazards from climate change, both acute and chronic, that can be measured in physical terms (in
degrees Celsius, millimetres of rain, sea temperature, acres burned, and so on) and that affect specific regions
or locations, often during a discrete timeframe (days, weeks, years). These first-order hazards are relevant to
all economic and human activities.

In addition, certain industries may be sensitive to other changes in the earth’s physical conditions related to or
caused by climate change, for example:

o fisheries may be affected by ocean acidification, which threatens vital parts of the ocean’s
ecosystems3

e extractive industries and the transport sector, among others, may be affected by ice melt and
permafrost melt in northern regions.

e the agricultural sector may be affected by hydrological variability (even if it is not extreme) and by soil
degradation

e the tourism industry and other sectors (agricultural, retail) may be affected by changes in snow cover.

Table 1 provides an illustrative, but not exhaustive, list of industries and their sensitivities to the impacts of
climate change.

The manifestation of climate hazards varies widely from region to region and at the local level. Precipitation in
particular may see the most variability between regions, and within the same region over time.

The common characteristic of these hazards and their financial impacts is that, for the most part, they can be
measured. Climate models project the changes in frequency and magnitude of physical hazards (albeit with
many limitations). The financial effects of these changes can in turn be quantified and monetised, even if there
are some limitations related to economic-modelling techniques, the availability of data, and scientific
uncertainty.

f Second-order impacts

Second-order impacts include all impacts of climate change on economies, people and ecosystems beyond the
boundaries of a corporation. Examples of second-order impacts include changes in the availability of natural
resources, agricultural productivity, and the geographic distribution of species, disruption to transport, changes
to global trade routes, migration, and macroeconomic indicators such as GDP, employment and interest rates.
For instance, there is an opportunity cost to society in terms of the reconstruction of hard assets following
damage from extreme weather events. Figure 3 offers an expanded view of first- and second-order risk
pathways, from first-order impacts through to financial impacts.

Unlike first-order (direct) climate hazards, second-order (indirect) impacts are difficult to predict and even
harder to mitigate through traditional approaches to risk management. The uncertainty around both the impact
of a changing climate, and the policy and regulatory responses to this change, present significant new
challenges when compared with other environmental problems that society faces.
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Figure 3. From climate hazards to financial performance: risk pathways
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iii.  Sensitivity to climate impacts, by industry

The impacts of a changing climate on corporate value chains depend on where a company operates and what
impacts may affect the relevant locations, but they also depend on the company’s activities. For example, firms
whose production processes consume high volumes of water may be particularly sensitive to changes in
drought patterns and the availability of water. Similarly, corporations with high energy consumption or
significant use of outdoor labour will experience greater challenges as average temperatures rise, affecting
both energy costs and labour productivity.

Table 1 summarise sensitivities to climate hazards, by industry. It includes both acute impacts (extreme
weather events such as storms and cyclones, extreme rainfall, extreme heat) and chronic changes (variability
in precipitation, temperature, water stress and sea-level rise). All businesses are assumed to be sensitive to
storms and flood risks due to extreme rainfall or rising sea levels. Sensitivity to weather variability and water
stress is assessed based on the type of activity prevalent in each industry group and on its average water and
energy intensity.

This sensitivity matrix is indicative only and should not be used as a substitute for a materiality assessment for
any individual corporation. Each business model, process and operating location is unique and may create
sensitivity to hazards other than those listed in Table 1.

Table 1. Sensitivity matrix, by industry

GICS sector | GICS industry | Storms and Extreme Extreme | Variabilityin | Variabilityin | Water |Sea-level | Other climate

group cyclones rainfall and heat precipitation | temperature | stress rise hazards
flood
Automobiles .
and High High High Medium High Medium | High Deg'j:”etd air
components q \
Consumer

durables and High

) . . : . De, ed air
ngh ngh qua“ty

apparel
Consumer | Consumer High High Low Medium Medium | Medium | High
discretionary services
Media High High Low Low Low Low High
Retailing High High Low L wW Low High
Food and High High Low '

staples retailing

ow
Soil

. : . . . degradation,

High Medium High High High High p—
acidification
Icemelt,
High High Medium High Medium High permafrost
melt
Low ow

High

Lo
Consumer | Food, beverage High .
Staples and tobacco &
Household and
personal High i
products

Energy Energy High

d
Financials Banks High L Low Low High
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GICS sector | GICS industry | Storms and Extreme Extreme | Variability in | Variabilityin | Water |Sea-level | Other climate
group cyclones rainfall and heat precipitation | temperature | stress rise hazards
flood

Diversified
financials ngh >
Hail storms,
Insurance High High Medium Medium Medium Medium High landslides,
wildfires
Healthcare quﬁgij
equm(_ant and High High High Low Low Medium High degraded air
services )
quality
Pharmaceutical
s, biotechnology : . : .
and life High High High Medium High Medium High
sciences
Capltal gOOdS ngh ngh
Commercial and
Industrials professional High High
services
ermafrost
Transport High High Medium Low High melt, ice
melt
Semi-
conductors ngh ngh -
Information | Software and
technology Services i
Technology
hardware and High High High High Medium High
equipment
eteres eteres ngh ngh
Real estate High ow
Telecommuni Telecommunicat
cation . . High High ow High
. ion services
services

Source: Four Twenty Seven (© Four Twenty Seven 2017).

Health care

ow High

Low ow ow High

Real estate ow ow High

Note: ‘GICS’ denotes the Global Industry Classification Standard.

c. Scope, timeframe and level for disclosing physical climate risks

The long-term nature of climate change and the complexity and diversity of climate hazards raise challenges
for firms and investors. This section provides pointers on how to address these challenges, and discusses
approaches to disclosure that balance the interests of investors and corporations.
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i. Scope

Recommendation 1: Assess exposure to all first-order physical climate impacts

Description

This report recommends that corporations consider all first-order impacts when undertaking an assessment of
physical climate risks: heat stress, extreme rainfall, drought, cyclones, sea-level rise and wildfires. it also
recommends that corporations consider in their risk assessments additional climate hazards relevant to their
industries, using peer-reviewed literature and sector-specific industry research on climate risks.

Exposure to these climate hazards should be assessed at the local level (such as flood risk to a land parcel,
extreme rainfall and heat in a city), using the most recent climate data and literature.

Industries with moderate or high sensitivity to variability in precipitation and temperature due to their activities
(see Table 1) or sensitive to other climate-related hazards (such as permafrost or ocean acidification) should
also include these impacts when conducting a risk assessment.

Lastly, for second-order, indirect or uncertain impacts that may not be quantified or modelled, we recommend
the use of scenario analysis as a tool to support decision-making (see Section 3).

ii. Timeframe

The impacts of climate change are already being felt globally and will continue to worsen over the coming
decades. Climate models provide sophisticated projections of changes in the climate hazards identified above
over this period. However, data for medium-term impacts (two to five years) is lacking.

Decisions made in corporations typically focus on the near to medium term. Cycles of decision-making are
usually managed on a quarterly or annual basis, with financial-planning projections three to five years out.
Financial markets tend to focus on even shorter timeframes, with an emphasis on quarterly reports and
average holding periods for some financial assets (that is, stocks, bonds and so on) ranging from a few days to
a few years. A number of industries, however, also invest and rely on physical assets with long lifetimes - 20-
50 years for many infrastructure assets and sometimes up to 100 years.

Recommendation 2: Assess physical climate risks over the duration of an asset’s lifetime or over the
lifetime of a financial instrument

Description

In general, this paper recommends that a physical climate risk assessment should include projections for a 5-
to 20-year timeframe, with a focus on ‘tail risks’. Impacts beyond a 20-year timeframe should be assessed
using scenario analysis to account for the uncertainty in climate policy and for the cascading impacts of
climate change.

Specifically, this report recommends that corporations consider climate impacts over the following timeframes:

3. Assess changes in asset performance over the past 5-10 years (or longer) that are attributable to
extreme weather events or to climate variability, in order to detect the possible impacts of climate
change.

4. Assess impacts over the expected lifetime of the asset and/or over the lifetime of the investment or
loan.
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Table 2. Timeframe and recommended approach to assessing physical climate risks

Recommended Approach for first-order Approach for second-
timeframe impacts order impacts
“Shortterm  35years = Probabilistc =~ Scenario analysis
Medium term 5-20 years Probabilistic Scenario analysis
Long term 20+ years Scenario analysis Scenario analysis
Rationale

In defining the relevant timeframe and looking at lifetime, corporations should account for systemic impacts: a
loan may have a three-year maturity but the relationship with a client is likely to extend well beyond this
specific line of credit. Similarly, a real estate firm may plan to sell an asset within three years, but the next
buyers may perform their due diligence by looking ahead at least another three to five years, effectively
extending the relevant time period for a risk assessment by several years or more for the initial holder.

Corporations may use the difference between historical conditions and future conditions (in the medium term)
as a proxy for short-term exposure.

iii. Level

For investors and creditors, identifying exposure to physical climate risks and assessing how climate impacts
may affect the financial performance or credit rating of companies in their portfolio is extremely challenging,
because they do not have access to facility-level data (location and financials) for sites owned by a corporation
in their equity or loan portfolio, and cannot perform a climate-risk assessment of their holdings. They are
therefore reliant on the corporation’s own risk assessment and what it discloses as they seek to assess risk in
their holdings.

