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Executive summary 

A systemic approach to understanding and addressing sustainability is critical to the financial sector tackling 

the complex network of interconnected issues. Despite growing awareness of the interrelation of challenges 

that face people, nature and climate, we must recognise that integrated assessments of sustainability issues 

remain at an infant stage. To address this will require significant attention in the coming years to bring 

disparate areas of research together in the same dance.  

ClimateWise has long focused on climate-related risk assessment research. In this report we step further 

toward the required systemic approach by exploring the combined financial impact of physical and transition 

risks. As part of the UNEP FI TCFD programme, our research has developed theoretical principles and practical 

steps for implementation of an integrated assessment of physical and transition risks with examples of 

sectoral analysis. The research builds on the existing methodology and tools from ClimateWise and the wider 

market, as well as workshops and interviews with the UNEP FI TCFD programme.  

We propose five principles for conducting a combined assessment of physical and transition risks (integrated 

climate-risk assessment). These principles are then unpacked in a step-by-step process to apply the 

ClimateWise physical and transition risk frameworks, to help financial institutions implement this approach 

and build understanding amongst staff. In the Appendix of this report, sectoral analyses illustrate how the 

principles and steps are applied, for example assets in Sectoral Analysis 1: Aviation, Sectoral Analysis 2: Coal-

powered plants and Sectoral Analysis 3: Offshore wind turbines in the EU).  

Principles for integrated assessment of physical and transition risk 

1. Approach: Conduct transition and physical risk analysis simultaneously

2. Level of analysis: Be sector-specific as well as location-specific

3. Quantification: Capture climate risk impacts via forward-looking metrics

4. Scenario-based analysis: Take into account feedback loops between physical and transition risk

5. Relevance: Align to TCFD pillars

Conducting an integrated climate-risk assessment in line with the principles proposed above can then be 

translated into the following steps. Principles 1 and 2 to set the focus of the assessment are covered within 

Step 1, and Principles 3, 4 and 5 on the design and approach of assessment are captured in Steps 2 and 3 on 

the method of assessment. 

Step-by-step guidelines 

Step 1 – Identification: Choose the scope of risks and sector to be assessed 

Step 2 – Illustration: Capture the interplay between transition and physical risks 

• Identify how transition risks impact physical risks

• Identify how physical risks impact transition risks

• Map out the interaction with a risk matrix

Step 3 – Materiality: Quantify the risk transmission channels 

• Apply climate scenarios suitable for integrated climate-risk assessment

• Interpolate the climate-related risks to financial factors through transmission channel
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Figure 1. Principles and steps of climate-risk assessment integrating physical and transition risks 

 

We took a collaborative approach to exploring the barriers and opportunities for both researchers and finance 

practitioners to evaluate the impact of combined transition and physical climate risk. The principles and 

guidelines developed improve climate-risk assessment and subsequently the business, finance, policymaker 

and regulator’s ability to effectively manage climate risk for society. 

Further research would look to integrate climate-related liability risks with transition and physical 

risks, as well as broaden from climate-related to nature-related risks. 
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1. Introduction  

1.1 Context: UNEP FI TCFD module 

Since the publication of the Financial Stability Board’s (FSB) Taskforce for Climate-Related Financial Disclosure 

(TCFD) recommendations in 2017, UNEP FI has convened pilot programmes with a consortium of banks and 

investors to assist them in implementing the TCFD framework and issuing meaningful climate disclosures. 

Almost 100 financial institutions (banks, investors and insurers) globally have participated in these pilots and 

have been supported by nearly a dozen technical partners, including climate modelers and climate-risk 

experts. The pilot programmes have created numerous tools, frameworks and guides to empower both 

participating institutions and those throughout the financial industry to better manage and disclose their 

climate risks.  

The exercise began with a year-long programme known as ‘Phase I’ of UNEP FI’s TCFD Programme, involving 

16 international banks. The consortium of global banks collaborated to develop assessment approaches for 

physical and transition risks, and opportunities. The pilot created methodologies that were adaptable and 

flexible to banks across geographies and that would promote consistency and comparability. Following Phase 

I, Phase II expanded to include 39 banks, to enhance their climate-risk toolkits and improve their climate-

related disclosures. The programme worked to develop a variety of tools, frameworks and thought papers to 

drive the financial sector forward in identifying, assessing, managing and disclosing climate risks. 