For all physical climate disclosures, the focus should be on material risks, in other words, disclosure that
climate-related physical risks are assessed at the asset level (many of which are also handled at the local
level) as well as disclosure of specific risks that are material at the group level, rather than making detailed
facility-level information the default. The focus on materiality will ensure that disclosures are relevant and
proportionate.

In addition, this report recommends that corporations provide more information about the location of their
critical operations and suppliers, thus enabling stakeholders to conduct supplementary analysis on possible
exposure to physical climate risks.

Recommendation 3: Disclose locations that are critical to value chains
Description

Corporations typically disclose a form of geographic breakdown of their production or revenues. In the United
States of America, for example, firms must disclose details by segment, including geographic regions, for parts
of the activities that account for at least 10 per cent of the firm’s revenues, 10 per cent of the profit or loss, or
10 per cent of the combined assets of the entity. However, segment reporting is often done at the regional
level using inconsistent geographic breakdowns (such as “EMEA” or “rest of the world”) and primarily for sales.
Financial filings sometimes also include information on key production sites, but this information is largely
inconsistent.

This report recommends that corporations provide consistent and granular reporting on the geographic
location of production and sales alike, as well as key suppliers by business line, if this information is available.
The information should be presented at least by country, although city location would be most useful with
regard to production sites. The disclosures may also include a measure of how important various locations are
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to overall company revenues and profitability (for example, the percentage of production or revenues for which
they account), or otherwise note which facilities are critical.

Rationale

This recommendation is an incremental change from current reporting practices, using information that is
readily available for corporations and hence creating limited additional burden for corporations. Yet this small
change addresses two major concerns of financial institutions. First, it enables investors and creditors to
perform their own high-level assessments of a corporation’s exposure to physical climate risks. Second, it
enables financial institutions to disclose potential correlated risks and high exposure within a country or region
due to the composition of their portfolios and the geographic exposure of the underlying assets.

d. Metrics for disclosing physical climate risks

Assessing and quantifying the impacts of a changing climate is critical to determining the materiality of the
impact, and to developing a forward-looking view of how future impacts will affect the corporate value chain.
Our recommendations focus on building an understanding of past and recent impacts of climate change,
based on corporate financial data, then provide pointers on how to use this understanding to develop a
forward-looking assessment of climate impacts.

i. Metrics for recent impacts of climate change on company performance

Climate change has been affecting weather patterns for years, as the increased frequency of certain weather
events, and the changes in temperature and precipitation patterns around the world illustrate. While these
recent changes are not all clearly attributed to climate change, they provide a rich dataset to help understand
the influence of weather on business, even for businesses that have not used this information before.

Recommendation 4: Provide detailed information on the financial impacts of recent extreme weather
events

Description

Firms should provide in their financial filings detailed information on the historical impacts of extreme weather
events, including, as relevant, a combination of the following metrics:

e facilities and business line(s) affected

e time and duration of the impact

e cost of business interruption

e inventory write-downs

e |ost wages

e cost of repairs or upgrades

o fixed-asset impairment

e (detailed insurance payments

e impacts of related power outages

e |oss or damage to primary office or business facility
e |oss or damage to critical business applications

e loss or damage to critical vendor chains or supply chains (or value chains)
e significant unavailability of staff

e |ost revenues and/or market shares.
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Rationale

Corporations are already exposed regularly to extreme weather events, yet reporting on the financial impacts of
these events is uneven. Single-event occurrences may not meet the threshold for financial materiality,
especially if they were adequately provided for or covered by insurance. However, repeated occurrences across
a company or over several years can affect corporate performance and warrant better disclosure. Gaining a
better understanding of the financial impacts of recent extreme weather events is also a critical starting point
to anticipating and quantifying the impacts of more frequent and/or more intense extreme weather events in
the future. This recommendation applies to all extreme weather events, whether a connection with climate
change has been established or not.4

Recommendation 5: Disclose the impacts of weather variability on value chains
Description

Firms with moderate or high sensitivity to variability in temperature and precipitation should identify and
disclose whether and how changes in temperature and precipitation have materially affected their
performance. This recommendation applies primarily to corporations that undertake manufacturing activities,
as well firms in the agriculture and food, energy, utility, tourism and retail sectors (see Table 1 for a complete
list).

Rationale

The TCFD recommends that “metrics should be provided for historical periods to allow for trend analysis” and
encourages corporations to “provide a description of the methodologies used to calculate or estimate climate-
related metrics.” Yet beyond a few, well-identified industries where analysing historical weather is standard
practice (energy, agriculture and retail, for example), most corporations do not typically factor in weather as a
driver of business performance. However, recent manifestations of climate change show that a broad range of
industries are sensitive to weather conditions that can affect labour, equipment, energy consumption and
markets, to name just a few factors. Quantifying the financial impacts of changes in past weather conditions
may provide a baseline against which to assess the implications of changes in future conditions.

ii. Metrics for future physical climate risks

Assessing future physical climate risks is extremely challenging. The combination of uncertainty about timing,
climate impacts, business consequences, and the effectiveness of risk management efforts will require
additional work from companies if they are to gain a sophisticated understanding of what lies ahead. The next
section of this paper provides a series of suggestions on metrics and methods to assess physical climate risks,
and calls for further work to develop industry standards and methodologies that give corporations clear
guidance and ensure comparability of data for financial institutions.

Recommendation 6: Perform forward-looking assessments of physical climate risks
Description

Corporations should disclose 1) their assessment of the types of physical climate risks to which they may be
subject in the future due to the geographic exposure of their facilities and 2) the estimated financial impacts
from the risks they have identified as being material. The risk estimates should build on vulnerabilities
identified in recommendations 1, 2 and 3 above, based on the location of critical assets, financial impacts
from past extreme weather events, and financial impacts from past variability in weather conditions. Future
impacts may be disclosed using projections based on the same metrics (for example, future impacts of heat on
sales) or using aggregate metrics that reflect the net risk for the firm, accounting for risk-management
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measures (such as insurance, planned retrofitting of facilities). Physical climate risk assessments should
cover, at a minimum, all material facilities or critical facilities, as well as vital suppliers.

Metrics for projected impacts may include a combination of:

e the number of sites and business lines exposed to relevant climate impacts

e the projected changes in production, revenues, operational expenditure (opex) or capital expenditure
(capex) due to climate change

e value-at-risk from probabilistic estimates (for example, 1:100 or 1:200) extreme weather event
disruption to operations or production, key suppliers, customers or markets

e annual average losses from projected climate impacts.

Rationale

Estimating the potential financial impacts of a changing climate is complex and data-intensive but not
impossible. Climate scientists have developed a broad body of knowledge that predicts expected trends
resulting from climate change. Corporations have a responsibility to use the best available science to assess
physical climate risks to their activities. They can start by providing simple insights from their assessments of
whether any of their facilities or activities are exposed to physical climate impacts. Firms can then leverage
their knowledge of how past climate-related extreme weather events or weather variability have affected
corporate performance, in order to estimate the potential effect of the forecasted impacts.

The most sophisticated (or most exposed) corporations should consider estimating their annual average losses
and value-at-risk, using climate models to obtain probabilistic estimates of the likelihood of certain events, and
providing a probability-weighted estimate of future financial losses. The TCFD recommended such disclosures
for insurance companies in particular: “Insurance companies should provide aggregated risk exposure to
weather-related catastrophes of property business (i.e. annual aggregated expected losses from weather-
related catastrophes) by relevant jurisdictions”.5 This same methodology could perhaps be applied more widely
for corporations and industries that are highly vulnerable to the effects of climate change.

Recommendation 7: Describe risk management processes for physical climate change impacts
Description

Corporations should describe their processes for identifying, assessing and managing physical climate risks, as
noted by the TCFD. For these physical impacts, aspects of particular interest to financial institutions and banks
include:

e processes to identify and assess material physical climate risks (in line with TCFD recommendations)
and, where relevant, a description of why certain risks are not material.

e insurance coverage: hazards and business perils covered, cost of insurance, total cost of risk

e other risk management tools, including financial risk transfer instruments, self-insurance

e planned improvements, retrofits, temporary or permanent relocation of production capacity, or other
changes to facilities or activities that may reduce their vulnerability to climate impacts

e awareness of critical components in supply chains and plans to increase redundancy or replace those
supply chain components

e engagement with local or national governments and local stakeholders to identify joint strategies for
mitigating climate impact and building climate resilience locally

e corporate climate resilience strategies and relevant efforts (such as management of water, energy and
waste) to increase resilience to the predictable or unforeseen impacts on firms and their value chains.
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Rationale

A firm’s approach to managing physical climate risks will make a tremendous difference in its ability to
withstand impacts over time. While this is a new topic for many firms, showing awareness and engagement on
the issue can help provide comfort and show how the companies’ leadership is paying due attention to these
issues and taking the right steps to effectively mitigate risk. Companies should include concrete, specific
information on how they are assessing impacts, including with regard to their processes and governance, as
well as their technical approaches and use of climate models. Investors, insurers, rating agencies and banks
are most interested in understanding the risk management strategies of corporations: insurance coverage,
remaining net exposure, as well as plans to address known risks that cannot be transferred.

Engagement and cooperation with local, regional and national governments is also critical to improving the
climate resilience of company facilities as well as to protecting the local communities where a company’s staff
and customers live. Firms may be able to take certain actions to improve the climate resilience of their own
facilities, but improved protection may require investments in hard infrastructure at the community or
regional level, 'national capital' protection measures such as restoring wetlands, mangroves and natural
drainage, as well as community education efforts.

e. Summary table: recommendations on disclosing physical climate risks

Table 3. Recommendations and examples of metrics for the disclosure of physical climate risks

Recommendations

Supply chain Operations Markets

» Assess exposure to heat stress, extreme rainfall, drought, cyclones, sea-level rise, wildfire

1. Hazards and other industry-relevant and/or locally specific climate hazards across the corporate
value chain.
« Assess exposure to first-order impacts in the short to medium term (2-5 and 5-20 years) using a
2. Timeframe probabilistic approach and using scenario analysis to assess long-term risks (more than 20 years)

and possible exposure to second-order (indirect) impacts.

» Location (country or city) of critical
business facilities (production,
support systems) and key
distribution or logistics sites, and a
measure of their importance

* Breakdown of sales by
country and by segment

¢ Location (country or city)
of key supplier facilities
3. Geography and a measure of their
importance

» Reduced revenues, including if a
significant number of staff members
are unable to get to work

* Reduced revenues from
lower sales due to

Decreased output and
revenues due to supply

4. Impacts of recent chain interruptions ) i consequences of
extreme-weather . !ncrease in opex (repair costs, extreme weather events
events insurance premiums)

* Increase in capex (fixed-asset
impairment, inventory write-downs)
. . * Increase in opex (energy costs, ¢
 Increase in supply chain negative impacts on workforce) ¢ Reduced revenues from

5. Impacts from costs due to changes in _ lower sales due to
weather variability commodity availability  Increase in capex due to weatheror | 4 rjapility in weather

natural resources

Suppliers or commodities | * Number of sites and business lines  « Markets or sales likely to

likely to be affected by exposed to relevant climate impacts be affected by climate
. climate change « Projected change in production, change
6. Future physical
* VaR from 1:100 or 1:200 revenues, opex or capex due to * VaR from 1:100 or 1:200

climate risks

and annual average loss climate change and loss projections for
projections on disruption | « VaR from 1:100 or 1:200 impact on impact on key customers
to key supplier(s) operations or production or markets
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Supply-chain risk
management strategy

Engagement with
suppliers to help identify,
assess and manage
physical climate risks

Engagement of suppliers
with local and national
governments to identify,
assess and manage these
physical risks

* Annual average losses from
projected climate impacts

* Insurance and risk management
instruments and total cost of risk
(net risk exposure after risk
management)

» Planned improvements, retrofits,
relocation, or other changes to
facilities that may reduce their
vulnerability to climate impacts

» Engagement with local or national
governments and local stakeholders
on local climate resilience
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2. Disclosing physical climate opportunities

The TCFD also encourages firms to disclose opportunities arising from, and in response to the impacts of a
changing climate. This recommendation is critical to ensuring that businesses and financial institutions
continue to thrive in a changing environment. It is also vital for promoting the healthy development of products
and services that cater to new market needs for climate resilience. When considering opportunities, it is
important to emphasise the role of businesses and financial institutions in responding to a changing climate
and providing the necessary goods and services for climate resilience. Identifying these opportunities by no
means implies that an altering climate should be seen as a positive development.

However, the evaluation and analysis of opportunities related to the physical impacts of climate change have
so far received far less attention than the risks. In general, these opportunities are also not as well understood,
and there is a lack of literature to provide in-depth, quantitative analysis.

This section of the report focuses on defining climate resilience opportunities and drafting an appropriate
taxonomy for them. It aims to build awareness of the potential opportunities, and of the role that firms and
investors can play in achieving climate resilience. It identifies the issues that corporations should consider
when preparing disclosures and acknowledges that the development of suitable metrics is still required.

a. TCFD recommendations on disclosing opportunities

In its final report, the TCFD defines “climate-related opportunity” as being “the potential positive impacts
related to climate change on an organisation” and notes that opportunities “will vary depending on the region,
market and industry in which an organisation operates”. The TCFD also recommends that “organisations
provide information specific to the potential impact of climate-related risks and opportunities on their markets,
businesses, corporate or investment strategy, financial statements and future cash flows”. Lastly, the TCFD
also advises firms to disclose how they are improving their resilience to these physical climate risks and
leveraging associated business opportunities, in order to enhance their financial performance in the short,
medium or long term.

The TCFD final report also contains a typology of opportunities and financial impacts covering carbon transition
and physical changes. It presents these under the following categories: resource efficiency; energy sources;
products and services; and markets and resilience. The TCFD recommendations generally emphasise carbon
transition more than the physical impacts of climate change, and risks more than opportunities. This reflects
the focus of the Paris Agreement. It also reflects the limited information and guidance available to the private
sector on the financial risks and opportunities arising from a changing and more variable climate.

This section aims to supplement with more detailed guidance the high-level TCFD recommendations on
disclosing these opportunities.

b. Identifying climate-related opportunities

i. How climate change creates opportunities for businesses

Discussing business opportunities from climate change is a sensitive topic: climate change portends disaster
and loss of lives and value for many around the world, and businesses may be concerned about being seen as
insensitive to the risks and damages that others face. Yet business engagement with climate resilience is
critical to building socio-economic resilience. In a market economy, public welfare relies as least in part on the
ability of markets to innovate, develop new technologies, and cater to new market needs as people adapt to
new conditions. Business ingenuity and resources are needed alongside public efforts and community support
to address climate change and its consequences.
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Resilient infrastructure and the deployment of new technology also require massive investment, which public
finance institutions actively seek to make more attractive to private capital. Highlighting the benefits of climate
resilience and business opportunities linked to climate change is a natural first step towards engaging financial
institutions on the topic of climate resiience.

ii. Climate opportunities: a taxonomy

There is no agreed methodology or protocol for identifying, assessing and disclosing opportunities arising from
the physical impacts of a changing climate. Climate resilience is a highly complex market to measure. It lacks
clear boundaries and few studies have attempted to quantify the economic implications of new products and
services that would be needed as the world adapts to climate change. The acute and chronic changes in
climate that the world will experience - even if the objectives of the Paris Agreement are fulfilled - are
significant and will create market shifts.

This section builds on emerging analysis® to identify three broad types of opportunities related to physical
climate change impacts.

1. Opportunities related to managing existing physical climate risks: Climate change already affects
corporations throughout their value chains. As Section 1 on the disclosure of physical climate risks
notes, although corporations may not yet have identified and reported the effects on core financials, the
impacts remain real. The effective management of these risks may create opportunities to improve
financial performance. Changes in revenues, costs and expenditure for example - attributable to
preparation for extreme events, contingency planning, event recovery, changes in operating
performance, supply chains and customer needs - may improve business processes, efficiency, savings,
upgrades to equipment or site retrofits that benefit businesses more broadly. Thus, avoiding the costs of
physical climate risks can indeed be seen as an opportunity.

2. Opportunities to respond to new emerging physical climate risks: As the acute and chronic effects of a
changing climate become more visible, it is inevitable that new physical climate risks will emerge and
require responses. Opportunities may arise from planning ahead to manage predicted physical climate
risks.

3. Opportunities to adapt to market shifts and cater to new market needs: The fundamental shifts in
climate over the longer term may affect value chains and drive new consumer needs. For example,
water-permeable pavements, or technology to keep buildings cool, are likely to be in higher demand over
time, along with water- and energy-efficient technologies, or crops that are better suited to chronic
changes in precipitation and temperature.

This framework invites firms to consider short-term and long-term opportunities alike, as well as opportunities
to improve internal processes (efficiency, risk management) and expand into new markets as the impacts of
climate change become prevalent.

iii. Physical climate opportunities, by industry

Just as some industries are more sensitive to physical climate risks, due to the very nature of their activities,
others are better positioned to provide the products and services needed as the world adapts to climate
change.