In 2021, Phase III of the TCFD Programme further expanded to include nearly 50 global banks and investors. A 

larger group of participants has provided a range of perspectives from the financial sector which has led the 

programme to develop good practices for climate-risk assessment and disclosure. As part of one of the 

targeted modules on sectoral climate risks, UNEP FI delivered a series of seminars and interactive discussions 

with CISL on the integration of physical and transition risks in the TCFD programme pilot. Participating financial 

institutions took part in a series of workshops and webinars covering the ClimateWise transition and physical 

risk framework, tools and methodologies for assessing climate risks and integrating physical and transition risk 

assessment for specific sectors. This report aims to synthesise lessons from these sessions providing principles 

for integrating physical and transition climate-risk assessment within a sectoral context. 

 

1.2 What is integrating physical and transition risk assessment?  

Highlighted by TCFD, scenario analysis is useful in disclosure of climate-related risks and opportunities as it 

evaluates a range of hypothetical outcomes under a given set of assumptions and constraints.1 As a 

description of possible future paths, scenarios are intended to draw attention to key factors and attributes 

that will drive impacts, altering the basis for ‘business-as-usual’ assumptions. To enable comprehensive 

scenario analysis, tools and methodologies have been developed. However, in the climate-risk assessment 

space, they remain compartmentalised into those that address transition, physical or liability risks, or broader 

environmental, social and governance (ESG) approaches. In other words, the various climate-related risks are 

assessed independently with separate methodologies and different measurement benchmarks.  

Scenario analysis and climate-related risk assessment need to evolve to a systematic approach to accurately 

reflect the systemic nature of climate-related risks to the financial sector. Particularly interaction between the 

drivers and impacts of transition and physical climate risks could lead to larger losses for individual financial 

institutions and the economy in aggregation. Firms and regulators should consider interplay of risks to develop 

a full view of climate-risk exposure and develop a comprehensive climate strategy for individual firm and 

economy-wide financial stability. Further implications of wider climate-related liability risks can then also be 

integrated. 
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As a first stage to provide financial institutions with a more accurate picture of climate-related risks, it is 

critical to provide an integrated transition and physical risk assessment, enabling them to begin to understand 

the interplay and evaluate the combined effects of different factors. Applying ClimateWise risk frameworks, in 

the report we focus on transition risk and physical risk as the focus of climate-risk assessment. Transition risks 

result from the policy, legal, technology and market changes to address mitigation and adaptation 

requirements related to climate change, while physical risk results from climate change can be event driven 

(acute) or longer-term shifts (chronic) in climate patterns.1 Integrated physical and transition risk assessment 

evaluates the interlinkage of these key factors and their combined impact on the financial system and wider 

economy. 

1.3 Research overview 

Research question 
Building on existing work in climate-risk assessment2,3 and landscape reviews,4 we unpack the components 

that could be drawn from existing scenario-based assessment methodology and tools for integrated 

assessment. Currently most climate-risk assessment tools address either the physical or transition risk, and are 

limited due to data availability, data granularity, breadth of scenarios and quantification methodology. 

Recognising these limitations, this paper asks the following research question to shape the development of 

scenario-based climate-risk assessment methodology and tools: What are the key components that climate-

risk practitioners could start to develop internally to enhance combined physical and transition climate-risk 

assessment?  

We identify the areas for converging methods and improvements for the integrated climate-risk assessment. 

Furthermore, key aspects for future research to undertake a more robust integrated risk assessment could 

then be identified.  

As highlighted by the Network for Greening the Financial System (NGFS), “as a first step, it would be useful to 

understand which risks are most pressing, to have research more concretely focused on specific short-term 

impacts for particular sectors, geographies and asset classes”.5 Thus, in the second half of the report, we 

include sectoral analysis on three specific asset classes to demonstrate the applicability and add more 

granularity to the guidance. They show how the proposed principles play out in practice. The sector analyses 

are of aviation, coal-powered plants and offshore wind turbines in the EU (listed below with links). These are 

key transport and energy sectors that will be materially impacted by the transition to a low carbon economy.  

• Sectoral Analysis 1: Aviation

• Sectoral Analysis 2: Coal-powered plants

• Sectoral Analysis 3: Offshore wind turbines in the EU

Research methodology 
The methodology for this report involved desk research, online group webinars and workshops, and individual 

interviews carried out by the University of Cambridge Institute for Sustainability Leadership (CISL) with 

participants of the UNEP FI TCFD programme. The research forms part of UNEP FI’s TCFD programme as a 

Sectoral Climate Risk module, held in 2021 (Figure 2 below). 
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Figure 2. Timeline and milestones for Sectoral Climate Risk module of UNEP FI FI’s TCFD programme 

Three online webinars and one online workshop were hosted by CISL and attended by module participants in 

the UNEP FI TCFD programme between May and July during follow-up interviews. 