Climate resilience investment opportunities can be broken down into ‘horizontal’ and ‘vertical’ solutions:?

e Horizontal solutions include products and services for physical climate risk analytics and climate
resilience that are relevant to all public and private organisations looking to manage physical climate
risks and build climate resilience. Products and services may include, for example, engineering,
consulting, forecasting, modelling, monitoring and risk management, as well as data and technology
development (climate and weather modelling, sector-specific data aggregation and analysis).
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o Vertical solutions include products and services that cater to specific business sectors that actively
manage physical climate risks to businesses and which have unique needs. Examples include:

0 Water sector: water-efficiency software and meters; technologies for water reuse and desalination.

0 Food and agriculture sector: companies developing drought-resistant seeds, drip irrigation and
precision agriculture.

0 Healthcare sector: vaccine and pharmaceutical products that address tropical disease vectors.

0 Financial services sector: climate-related risk insurance, risk assessment and parametric
insurance.

Table 4 presents examples of industries that could grow due to demand for climate resilience services and
products. It gives examples of the climate resilience opportunities that could arise from either managing
physical climate risks (existing or emerging) or responding to market shifts, along with their potential financial
impacts. Opportunities related to market shifts can emerge from new geographies or new products and
services, as well as from innovative ways to adapt existing circumstances to climate change. Note: this table is
provided for illustrative purposes and is not an exhaustive list of opportunities for these sectors.
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Table 4. Opportunities from climate change: examples for key industries

Potential financial
impact®

GICS sector Potential financial impact®8  Opportunity to respond to
market shifts, develop or

promote new products or

Opportunity to manage
existing and emerging

physical climate risks

Consumer
discretionary10

Consumer staples

Energy

Financial services

Health care

Information
technology

Anticipating higher or lower
demand for specific goods
due to physical climate
impacts, and adjusting
production accordingly

Investing in climate and
weather modelling for the
purposes of growing crops

Investing in drought-
resistant seeds

Maintaining power
generation plants to ensure
they can cope with a
changing climate

Using water-efficiency
software to ensure better
planning for hydropower
plants

Implementing new
modelling techniques that
include the impacts of
climate change on core
financial metrics
Reducing distances
travelled for temperature-
sensitive products

Protecting servers and
information storage
devices against extreme
heat

Increased reliability of
supply chain and ability to
operate under various
conditions

Increased reliability of
supply chain and ability to
operate under various
conditions

Increased revenue thanks
to new products and
services related to
ensuring climate
resilience

Increased revenue
through access to new
and emerging markets
Increased reliability of
supply chain and ability to
operate under various
conditions

Increased market
valuation through climate
resilience planning

Increased reliability of
supply chain and ability to
operate under various
conditions

Increased reliability of
supply chain and ability to
operate under various
conditions
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cater to new markets
Developing tourism in
new locations

Providing customers with

responsive energy
services that help
manage variability in
temperature and energy
consumption

Providing climate-related
risk insurance

Providing mosquito nets
to areas exposed to
vector-borne diseases

Providing data analytics
and developing software
on climate-related
impacts

Better competitive
position that reflects
shifting consumer
preferences, resulting in
increased revenues

Increased revenue
through access to new
and emerging markets

Increased revenue
through products and
services ensuring
climate resilience

Increased revenue
through products and
services ensuring
climate resilience
Increased revenue
through new solutions
to climate resilience
needs

Increased revenue
through access to new
and emerging markets

Increased revenue
through products and
services that ensure
climate resilience
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Industrials Investing in energy
efficiency and water
efficiency for

manufacturing sites

Enhancing airport

infrastructure to adapt to

climate impacts (for

example, longer runways)
Materials

Real estate Consulting services on
asset location to assess

climate exposure

Telecommunication
services

Protecting data centres
against flooding and
extreme heat (switching
from copper to fibre-optic
cables)

Using remote monitoring of
assets

Utilities

Source: Acclimatise.

Reduced operational
costs

Increased reliability of
supply chain and ability to
operate under various
conditions

Increased market
valuation through climate
resilience planning

Increased reliability of
supply chain and ability to
operate under various
conditions

Increased reliability and
efficient operation of
assets, boosting ability to
operate under various
conditions and maintain
operational flexibility

Note: ‘GICS’ denotes the Global Industry Classification Standard.
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Responding to new
insulation needs in the
built environment due to
higher temperatures

Providing climate-resilient
construction products

Providing advisory
services on techniques for
constructing resilient
buildings

Investing in buildings that
are both energy efficient
and climate resilient

Commercial and retail
property owners investing
in technologijes to cool
buildings and retrofit
existing properties

Increased revenue
through access to new
and emerging markets

Increased revenue
through products and
services that ensure
climate resilience

Increased revenue
through products and
services that ensure
climate resilience

Adopting a better
competitive position
that reflects shifting
consumer preferences,
resulting in increased
revenues
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c. Scope, timeframe and level for disclosing physical climate opportunities

Disclosing opportunities that may arise from climate change raises challenges with regard to the disclosure of
forward-looking information. Corporations may also be sensitive about disclosing to investors and competitors
guantitative or qualitative forward-looking information about market analyses and anticipated market
conditions. This section suggests approaches to addressing these issues.

i. Scope

Recommendation 8: Identify opportunities based on managing physical climate risks and related
market shifts

Description

Corporations and financial institutions should strive to identify opportunities in managing existing physical
climate risks and responding to emerging risks.

Corporations should also assess the potential changes in their value chains and explore the potential market
shifts as customer needs change. They should target their products and services to cater to growing demand
for climate resilience solutions.

Rationale

Climate change is under way, and the impacts can be seen in past and current financial indicators. Companies
that are able to assess the indicators within their current core financials and the changes they have observed
in recent years will be well placed to manage their existing risks, reduce costs and improve performance.

As the acute and chronic impacts of a changing climate increase, they will become more evident throughout all
the elements of corporate value chains. Firms may build on their internal climate risk assessments to identify
how addressing these risks may drive cost savings or other business improvements. These improvements may
include efficiency, better risk management (across all risks, not just climate change), more effective internal
communications and culture, a reduced risk of disruption in the supply chain, and so on. In general, most
metrics identified as being potential signals of financial impacts from physical climate risks may become
indicators of opportunities to reduce these risks.

Similarly, firms may not be aware of the growing business opportunities tied to climate change if they do not
actively seek information about their customers’ and target markets’ risk profiles and evolving needs.
Companies in the sectors highlighted in Table 4, in particular, are advised to investigate opportunities in key
markets and opportunities to invest in innovation and develop new products.

ii. Timeframe

Recommendation 9: Assess physical climate opportunities over timeframes relevant to business
planning

Description

Corporations should define the appropriate timescales in which to report opportunities in consultation with
their investors. The preferred timescales will vary by sector.

e Opportunities in response to managing existing physical climate risks that affect recent and current
accounts and the next year’s accounts should be reported as part of core financials.
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e Those opportunities that arise from responding to emerging physical climate risks should be included
in core financials where the impact is expected to affect current management accounts and future
short-term trading as well as statements issued to investors on market conditions.

e Opportunities arising from market shifts are unlikely to be reported quantitatively and their disclosure
would be more appropriate in the context of general reporting on future business expectations.

Rationale

When considering the timescale for opportunities, this report emphasises the need for corporations and their
investors and banks to take a longer-term view than they currently do. Corporations and financial institutions
should increase their understanding and awareness of the changes in our climate. Those sectors that might
typically have used shorter strategic timeframes for planning must recognise that maintaining business models
that use a restricted time period may result in a failure to identify the systemic changes under way and the
opportunities they create.

Entities making disclosures need to ensure that they communicate clearly the timespans over which core
financial information is reported, especially if these periods extend beyond typical accounting periods. This is
necessary to encourage investors, analysts and commentators to focus on the rationale driving the
assessments of future opportunities.

iii. Level

Recommendation 10: Disclose physical climate business opportunities at the segment level; for
critical facilities, disclose climate resilience benefits at the facility level

Description

Opportunities may be disclosed at different levels to best serve firms and investors.

Opportunities due to shifting market demand or new products should be reported at the segment
level,11 in line with risk disclosures.

Benefits from managing existing or emerging physical climate risks may be disclosed at the segment
level (for process or supply-chain improvements, for example). For critical facilities, it may be
advantageous for firms to disclose significant climate resilience upgrades or strategic improvements
at the facility level, to showcase good stewardship and provide confidence that critical facilities

are protected.

Rationale

It may be seen as desirable to report climate resilience opportunities at the level of individual assets within a
business. However, caution may be required in promoting disclosure at levels below those of business models,
market geographies or products and services, when no similar reporting is currently undertaken at this level by
corporations. As Section 1 suggests for physical climate risk disclosures, a pragmatic level of disclosure for
corporations might be at the segment level for their key products and services. Alternatively, reporting on key
elements of a firm’s value chain may be desirable.

d. Metrics for disclosing physical climate opportunities

The TCFD’s focus on disclosing against core financials is essential if the private sector is to accept its role in
achieving the transition to low-carbon economies, managing and responding to the physical climate risks and
providing solutions to help social, economic and environmental systems adapt and build climate resilience.
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Firms should acknowledge the importance of accurately accounting for the opportunity effects on their core
financials arising from actions to manage current physical climate risks and respond to emerging risks.
Concerns about commercial confidentiality and forward-looking statements, however, are relevant and cannot
be dismissed lightly. The recommendations in this section cover this focus on financials and provide pointers
on addressing concerns about confidentiality.

i Metrics for climate resilience benefits

Recommendation 11: Disclose benefits from climate resilience investments using the same metrics
as for the disclosure of physical climate risks

Description

It is essential to develop metrics to assess opportunities, thus enabling comparisons to be made between
companies and across sectors.

e Corporations should adopt the same core financial metrics as those recommended in Section 1d for
opportunities that arise from the management of existing physical climate risks and responses to
emerging risks. These metrics may include impacts on revenues, operating expenses, capital
expenses, supply chain costs, value-at-risk, or projected annual average losses (see Table 3).

o Whenever possible, companies should disclose public co-benefits from their climate resilience
investments. These benefits may be disclosed qualitatively or quantitatively.

Rationale

Quantifying the reduction in costs and the losses avoided is consistent with the disclosure of physical climate
risks and provides a direct way to quantify financial benefits. Entities making disclosures may find it difficult to
identify in their accounts physical impacts of climate change and/or expenditure related to their response to
these impacts (for example, through building climate resilience). Corporate financial datal2? should eventually
be a useful source of information, but at present its use is limited because accounting practices do not take
into account the assessment and disclosure of physical climate risks and opportunities. Revenue changes
driven by customers responding to acute and chronic physical impacts of climate change, or investments in
capital expenses and/or operational expenses to build climate resilience, may not be identifiable in a
company’s accounts as being driven by physical climate change.

Qualitative ‘soft’ reporting is more easily achievable at present. Indeed, this may be the form that many
corporations choose to adopt for their reporting, particularly in situations where it is not possible to provide
core financial metrics because of the constraints of existing accounting processes. Corporations should still
seek to develop quantitative metrics that would allow external disclosure and subsequent interrogation by
shareholders and other stakeholders, where appropriate. Where risks and materials could become material in
the future, the TCFD advises “disclosure of climate-related financial information outside financial filings to
facilitate incorporation once the issues are determined to be material”.

Public co-benefits from climate resilience investments include a company’s investments in climate resilience
that have broader socio-economic or environmental benefits for communities, ecosystems and public
infrastructure. These benefits may be accidental or intentional; for many firms, the best way to build climate
resilience is to invest in surrounding communities.

It would be beneficial to understand how positive externalities associated with climate resilience activities can
be factored into the disclosure of opportunities, recognising that they may deliver a broader dividend that
safeguards the firm'’s licence to operate within the social and environmental context where it is located. There
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may also be ‘ripple’ effects as secondary and tertiary benefits are created beyond the primary financial
benefits of an investment in an opportunity that derives from climate change. Assessing these externalities will
require a widely agreed accounting framework across multiple regulatory regimes if there is to be any
consistency. Such a framework would provide investors with a degree of confidence that the benefits may be
reflected in core financials and valuations

Recent work by multilateral development banks (MDBs) on the development of metrics for climate resilience
results may provide some insights into how metrics may be used for disclosing climate-related physical
opportunities. The MDB Climate Finance Group has developed a system of metrics for climate resilience
results? that centres on defining the inputs, outputs and outcomes of climate resilience investments in both
non-financial and financial terms. The EBRD has developed a further iteration of this joint MDB approach,
which it has integrated into the monitoring, reporting and evaluation of its Green Economy Transition
approach.1* This entails expressing climate resilience outcomes in non-financial or physical terms, and then
valorised in order to express a monetised climate resilience outcome (or ‘climate resilience benefit’) in
monetary terms. However, further work may be needed to explore how corporations and commercial financial
institutions could apply these approaches in the context of climate-related financial disclosures as
recommended by the TCFD.

One of the main issues to be addressed is that MDBs and development financial institutions are required to
report the wider ‘public good’ benefits - including climate resilience benefits - that their investment
operations deliver, whereas commercial entities are primarily interested in how the physical impacts of climate
change affect their core financials. A possible way forward on this issue would be to explore how the above
MDB system could be applied through the core financials that are set out in the TCFD, namely, expenditures,
revenues, assets and liabilities, and capital and financing.

ii. Metrics to disclose business opportunities from a changing climate

Recommendation 12: Include physical climate business opportunities in qualitative disclosures
Description

The disclosure of opportunities involving market shifts and new products and services can be achieved by
qualitative disclosures of the lifecycle of new commercial opportunities. The disclosures may include
information on:

e the development stage of endeavours

e how the new area of business explored is related to the company’s existing core lines of business: is this a
minor non-core business or adjacent to and synergistic with a core business of the company?

e size of the potential market (at a qualitative level): does the new climate-related business that may
potentially emerge address a sizeable market where the company has substantial advantages or is it a
minor, non-core business?

e approximate length of time until commercial viability (in order to avoid creating premature expectations).

Rationale

Corporations face a trade-off between communicating to investors that they are adequately and proactively
preparing for climate change, including by seeking new opportunities, and concerns over disclosing potentially
sensitive information to competitors. They also need to set and manage reasonable expectations for investors
regarding the timeframe and size of the opportunity, against a backdrop of relative uncertainty. Disclosing
qualitative information about the process and strategy, as noted above, without providing explicit details of
their plans, may achieve a suitable balance between these concerns.
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These disclosures can then be used to assess the firm’s capacity to respond to the challenges of a changing
climate. They can also provide a clear indication to investors and other stakeholders that the company’s
management is proactive and understands the implications for its business model. The disclosures will also
allow investors and others to recognise trends (for example if several firms in the same sector indicate that
they are pursuing a promising opportunity that is already at the prototype stage and is about three to five years
from commercialisation).

In order to set out their strategies for assessing market alterations driven by a changing climate, companies
may use collaborative market analyses, commissioned and planned research, results of pilot tests,
assessments of market potential undertaken with government agencies, and identification of markets,
products and services representing new and/or synergistic business opportunities and the associated
timeframes.

e. Summary table: recommendations on disclosing physical climate opportunities

Table 5. Recommendations on metrics for the disclosure of physical climate opportunities

Recommendations

« Identify opportunities inherent in managing existing and emerging physical climate risks
« |Identify opportunities based on adapting to market shifts driven by a changing climate
» Assess and disclose opportunities using adequate timeframes, according to the industry and the
type of opportunity:
9. Timeframe ¢ snapshot of current context (shortest timeframe)
¢  business planning timeframe
« asset lifespan (longest timeframe)
« Disclose business opportunities at the segment level

8. Opportunities

Ao iz » Disclose climate resilience benefits at the facility-level for critical facilities
« Disclose benefits from climate resilience investments using the same core financial metrics that
11. Metrics for are used for the disclosure of physical climate risks
climate resilience « In addition, whenever possible, assess and disclose public good co-benefits from climate
benefits resilience investments (in other words, the wider economic benefits of managing physical
climate risks)
« Disclose qualitative information on the lifecycle of a new commercial opportunity, including:
12. Metrics for » the development stage of the endeavour
business « the business area and connection to company’s core business
opportunities « the size of the potential market

e the approximate timeframe for commercial viability
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3. Scenario analysis for physical climate risks and opportunities

The numerous uncertainties surrounding climate change naturally lend themselves to the use of scenario
analysis. Yet the specifics of how best to use scenarios to explore these uncertainties and integrate climate
change into business planning also raise many challenges.

The TCFD recommendations strongly advocate the development and use of scenarios when analysing climate
risks and opportunities, a recommendation that many financial institutions and some corporations are already
dealing with. The implementation of these recommendations, however, raises methodological and conceptual
issues that call for further guidance. In order to contribute to the discussion about physical risk scenarios, this
section focuses on how to use scenario analysis to assess uncertain second-order impacts of climate change
on corporate value chains, trade flows, and the broader macroeconomic environment, in the context of
business planning and possible financial disclosure.

a. What we mean by scenarios

i. Scenarios are different from forecasts

Scenario analysis is generally defined as a method for developing and thinking through possible future states
on the basis of different scenarios.1> The technique does not aim to accurately predict the future but rather
seeks to focus attention on causal processes and crucial decision points. By doing so, scenario analysis
highlights fundamental uncertainties underlying the strategic decisions that managers must make and helps
develop better strategies to overcome the perceptual bias of managers. 16 17 18 19

The public and private sectors have used scenario analysis and strategic planning since the 1950s. Royal
Dutch Shell (Shell) is often cited as the originator of scenario analysis as we know it today. In Shell’s approach,
scenarios are not descriptive predictions but rather hypotheses about what the future may look like. Therefore,
multiple scenarios can be created to accommodate alternative views such as the perspectives of different
stakeholders. This helps decision-makers build consensus for change.20

In the context of TCFD recommendations, scenario analysis is intended as a tool to address challenges and
acquire key information.2! Scenarios are understood to provide a narrative, either qualitative or quantitative,
which “describes a path of development leading to a particular outcome”.22

Shell notes that it uses different types of scenario: from published ‘context exploring’ scenarios used to
consider external issues that may affect their business, to ‘decision-centred’ scenarios, which are part of their
internal decision-making processes.23

The types of scenario that could ideally be considered for scenario analysis are ‘context-exploring’ scenarios
(‘views of the world’) modelled on the approach of Shell, which allow organisations to capture opportunities
and understand risk. The value of developing context-exploring scenarios is in being able to establish a
company view of various plausible futures in the face of uncertainty. It also provides investors with a narrative
about the company, its management capabilities and its awareness of emerging changes to markets and of
new business drivers.

ii. Developing physical climate risk scenarios requires socio-economic and climatic input

In order to encourage the adoption of scenario analysis, the TCFD recommendations include a technical
supplement on the use of scenario analysis in disclosure of climate-related risks and opportunities. However,
this supplement focuses almost exclusively on carbon transition risk. It offers limited guidance on how to
include physical climate risks and opportunities in scenario analysis. This is also true of most other published
guidance documents and best practice examples of scenario analysis. In fact, the development of physical
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climate risk scenarios has lagged behind in comparison to carbon transition scenarios; comprehensive
hypothetical scenarios have not yet been developed or established for scenario analysis of these risks.