Confidential interviews were conducted with six institutions from TCFD module to understand current 

practices, techniques and capacity for integrated climate-risk assessment within financial institutions. In 

addition, more detailed principles were shared in advance with interviewees to consult on the practicability 

and highlight the areas of development for the principles. Interviewees were risk specialists from financial 

institutions headquartered in four continents – Africa, North America, Asia and Europe. 

Sectoral analysis of combined physical and transition risk assessment is carried out in the aviation, coal-

powered energy and offshore wind-energy sectors. These sectoral examples demonstrate how a template 

climate-risk matrix could be used for sectoral level analysis by financial institutions. The examples can be 

found in the Appendix of this report (Sectoral Analysis 1: Aviation, Sectoral Analysis 2: Coal-powered plant and 

Sectoral Analysis 3: Offshore wind turbines in the EU). 

During the research, we noted opportunities for alignment on standardised data, disclosure and on 

consensus for scenario and transition plan validity in the face of future uncertainty in policy. The 

webinars introduced ClimateWise Transition risk framework and Physical risk framework and a landscape 

review on methodologies integrating physical and transition risks to compare the different methodologies 

and understand how ClimateWise frameworks fit into this landscape. The workshop then introduced the draft 

principles for combined assessment of physical and transition risks with an example of aviation for feedback 

technological and environmental changes. Research on these topics is ongoing at CISL and UNEP FI 

and further collaborations are welcomed to complement and accelerate enhancements on integrated 

climate-risk assessment. 
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2. Understanding integration of physical and transition risk

2.1 An area under development 

There are a wealth of research studies and reviews of the landscape on physical or transition risk assessment 

from academia and industrial platforms, highlighting the limitations of the design and wide variations in 

assessment methodologies of current tools and methodology.6 The need for assessing the combined impacts 

of physical and transition risk (‘integrated climate-risk assessment’) analysis to provide a holistic view shines 

through the reports. This is because current climate-related risk tools focus on transition risk and physical risk 

independently, with only limited confidential commercial options to evaluate their overlay and interactions.7 

As a step toward identifying the challenges in the development of integrated risk assessment, we examine the 

uncertain, complex and ongoing nature of climate-related risks. By identifying these challenges, we can seek 

to address them, thereby reducing some of the barriers to integrating risk assessment in practice.  

The uncertain nature of climate risks 
The ongoing manifestation of climate-related events and risks remain uncertain in nature. With physical risks 

categorised into acute and chronic risks, the uncertainty lies in the location, frequency and severity of these 

events. As for transition risks, the future pathway is shaped by policies, technology innovation, and consumer 

and market sentiment, which are highly dependent on jurisdictions and sector-specific variables. With these 

being unprecedented and rapidly evolving, there are significant uncertainties in the magnitude and timing of 

each category of climate-related risks. Furthermore, the non-linear nature of climate change and its effects 

could give rise to a higher level of uncertainty.8 

This uncertainty further feeds into the features of climate scenario analysis. Forward-looking scenarios set out 

just one of many plausible futures. In other words, climate scenarios are not predictions of the future nor a 

forecast; they are descriptions of how the key element of the future will unfold under certain assumptions and 

constraints. To better mitigate and manage the uncertainties around the possible outcomes and certain 

variables, a survey by NGFS indicates that more than one scenario and model must be considered.9 

Climate risks are interlinked 
The systemic nature of climate change implies many interdependences between key components and 

feedback loops, highlighting the importance to assess physical and transition risks in conjunction.10 To be more 

specific, the four interdependencies identified by the Climate Financial Risk Forum (CFRF) are the 

socioeconomic context, climate-policy landscape, technological evolution and the emissions pathways (Figure 

3 below).11 In other words, timely and smooth transition could contribute to lower physical risk exposure, 

meaning a reduction of the extent to which acute and chronic physical risks materialise. Conversely, severe 

and instant physical hazards could accelerate the transition measures from governments, consumers and 

business.  

On top of this, climate modelling from the Intergovernmental Panel on Climate Change (IPCC) already 

incorporates a future temperature rise from current carbon emission, as the carbon emissions already in the 

air today means further warming is inevitable.12 This so called ‘residual risk’ encompasses the notion that 

climate risks will remain even after adaptation and risk-reduction efforts.13  

Therefore, an aggregated view of the climate risks requires better understanding of both the physical 

implications of a good transition and the transition measures that could be prompted by physical hazards. As 
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the initial step, we need more sophisticated climate-assessment scenarios to capture the cumulative and 

offsetting effects of physical and transition risk. In the NGFS Phase Two scenario, physical-risk damages are 

included into the transition scenario through translating physical-risk impact into emission prices.14 That is, 

factoring physical-risk damages would give rise to higher emission prices on the transition pathway to net 

zero. 