A wide body of literature has emerged that suggests various scenarios for energy and carbon transition, with
organisations such as the International Energy Agency spearheading the effort, with over 100 carbon
transition-pathway scenarios.24 25 For carbon transition risks, scenario analysis involves setting out changes in
the global energy balance and in country-specific energy, developments in international policy such as carbon
prices, and implementation of the Paris Agreement, as well as technology breakthroughs such as electric
vehicles.

In contrast with these scenarios, which model the impact of carbon transition risk, the economic implications
of physical climate change have not been modelled and packaged for business use with breakdowns for sector
and country impact. Sector-level climate impact studies, which use climate model outputs, and integrated
assessment models (IAMs), in which biogeochemical and socio-economic components are integrated into the
overall model, can be used to explore risks at the sector, system and spatial levels over time. However, the use
of IAMs to analyse climate impacts has been far less systematic and limited to a few sectors (for example,
agriculture, water, and coastal zones).26

iii. Climate scenarios are at the root of scenario analysis of physical climate risks and
opportunities

Climate change is just one of the drivers that influence scenario analysis as intended in this report.

The bases of evaluating physical climate risks are Intergovernmental Panel on Climate Change (IPCC) climate
scenarios that show how increases in global mean temperatures are driven by concentrations of GHG
emissions in the atmosphere. The higher the concentration of GHGs, the higher the likely increase in global
mean temperature will be. The difference between one GHG concentration scenario and another depends on
the carbon transition pathways taken (that is, the use of regulations and technologies that influence the
emission of GHGs into the atmosphere). Four possible pathways for GHG concentration (Representative
Concentration Pathways or RCPs) are described by the IPCC, as illustrated in Table 6.27

Table 6. IPCC projections of increases in global mean temperatures, based on different RCPs over the medium and long
term

Medium term: Long term:
2046-2065 2081-2100
GHG Mean and Mean and
concentration  likely range (in °C) likely range (in °C)
scenario
RCP 2.6 1.0 (0.4 to0 1.6) 1.0 (0.3t0 1.7)
RCP 4.5 1.4 (0.9 to 2.0) 1.8 (1.1to 2.6)
RCP 6.0 1.3(0.8t0 1.8) 2.2(1.4t03.1)
RCP 8.5 2.0 (1.4 to 2.6) 3.7 (2.6t04.8)

The temperature increases corresponding to the different GHG concentration pathways are then used in
climate models to project how changes in global mean temperature may affect other climate-related variables,
such as wind speed, rainfall patterns and tropical cyclones. These models are built on the fundamental laws of
physics and chemistry. Their outputs are generally used in climate risk assessments (also called climate
impact assessments or models) to analyse how a temperature scenario associated with a particular GHG
concentration pathway may affect various sectors of the economy. IAMs, as mentioned earlier, have been used
to assess impacts in a number of sectors.
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In the example provided in Figure 4, various GHG concentration pathways result in a range of projected
changes in global mean temperature. The consequent projected changes in climatic conditions across the
globe (temperature, precipitation and so on) are then used in climate impact models to calculate the effects on
yields of agricultural commodities, for instance. The financial implication of these scenarios may then be
measured in terms of changes in commodity production and price.

Similar climate impact assessments can be undertaken to calculate the effects of changes in global mean
temperature on other climate-related variables and other economic sectors. For example, climate projections
can be used to evaluate the potential future frequency of floods, which can then be used to evaluate the
financial implications of such events, such as the impacts on property values.

Figure 4. IPCC climate scenarios are at the root of physical climate impact assessments and further evaluation of potential
impacts in socio-economic systems.

Different GHG concentration pathways result in ranges of projected changes in global mean temperature. The “Baseline”
area shows the path in the absence of climate policies. “Below 2°C” shows the path needed to keep warming below 2°C
from pre-industrial levels by 2100. The temperature ranges shown are the median pathways required to meet targets with
a certainty of 66 per cent. The “pledges and Intended Nationally Determined Contributions (INDCs)” area is based on
pledges or promises that governments have made since 2015 in the context of the Paris Agreement. In turn, projected
changes in climatic conditions (temperature, precipitation and so on) are then used in climate impact assessments or
models to calculate the effects in a particular sector.
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Recommendation 13: Consider current and desired GHG concentration pathways and related
warming projections as a basis for scenario analysis of physical climate risks and opportunities

Description

Firms should not be concerned with developing new climate scenarios themselves. Instead, as a basis for their
scenario analysis of physical risks and opportunities, they should consider at least two main types of climate
scenario that have already been developed. These cover the current and desired pathways of GHG
concentration (see Figure 4 above). They are:

e Current GHG pathway: National climate policies currently in place around the world are projected to reduce
baseline emissions, which would result in warming of about 3.4 °C above pre-industrial levels.28

o Desired (‘aspirational’) GHG pathway: These are scenarios compatible with limiting warming to below
1.5°C by 2100 (with a probability 250 per cent), and to below 2°C in the 21st century (with a probability of
about 80 per cent).

Some degree of consistency in the use of climate scenarios would also enable potential comparison of
scenario outcomes for corporations, for example within an investor’s portfolio. However, a fully standardised
approach is not desirable (see the following sections).

Rationale

In carbon transition-risk scenario analysis, corporations and investors have to explore the reasonable worst
case in terms of financial impacts, which corresponds to the 1.5°C scenario in which fossil fuels would be
abandoned. However, on the physical climate risk side of scenario analysis, corporations must assess the
emissions pathway that the world is currently on, namely, nearly 4 ° C of warming. The unconditional pledges or
promises that governments have made, including Nationally Determined Contributions (NDCs) to the Paris
Agreement as of November 2017, would limit warming to about 3.16°C above pre-industrial levels, or in
probabilistic terms, would likely limit warming to below 3.5°C. 22 However, these NDCs cannot yet be
considered to be business as usual. As a wide gap remains between the current policies and the pledges made
by governments, for the time being it is wise to use warming projections that reflect only existing policies.

Corporations should also jointly assess the desired 2°C and 1.5°C scenarios, because long-term impacts
under these two scenarios are likely to be similar over the next 20-30 years. For this reason, the climate
resilience investments that firms need to undertake for either scenario would be indistinguishable.

b. Why conduct scenario analysis for physical climate risks and opportunities?

Climate change impacts affect most sectors and most regions in the world. Climate impacts - in particular,
second-order impacts - are difficult to predict and even harder to mitigate through traditional approaches to
risk management. The uncertainty about the impacts of a changing climate and the policy and regulatory
responses present significant new challenges when compared with other environmental problems that
society faces.

The main reason to undertake scenario analysis is, therefore, to obtain a comprehensive assessment from
firms of their physical climate risks and opportunities. Firms should achieve this by exploring different
possibilities of what might happen in future despite uncertainty and by integrating climate change
considerations into their existing business strategies and financial planning.

For corporations and financial institutions the direct value added by undertaking scenario analysis is that it
enables them to align their business strategies, which will make them more robust.

This exercise will also be beneficial in light of policy and regulatory developments. These developments include
compliance with TCFD recommendations and further integration of climate considerations into current
reporting frameworks, as well as stronger mandates for climate-related financial disclosure.
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A general set of principles for the use and development of scenarios emerged from the 2017 TCFD-BoE
conference. These principles could help guide organisations through scenario selection: 30

e Use multiple sources for data and narratives, and search out insights from new sources.

e Ask “What do | have to believe for this scenario to be plausible?”

e Be sceptical about scenarios that look like the past.

e Use the most current data and reference sources.

e Ensure that your scenarios reflect the variety of spatial, political, social, regulatory and environmental
factors in the countries and subnational areas in which you operate.

Recommendation 14: Integrate scenario analysis of physical climate risks and opportunities into
existing planning processes to ensure strategic, flexible and resilient businesses and investments

Description

Climate scenarios and output should be integrated into the existing business and investment planning of
corporations. Some firms - particularly large companies in specific industries - already produce scenarios as
part of their business-planning and risk-management processes.

In an ideal situation, companies and investors alike would develop scenarios and undertake scenario analysis
of physical climate risks and opportunities.

Rationale

Running scenarios on physical climate risks and opportunities provides assurance that a company is
considering a broad range of potential outcomes arising from a changing climate, in addition to other
parameters, and can put in place measures to tackle those. It enables the company to make strategic
decisions while demonstrating to investors that various risks and opportunities have been considered.
Furthermore, although investors do not currently require transparency on climate issues, it is likely that they
will as more climate data becomes available.

Therefore, the main motivation for firms (and in turn, for investors) to undertake scenario analysis is to
understand a changing world and make the right strategic decisions. In this sense, the real value of scenario
analysis is the ability to ensure strategic, flexible and resilient businesses and investments, and is not the
disclosure process in itself.

Scenario analysis from the perspective of firms:

e provides a strategic business planning tool to identify changes in the risk landscape and potential
business opportunities

e enables the construction of plausible views of the future

o allows ‘what-if’ analysis to be undertaken as well as stress-testing of existing and alternative business
plans.

Scenario analysis from the perspective of financial institutions and investors:

e demonstrates that there is a high degree of management capability and expertise

e builds confidence that a company has an external perspective

e provides a view of the future and a vision

e enables investors to assess growth potential and current & short-term performance

e enables investors to compare and contrast corporates’ scenarios against their own scenarios.
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Some remaining challenges may slow the adoption of scenario analysis. First, the development of scenarios
requires leadership at the board level and an ongoing commitment from firms to use time and resources. Not
all companies are ready or willing to invest in scenarios such as those used by Shell, which would imply
considerable effort and often exceed the information requirements of the company’s investors. However, a
company could undertake scenario analysis without deploying a full team of scientists.

Second, scenario development is iterative; scenarios need regular reviews to ensure that they reflect the latest
information available. Companies would therefore need to monitor their scenarios constantly. But while they
need to monitor risks, the scenarios themselves do not necessarily need to be updated constantly in order to
see benefits.

Recommendation 15: Avoid standardised scenario analysis in order to have a more comprehensive
range of outcomes

Description

Firms are developing their ideas about if and how to standardise their approach to running scenario analyses.
In this endeavour, they could use scenarios of physical climate risks and opportunities that others have already
developed or build new ones of their own.

Ideally firms should look at more than one scenario and multiple climate models in order to have a more
comprehensive range of potential outcomes. Although a degree of comparability is desirable, this report also
recommends that corporations develop their own scenarios, which should be highly contextual and based on
the values and views of individual firms.

Rationale

As scenarios are meant to be alternative views of the future, no single scenario will be correct on its own. In
addition, the use of climate change scenarios to assess business implications remains at an early stage. Due
to scientific uncertainty, none of the current scenarios can be seen as the most plausible view of the future.

A standardised scenario would mean overlooking risks and would prevent different businesses from having
their own view of the world in the context of their own value chains. Ultimately, it would stifle innovation.
What can be standardised, however, is the guidance on undertaking scenario analysis, which would
enable easier comparisons across companies, sectors and assets.

There would be significant value in having more scenarios published. It would help to capture a wider variety of
risks, opportunities and market shifts. Sharing experiences of scenario analysis across organisations is
therefore critical to advancing their use.31

c. Which climate impacts should be considered

Section 1 on the disclosure of physical climate risks provided a simple overview of climate impacts by industry.
First-order impacts such as extreme heat and extreme rainfall can be explored using probabilistic modelling.
They can therefore be integrated into a standard risk assessment. Second-order impacts are much harder to
model and predict, as they follow diffuse pathways from the initial hazard or trigger to the final impacts. They
are well suited to scenario analysis because they are impossible to predict with precision, but must be
considered due to their wide-ranging and potentially catastrophic effects. Three examples of the
macroeconomic impacts of climate are shown below.
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i Climate impact on economic growth

Among other elements, economic growth is affected by factors such as resource endowments,32 productivity,
consumption, and the amount of private and government investment. Each of these determinants is likely to
be affected by climate change, as Figure 5 illustrates.

Figure 5. Macroeconomic impacts of climate change

Source: Four Twenty Seven.

We can also expect monetary indicators to be affected by climate change. Inflation can be expected to
accelerate due to any economic activity that reduces the supply of goods, such as agricultural products.
Interest rates are also sensitive to climate events. For instance, Hurricane Harvey in 2017 affected market
expectations, temporarily slowing the job market, retail sales and manufacturing. The economic effects of the
hurricane played a role in keeping central bank interest rates low through the third quarter of 2017.33

ii. Climate impact on global trade flows

Changes to the climate will affect global trade patterns through long-term impacts such as changes to the
comparative advantages of countries. They will also have first-order impacts such as flooded ports and
disruption to supply chains.

All business sectors can be directly affected by acute (extreme event) and chronic (slow-onset and incremental)
climate changes and the impacts on value chains. Sectors are also affected by second-order impacts, for
example the grain price in the United States of America would be affected by movements in the global grain
price due to extreme events affecting rice production in South-East Asia.34 Understanding how climate change

45



Embargoed until 09.30 on 31 May 2018

(along with other social, economic and environmental drivers) will affect a business and its value chain offers a
comparative advantage in terms of adapting and building climate resilience.

Changes to comparative advantage, which drives international trade, will create new economic winners and
losers.35 But in an increasingly interconnected world, all countries face the risk of economic shocks from
damaged infrastructure and supply chain disruptions.

iii. Climate impact on human migration

One of the most important structural impacts of climate change is changes to human migration. Although as
yet there is no legal definition of “climate refugees” or “environmental migrants,” changes to the climate are
already driving forced migration.3¢ Subsistence economies are particularly vulnerable as changing weather
patterns and effects on water resources lower agricultural output.

The macroeconomic effects of climate change are an area rich with opportunities for further study.
Researchers are just beginning to understand the extent of the uncertainties that the world faces with regard
to physical climate risks, and how to best incorporate current knowledge into business strategies and financial
planning. Deepening our understanding of the links between these risks and economic growth can yield
important insights for businesses as they plan for the future.

d. Different types of scenario planning exercise

There is more than one way to conduct scenario analysis. It may be done as a standalone workshop or as a
longer-term planning process undertaken on a regular basis by a single company.

The workshop approach: In long-term planning for financial and operational risk management, financial
institutions such as banks and insurance companies have used a workshop approach. These workshops seek
to incorporate the views and goals of a range of stakeholders.3”

The firm’s approach: scenario planning as a regular exercise. Shell is often cited as having incorporated regular
scenario planning into the firm’s formal long-term planning process. Its approach is to examine in detail
plausible future states (without assigning to them a probability of occurring) in order to challenge the
perception - prevalent in many firms - that present circumstances will persist into the future. In the insurance
industry, Lloyds Realistic Disaster Scenarios help insurers to consider unlikely - but not implausible -
scenarios so they can evaluate the potential implications of a worst-case scenario.

Key steps to scenario planning
Below are some general steps a company might consider during a scenario-planning exercise or when
dedicating resources to scenario planning:38
« Define the geographic scope and the planning goal; identify relevant stakeholders and facilitators.
« Define the most relevant drivers of change (climate and non-climate).
e Address questions about certainties or uncertainties of the relevant physical climate risks and
opportunities.
* Address other drivers of change (socio-economic, political).
e Rank these factors based on their level of uncertainty and importance.
*  Procure data: Using robust data to support scenario development ensures a higher quality of output.
* Build scenarios: Develop scenarios based on uncertainties identified in the previous step. Build
distinct scenarios that portray plausible futures. Consequences of these future scenarios should be
considered.
* Define strategy: Participants in the scenario-planning exercise can think of strategic alternatives,
depending on several possible future states. This should strengthen the company’s strategies and it
should consider those that are applicable in multiple future scenarios.
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e |dentify opportunities to monitor change, identify signposts and scan for changes to the key drivers of
change.

e. How and where to get data

Recommendation 16: Consider data from a wide variety of sources and scales when developing
scenario analysis of physical climate risks and opportunities

Description

It is critical to obtain access to datasets covering climate change and other macroeconomic sources of
uncertainties in climate projections and in the ability to model and forecast (or not) climate impacts. Access to
these datasets makes it possible to lay the foundations for scenarios, including the availability of data at the
appropriate scale.

In order to construct plausible physical climate risk and opportunity scenarios, firms should consider inputs
from a wide variety of sources and levels of detail. These include: scientific data (not only on climate change);
macroeconomic data; socio-economic data; data on political economics and policy; corporate data;
a company'’s vision for growth and market-analysis data; ‘big data’, and so on.

Rationale

The data used to build those scenarios should take into consideration the global, national and sectoral levels.
Moreover, using climate-related data only to build physical climate risk scenarios is not sufficient if firms are to
assess the potential financial impact arising from climate change. The boxes below refer to climate, economic,
policy and sectoral data as a starting point for establishing scenarios.

The sources identified in these two boxes include mainly open-source datasets, unless otherwise specified.
Some datasets provide forward-looking data while others give baseline assessments. Both are useful, as
looking to past and present trends can help to develop assumptions about the future. The lists shown here are
not exhaustive.