Figure 3. Feedback loops and interdependencies between the components of climate scenarios from CFRF11

Climate risks span across varied timescale 
Climate change, the shift in the pattern of weather in a particular region, poses long-term risks to the 

economy. Physical hazards can have immediate impacts (acute) but can also develop over longer time 

horizons (chronic) and vary in their intensity and frequency. Transition measures are exposed to potential 

disruptions and shocks, whilst the pathway also varies depending on whether the transition occurs with clear, 

consistent signalling or disruptive fragmented steps. 

Together, transition and physical risks impact on economic factors and financial value of assets, both now and 

in the future. These climate-related risk drivers and financial transmission channels must be captured by the 

traditional risk categories employed by financial institutions and in the Basel Framework.15 Similar to 

traditional-risk drivers, evaluation of the climate-related risks depends on the asset characteristic, the firm’s 

business model and the composition of the balance sheet. To make the assessment-result decision relevant as 

well as comparable, the financial materiality analysis of combined climate risks is the next step to 

understanding the impact in both the short and long term.  
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2.2 Key considerations 

Currently neither climate science nor wider research groups provide a consistent framework for the integrated 

climate risk assessment,16 and inhibiting the climate-risk assessment with both physical and transition climate 

risks as well as their interlinkages. For example, the IPCC has three separate working groups focusing on (1) 

physical climate change; (2) climate impacts, vulnerability, and (3) adaptation responses; and emissions 

mitigation. The IPCC assessment cycle includes a Synthesis Report that will provide important data on 

transition pathways and physical-risk exposure status and trends.17 However it will not address political and 

business elements such as the respective UN Climate Change Conference processes and net zero 

commitments from business sectors. 

With climate-risk analysis being scenario-based, issues with taxonomy, frameworks and methodology(ies) for 

scenarios have been identified as critical considerations: 

• standardised taxonomy or terminology to identify and classify climate-related risks and metrics

• frameworks to capture the interplay between climate risks and their transmission channel to financial

risks

• methodology, supported by both sufficiently granular data and plausible ranges of climate scenarios,

to evaluate materiality of combined climate-related risks on financial institutions

Taxonomy to identify risk types 
To ensure consistency, comparability and credibility of the climate-related risks identified, criteria for common 

language for the business, investors and regulators is needed to navigate the transition to net-zero economy. 

Data collection would also benefit from this for helping identify the types of data needed. As defined by TCFD, 

there are two categories of climate-related risks for organisations, namely, transition risks (market and 

technology, policy and regulation) and physical risks (acute and chronic).18 

As regards the interconnection between physical and transition risks, it is vital to understand different 

categories of interlinkages. However, a standardised description of the interaction categories is yet to be 

developed. Looking beyond finance, initial attempts are made by institutions for their own analysis and 

reporting purposes. For instance, the climate-risk impact matrix set out by Novo Nordisk classifies the 

interaction into first-order and second-order physical and transition risks (see Figure 4 below).  

Figure 4. Climate risk impact matrix by Novo Nordisk from TCFD19 
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Frameworks and methods to understand and quantify the relationship between physical and 
transition risks 
The Impact Pathway approach proposed by United Nations Principles for Sustainable Insurance (UN PSI) 

provides an initial step toward an integrated approach through illustrating some interdependencies between 

risk categories for the insurance industry. Building on existing work looking into physical and transition risks 

independently, the PSI work further breaks down each risk category into key building blocks of geography, 

economic sector and line of business, with each sequence different across each risk-type analysis.20  

Figure 5 below demonstrates the development of integrated risk-analysis approaches, from individual risks 

being measured, aggregated to considering the interaction of risks and then scenario analysis encompassing 

all risks and their interconnectedness. Inversely, a scenario can be separated and defined by the interactions 

and individual risks assessed.  

Figure 5. Development of integrated risk analysis 

Examples of individual risk-analysis methods are the ClimateWise Physical and Transition risk frameworks.2,3 

The frameworks are designed to be open resource, transparent and adaptive methodology for the finance 

sector to conduct climate-risk assessment of infrastructure assets. The ClimateWise Transition Risk Framework 

provides an initial reference point for transition-risk type classification, financial driver identification and 

quantification measurements. The ClimateWise Physical Risk Framework is a practical guide making use of 

well-established insurance models, tools and metrics. Combining these two frameworks demonstrates the key 

elements of integrated transition and physical climate-risk identification, assessment and response, the details 

of which are discussed in the following section. 

Financial risk analysis Scenario analysis

Physical Transition

Risk

Risk

Risk

Scenario

Individual risk analysis
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Figure 6. Integration of ClimateWise Transition and Physical risk frameworks across risk identification, 
 assessment and response 
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3. Principles to integrate physical and transition risk assessment

Principle 1. Approach: Conduct transition and physical risk analysis simultaneously 

Climate physical and transition risks should be approached, understood and assessed together, rather than 

separately due to their interconnection. Adopting a systemic approach to the design, assessment and 

reporting of transition and physical climate risk brings together expertise and evaluation of implications for the 

business. Utilising scenarios that consider the interconnectedness of transition and physical risks, such as the 

NGFS, highlight the climate opportunities and risks faced by firms through a holistic lens. 

This advantage stems from not only the analysis on the firm itself but also considerations for exogenous 

variables, such as key counterparties or actors within the supply chain. The strategic and operational response 

of the business could then be co-ordinated, addressing physical and transition risks in a more efficient and 

effective manner.  

Principle 2. Level of analysis: Be sector-specific as well as location-specific 

Transition pathways differ significantly across sectors and jurisdictions. They are subject to climate policy and 

regulatory measures, market demand, technological readiness and carbon prices, which are all dependent on 

the local jurisdiction’s approach for each sector of the economy. On the physical hazard side, changes in the 

frequency and intensity of each peril and the mitigation and adaption measures taken are localised and 

jurisdiction-based.  

At the intersection of transition and physical risks sits the emissions reduction measures in the transition 

pathways, which determines the future level of CO2 concentrated in the atmosphere, and thus the warming 

effects of climate change and the associated physical risks. On the other hand, the impact of physical risks on 

each transition path also differs due to the characteristics of each sector. These include: 

• the natural resources the sector consumes or relies on

• the global supply chain the sector is built on

• the technology the sector uses on its transition journey

• the adaptation and mitigation measures the sectors can take.

For example, in real estate, policy measures to promote large-scale, low-carbon building materials may lead to 

lower carbon emission by the building industry, so reducing the physical risks, such as fire or flooding, faced by 

buildings in the future. The type of exposure and vulnerability of each transition path to physical hazards, and 

vice versa, is highly sector- and location-specific.  

Hence, being sector- and location-specific could make the integrated assessment of transition and physical 

risks granular enough as well as manageable. 

Principle 3. Quantification: Capture climate-risk impacts via forward-looking metrics 

Transition impacts of temperature rises should be quantified and tracked via forward-looking metrics. Impacts 

of global warming and the associated physical risks should also be measured by robust, simple and transparent 

metrics, which are consistent with climate-related targets. One example of this is CISL’s temperature score 

methodology, a simple, transparent and scientifically robust method that translates portfolio emissions into a 

metric expressed in degrees Celsius, to report portfolio alignment with the Paris ambition.21  
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Quantification highlights the usefulness of standards for taxonomy and measurement to a firm and their key 

stakeholders who will look to compare a firm’s performance over time and between firms. Further examples 

by the TCFD and respondents to the consultation on forward-looking metrics are given below:22  

• implied temperature rise or warming

potential

• unpriced carbon cost

• carbon earnings at risk

• amount of apportioned emissions

over/under a 1.5°C alignment trajectory

• future carbon emissions

• GHG emissions intensity

• weighted average carbon intensity

• water usage

• climate sensitivity

• green/brown share

• investment screening from climate-

related risk

• qualitative and quantitative evaluations

of climate value-at-risk

• percentage of companies in Science-

Based Targets initiative

• environmental impact of project finance

• physical, regulatory, transition risks

related to climate change

Developing organisational metrics such as those above and a statement of the appetite for climate risk 

enables a firm to delineate the organisation’s comfort with different physical and/or transition risks. As well as 

setting trigger points, mitigation treatments and establishing contingency plans also prepares the firm for 

materialisation of climate risks. 