Climate-related data

Global models and studies: IPCQ; [IASA SSP databasej KNMI; World Bank Climate Change Knowledge Portal,

OASIS Hub
Regional or national models and studies: Environmental agencies - European Environment Agencj, Uniteg

States Environment Protection Agency (EPA), [Australian Department of the Environment and Energy

Global tools assessing climate risks: (water risk), Swiss Re CatNet?® UNEP GRID|, AON’s Catastrophe]
(especially on droughts)

Sector-level climate impact studies: Bloomberg maps (thermal and hydro power plants)*° Four Twenty Seven
[corporate and sovereign risk)4]

IAMs:42 International Model for Policy Analysis of Agricultural Commodities and Trade (IMPACT])

Economy, policy and sectoral data

Global level:

Economy: |Internationa| Monetary Fund (IMFj, I\Norld Trade Organization (WTO),|43 |OECD|, M/orld Banld

Policy: |Nationa| Determined Contributions (NDCs)|, |Center for Strategic and International Studies (CSIS)|
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https://www.eea.europa.eu/data-and-maps
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Sectoral: [nternational Energy Agency (IEA), Food and Agriculture Organization (FAO), Asset-Level Data Initiative,
Wood Mackenzig44 (energy), Rystad Energy?*s (energy), 46 (cross-sectoral), International Water Management
Institute (IWMI) (water), erd Business Council on Sustainable Development (WBCSDﬂ (energy, food, land,
water)

Technology: Etrategy_g, Nasdag47

National level:

Economy: information from central banks, institutes of statistics

Policy: documents available on portals of ministries of environment, economy, finance

Sectoral: information from national provider networks, for example, the UK national grid

Recommendation 17: Take account of scientific uncertainty inherent in climate data and in scenario
analysis of physical climate risks and opportunities

Description

Corporations and financial institutions are very well accustomed to making decisions within a large spectrum of
uncertainty. In the same way, they should consider and manage the uncertainty that surrounds the use of
climate data and climate science for scenario analysis. Scientific uncertainty should be taken into account and
made explicit when assessing climate-related financial risks and opportunities.

For the purposes of physical climate risk scenario analysis, for example, one main concern is the uncertainty
about the magnitude of climate change after 2050. Temperature variations reach a 0.4 to 1.6°C increase
under RCP2.6 and up to 1.4 to 2.6°C under RCP8.5 for the period 2046-65.48 This implies that longer-term
scenarios are subject to stronger uncertainty compared to those built on shorter timescales.

The timeframe of scenarios is however to be determined based on the company, sector and assets for which it
is constructed. When undertaking scenario analysis of physical climate risks, no timescale should hence be
prescribed as scenarios must fit corporate needs and goals (such as assessing risks, opportunities and market
shifts).

Rationale

It is inevitable that there will be scientific uncertainty about how the climate will evolve in future at the global,
regional and country levels. This is due to uncertainties about:

» future changes in society (population growth and development)

» future GHG emissions that drive man-made climate change

* how to model the earth’s climate system at global and regional scales
e impacts of climate change

* adaptation responses.

Some aspects are more uncertain than others. For example, firms can be confident that average and extreme
temperatures will rise because observations and a range of different climate models all agree this will happen.
But there is less confidence with regard to projecting other aspects of the climate, such as changes in
precipitation and potential exposure to tropical cyclones. Another important source of uncertainty is how these
changes will affect certain infrastructure, sectors and people.
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Figure 6 illustrates the so-called ‘cascade of uncertainty’ in which a range of possible scenarios depend on
how future societies evolve and the amount of GHG they emit. In turn, various global and regional climate
models predict a range of climate change outputs based on these scenarios. Lastly, the effects of these
changes are interpreted through local impact studies.

Taking rainfall as an example, models often disagree on the direction of change (whether rainfall will increase
or decrease in the future at a given location), as well as the magnitude of change. The impact of this relatively
large range on an individual economic system, company or asset relies on many interdependent projections of
other factors, for example, socio-economic development, which are likely to be even more uncertain than the
original rainfall projections. Decision-makers are left with uncertainty (see Figure 6) against which they need to
plan, which can lead them to consider a wide range of adaptation options.

There are a number of ways in which the uncertainty surrounding climate change impacts can be reduced, or
at least better accounted for - first, through advances in climate science (such as observations and
modelling). However, even with continued improvements in climate modelling, uncertainties in projections will
remain for the foreseeable future.

Second, uncertainty can be addressed by a systematic assessment of physical climate impacts and risks -
including scenario analysis. Decision-makers can then test adaptation responses against a wide variety of
plausible future conditions to discover which are the most robust.

In practice, uncertainty should not be a barrier to action. Rather, it needs to be addressed through adaptive
management and the adoption of low regret, win-win measures to build climate resilience.

Figure 6. The cascade of uncertainty and envelope of uncertainty which confront decision-makers

Source: R.L. Wilby and S. Dessai (2010) https://rmets.onlinelibrary.wiley.com/doi/full/10.1002/wea.543
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f.  What to include in disclosures following scenario analysis

Recommendation 18: Disclose qualitative information that is relevant to the company and its
investors

Description

The ultimate objective in disclosing the use of scenarios is to build investor confidence that a company is
meaningfully engaged on the topic of climate change, that it is looking at a broad range of outcomes and is
responsive and proactive, rather than defensive and reactive. In this context, firms should disclose information
on their physical climate risks and opportunities in the way that is most appropriate to them, as well as to their
investors, and to the type of information disclosed or its format (quantitative or qualitative).

For example, companies may not be comfortable about disclosing sensitive commercial information regarding
future investments, or potential liabilities arising from forward-looking disclosures. This complexity should not,
however, deter companies from disclosing at least qualitative information or completing scenario analysis.

Rationale

The outcomes of scenarios can also be used as a basis for starting private conversations with investors on
business strategy before this information is fed into financial reports. Another way to circumvent the issue is to
use scenarios as a way of looking at correlations between climate change and financial impacts. ‘Backcasting’
(as opposed to forecasting) can then help to set up a baseline that makes it easier to grasp future risks without
providing direct, forward-looking disclosures.

Scenario analysis is meant to meet corporate needs and is not aimed solely at climate-change-related financial
disclosures. It is a tool that can suit a company’s purposes. Running a scenario analysis, however, should be
considered only an initial step; a company must then demonstrate how it will address the outcomes of the
analysis through appropriate adaptation measures.

Scenario analysis can be a helpful tool for engaging and communicating with the investment community. It
should be seen as a means more than an end producing a specific metric. As a result, informed discussions
between corporations and investors can enhance business strategies that consider physical climate risks and
opportunities, among other economic and financial factors.

g. Summary table: recommendations on scenario analysis

Table 7. Recommendations on scenario analysis

Recommendations

» Consider current and aspirational GHG concentration pathways and related warming
projections as a basis for scenario analysis of physical climate risks and opportunities

» Integrate scenario analysis of physical climate risks and opportunities into existing
planning processes to ensure strategic, flexible and resilient businesses and investments

» Avoid standardised scenario analysis in order to have a more comprehensive range of
outcomes

« Consider data from a wide variety of sources and scales when developing scenario analysis

13. Climate scenarios

14. Motivation

15. Scenario building

16. Data for physical climate risks and opportunities
17. Scientific » Take account of scientific uncertainty inherent in climate data and in scenario analysis of
uncertainty physical climate risks and opportunities

» Disclose qualitative information that is relevant to the company and its investors
* Consider scenario analysis of physical climate risks and opportunities as an initial
step towards building climate resilience

18. Scenario analysis
and disclosures
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Conclusion

Efforts to formalise and standardise the assessment and disclosure of physical climate risks and opportunities
are still in their infancy. As science and business continue to progress in their understanding of climate
impacts, the recommendations made in this report will evolve over time, informed by emerging practices and
the continuous efforts of corporations, financial institutions, credit rating agencies, industry groups, think-
tanks, regulators and governments to further refine our grasp of what climate change means for business.

For physical climate risks, the key remaining questions to address touch on the materiality of risks and how
best to model and quantify future climate impacts. Fully deploying the recommendations included in this report
will require significant efforts to determine which methodology and assumptions are best suited to estimating
potential future losses or value-at-risk. Over time, quantitative metrics are also expected to emerge, enabling
better reporting and comparison of adaptive capacity and risk management strategies. Lastly, corporate
engagement by investors and banks is likely to play a critical role in improving our understanding of what
constitutes good physical climate risk management practices, and how governance and strategy drive long-
term performance against climate impacts.

With regard to opportunities related to the physical impacts of a changing climate, many questions also remain
to be addressed. One key area for further research is to deepen our understanding of market opportunities,
and develop a methodology or protocol for identifying, assessing and disclosing these opportunities. Questions
also remain about how much corporations would and should disclose about of forward-looking opportunities,
and what information investors can make the best use of. But the greatest challenge of all is probably the
qguestion of how to quantify climate resilience benefits, both public and private. Understanding and measuring
benefits beyond a firm’s direct sphere of influence could prove critical for building broader social resilience.

Lastly, for scenario analysis, this report explored the benefits from a corporate standpoint and, in turn, for
investors. However, this research mostly investigated how to build scenarios rather than how to use them in
making business decisions, or how investors might actually use them. Further guidance is needed on scenario
methodologies, data used, and assumptions, as well as on how scenario analysis relates to business
processes and strategic planning. Such guidance is vital in order to provide a degree of standardisation and
comparability.

For all of these topics, broader cross-cutting challenges may also emerge. For example, in light of ongoing
policy and regulatory developments for climate disclosures, corporations may need to recognise and address
the implications of different regulatory regimes for companies that have multiple reporting requirements.
Climate disclosures will remain a topic of active research and discussion, and this reports aims to support the
emergence of market practices that bring transparency to markets and help build climate resilience in firms
and financial institutions.
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