Principle 4. Scenario-based analysis: Take into account feedback loops between physical and 

transition risk 

The interplay between physical and transition risk should be reflected in climate scenarios. Transition 

pathways should consider how physical climate impact could change market demand (eg heatwaves make 

certain low-emission transport alternatives such as bike-sharing less attractive), technology uptake (eg bio-

crop production constrained by water stress) and policy effectiveness (eg the reward of reforestation financed 

by carbon offsetting programmes could be compromised by wildfires). In the meantime, climate models and 

natural catastrophe models that project long-term physical risks should also explicitly state and adjust for the 

reductions in GHG emissions through various transition efforts and adjust their estimations on the possible 

warming effects. For example, a natural disaster with significant financial or personal costs likely prompts 

policy action to hasten or increase policy mechanisms to limit GHG emissions. Without a combined 

assessment on transition and physical risks, it is impossible to capture the above intersections in the existing 

climate scenarios. 

The scope of analysis must be comparable and as compatible as possible between physical and transition risks 

for effective analysis. For instance, IPCC RCP2.6 scenario of physical risks for 2C and IEA Sustainable 

Development Scenario (SDS) for 2C. The results can then be related and potentially aggregated, by a firm as 

well as policymakers and regulators when conducting climate stress tests. The analysis may also identify 

compounding drivers that may escalate or de-escalate impacts. For example, if water becomes scarcer under 

the physical-risk scenario yet the shifts in energy sources may increase the demand for water. 

Principle 5. Relevance: Align to TCFD pillars 

The integrated transition and physical-risk assessment framework should be aligned with the TCFD 

recommendations and support informed risk management within an organisation. As TCFD-aligned reporting 

becomes mandatory across the world, it will be a valuable source of information on financial drivers and 

impacts from climate-related risks for supply chains and investors, as well as insights for policymakers and 

regulators.  
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Integrated physical- and transition-risk assessment should be carried out with the four TCFD pillars in mind: 

• strategy indicates alignment with Paris Agreement

• governance information highlights accountability and responsibility for climate risk, as well as senior

executives and management’s capacity to act on climate-risk insights

• risk-management information demonstrates a firm’s ability to identify and update processes and

operations for climate risk in a timely and adequate manner

• metrics and targets are key to identifying, monitoring and evaluating progress on key financial drivers

and impacts for a firm.

Practitioner guidelines 

Below are three steps to implement the principles above into climate-risk assessment with examples for the 

CISL ClimateWise climate-risk frameworks. Principles 1 and 2 to set the focus of the assessment are covered 

within Step 1, and Principles 3, 4 and 5 on the design and approach of assessment are captured in Steps 2 and 

3 on the method of assessment. 

Step 1. Identification: Choose the scope of risks and sector to be assessed 
Principles 1 and 2 stipulate that the scope of climate-risk assessment and sector covered be set, enabling the 

approach to be integrated and enabled by the scenario, analysis and reporting conducted. Design the data 

sources, timescales and coverage of the risk assessment process to facilitate the integration of physical- and 

transition-risk analysis and reporting.  

Be specific about the sector to be assessed as regards its subsectors, supply-chain dependencies and physical 

attributes. That way, the resources needed to carry out an in-depth analysis can be better identified and 

employed. Resources include data points, the transition scenarios, the sectoral specific technology outlook 

and sectoral expertise. 

Step 2. Capture the interplay between transition and physical risks 
In practice, Principle 3: Quantification, Principle 4: Scenario-based analysis and Principle 5: Relevance are 

enacted by the method of assessment, particularly capturing the interplay between transition and physical 

climate risks in a transparent and robust way. Step 2 outlines an approach to move between the two risks for a 

more holistic picture of climate-risk exposure. Figure 7 shows all economic sectors face two types of 

challenges in combating climate change, namely mitigation and adaptation. 

Figure 7. Interaction of transition and physical risk (Developed by Dr Bojun Wang under his work in ‘Assessing Climate 
Risks in Aviation’ supported by the Prince of Wales Sustainability Fellowship at CISL) 
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Step 2-1 Understand how transition risks impact physical risks (blue part) 

Mitigation is achieved through implementing different transition pathways, which results in emissions 
reduction and thus slows down the global warming effects, but may also bring various transition risks to the 
sector. Consequently, impacts of physical risks caused by climate change decrease as a result of the net-zero 
transition, which in turn reduces the burden on economic sectors to take adaptation measures. Refer to the 
sequence of blue boxes and the linkages outlined above.

With market shifts, advanced decarbonisation technology and more stringent policy and regulatory 

measures, the transition risks for a specific subsector on the transition pathway may be high. Physical risks, on 

the contrary, decrease due to the resulting emission reduction and consequent slower temperature rise. Thus, 

it is critical to understand the amount of transition-induced emission reduction and its implication for global 

temperature rise. 

To illustrate, this has the following implications for use of CISL climate-risk assessment frameworks: 

• Emission reduction - Sources of transition risk identified at subsector level in the ClimateWise

Transition risk framework provide an initial view of key factors for reducing emissions. To draw an

aggregated view on the emissions reduction for a specific asset type across timeline and geography, it

is necessary to include credible emission data to the transition-risk matrix. (Figure 8)

• Temperature rise - The temperature score methodology developed by CISL’s Investment Leaders

Group provides a simple, transparent and robust methodology for users to translate cumulative

emission to temperature score. This will enable users to understand the level of temperature rise or

decrease due to change in carbon accumulated.

Figure 8. Examples of transition risk and financial drivers in ClimateWise transition risk framework 

Step 2-2 Understand how physical risks impact transition risks (orange part) 

Global warming intensifies climate-related hazards, represented by both acute and chronic physical risks. 
Figure 7 above shows that physical risks not only affect the economic sector itself, but also the transition 
pathways the sector could take to reach net zero. Specifically, the impact of physical risks on a sector’s 
transition could be categorised as ‘direct’ and ‘indirect’. 

The direct impact of physical risks to a sector’s transition refers to the physical damages of climate events (ie 
acute and chronic) to the infrastructure and operations associated with that sector’s low carbon transition. On 
the other hand, indirect impact refers to the physical impacts of climate change on the natural or social 
elements supporting net-zero transition, such as the natural resources and land use in the supply chain that 
the transition relies upon or the market demand of a particular sector. This is demonstrated by the orange 
boxes and the linkages outlined above in Figure 7. 

As an example sector, offshore wind-power generation is a key transition alternative to fossil fuel-based power 
generation. However, the effectiveness of this transition option could be significantly affected by physical 
risks. The direct impact could be a winter storm damaging a wind turbine. The indirect impact could be 
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changes in wind direction and strength due to climate change-induced meteorological shifts, affecting the 
amount of electricity generated from the wind turbine. Refer to: 

• Sectoral Analysis 1: Aviation

• Sectoral Analysis 2: Coal-powered plants

• Sectoral Analysis 3: Offshore wind turbines in the EU).

To illustrate, this has the following implications for the use of CISL ClimateWise climate-risk assessment 

frameworks: 

• Direct physical impact to transition - It is critical to understand how climate perils affect the

functionality of infrastructure and operations associated with a given economic sector’s transition

and how vulnerable the sector’s transition pathways are to climate hazards. This will require sector-

specific expertise on understanding sectoral characteristics, key technology development and

locational information to be included in the exposure and vulnerability elements of natural

catastrophe modelling in the physical risk framework.

• Indirect physical impact to transition - The focus for this category is on the availability and quality

of natural resources that the transition pathway relies on, which are subject to

climate change. Natural resources include, but are not limited to, water resources for hydro

power, crops to generate biofuels and sunlight for solar PVs. The ClimateWise transition risk

framework details the connotation of each transition-risk source in the methodology column, which

serve as a foundation to spot relevant natural resources and to build the linkage with physical risk.

Step 2-3 Map out the interaction with a risk matrix template 

The following table serves as a template for financial institutions to start illustrating how physical risks impact 
transition risk drivers using available data. Box A of  
Figure 9 below can be populated with transition risk drivers that are impacted by physical hazards with 
reference to the ClimateWise transition risk exposure matrix. The sectoral analysis in Part 2 of the report 
demonstrate how this template could be used with sectoral level examples.  

CHRONIC PHYSICAL RISKS ACUTE PHYSICAL RISKS 

Transition 
indicators 

 Impact 
Temperature 

change 

Changes in 
precipitation / 

water availability 
Wind Sea level rise 

Changes in intensity, 
frequency, and location of 
extreme weather events 

[A. Transition 
drivers that are 
prompted or 
influenced by 
physical 
hazards] 

Direct [B. Impact on the operation side.] 

Indirect 
 [C. Impact on the wider contextual factors, including the natural resource availability along the supply 
chain and market demand.] 

Figure 9. Climate risk matrix template: physical risks impact on transition risk drivers 

Step 3. Materiality: Quantify the risk transmission channel 
Step 3 outlines specifically how Principle 3: Quantification, Principle 4: Scenario-based analysis and Principle 5: 

Relevance are enacted by the method of assessment, particularly quantification within scenarios to enable 

relevant analysis and reporting of transmission channels. 
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Step 3-1 Apply climate scenarios suitable for integrated climate risk assessment 

There are many determinants when it comes to which climate scenarios to use.23 The baseline is that firms 
should use climate scenarios that are science-based and applicable for their analysis, aligning the institution’s 
world view and climate ambitions.24 

In addition, the benefits and downsides of using a single climate scenario or adapting multiple scenarios 
should be recognised. Using a single climate scenario is easier to implement and to interpret and can provide a 
common starting point across institutions. However, a combination of scenarios could provide a more robust 
and stable benchmark, as the sensitivity to any given assumption is lower than in an individual scenario.25  

To illustrate, this has the following implications for use of CISL climate-risk assessment frameworks: 

• The Transition Risk Matrix underlying the ClimateWise transition risk framework relies on the climate

scenarios produced by the International Energy Agency, but it is designed to be flexible for the users

to incorporate other climate scenarios based on their need or available scenarios in the market.

• As for the ClimateWise physical risk framework, it draws upon CLIMADA and Future Flood Explorer,

with these models drawing on select climate scenarios (e.g. IPCC RCPs) at distinct time horizons (e.g.

2040).2627

Step 3-2 Interpolate the climate-related risks to financial factors through transmission channel 

To understand how climate risks feed into economics and then to financial-risk analysis, the mapping from 

NGFS is a useful start (Figure 10). Based on the results derived from the scenario-based analysis, the potential 

risk impact on each financial driver can be estimated.  

Figure 10. Transmission channels – Climate risks to financial risks19 
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The third step highlights the importance of climate-risk assessment being used for operational and strategic 

business decision making by identifying the magnitude and direction of impacts from climate change.  

Altogether, the three steps (Identification, Interplay and Materiality) enable institutions to implement the five 

principles for combined physical and transition climate-risk assessment, which is illustrated with the 

integration of the ClimateWise climate-risk frameworks. Step 1 Identification sets the focus of the assessment 

as per Principles 1 (Approach) and 2 (Level of analysis). Step 2 Interplay and Step 3 Materiality set the method 

of assessment, addressing Principles 3 (Quantification), 4 (Scenario-based analysis) and 5 (Relevance) on the 

design and approach of assessment.   
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4. Conclusion

Climate-related risks are characterised by their uncertainty, interconnection and ongoing nature. The nature 

of climate-related risks proves a challenge to assess the combined effect of physical and transition risks both 

theoretically and in practice. To address this challenge, we explored the research question: What are the key 

components that climate-risk practitioners could start to develop internally to enhance combined physical and 

transition climate-risk assessment? 

We took a collaborative approach to explore the barriers and opportunities for finance practitioners to 

evaluate the impact of combined transition and physical climate risk, whilst highlighting the need for a 

systemic approach to understand the dependencies between physical and transition risks. Despite the need 

for an integrated climate-risk assessment for a holistic view, current climate-related risk tools focus on 

transition risk and physical risk independently. 

We set out principles and steps to enable practitioners to start to use a holistic approach, as well as improve 

data and scenario development by the market for use by practitioners. The five principles for integrating 

physical and transition climate-related risks are a framework for finance practitioners to work with and 

overcome the limitations of existing climate-risk assessment tools and siloed approach to climate-risk 

assessment as data and methodology develops further. 

The steps to using those principles are explained and illustrated using the CISL risk frameworks and 

highlighting areas for future development. Whilst this shows how to integrate physical and transition risks 

using our existing work, we note that the principles and steps are adjustable and flexible based on the users’ 

capability, capacity and available tools.  

The sector analysis further demonstrates the insights into how physical risks from climate change can affect 

both an economic sector itself and the potential transition options available to the sector. To better link 

transition pathways with physical risks, data documenting the emission reduction of each transition driver 

across timeline and geography as well as the methodology to translate emissions to temperature rise is a 

crucial step forward.21 The risk matrix template proposed by this report is an initial approach and can be 

refined with further development of climate scenarios, sourcing location- and sector-specific expertise to 

translate the interplay of physical and transition risks, evaluating the combined financial materiality and 

disclosing the evaluation under TCFD. 

To advance integrated climate risk assessment further, work is needed on identification and collation of data 

that sit at the intersection of physical and transition risks. For example, in the energy space, Weather for 

Energy Tracker developed by the International Energy Agency (IEA) provides global weather-related variables 

useful to understand, analyse and model the energy sector, from generation to consumption across sectors.28 

With a scenario-based approach underpinning risk assessment tools and methods to date, the next iteration of 

key scenarios used by institutions and regulators for decision making, should explicitly include a consistent set 

of physical and transition risk parameters that enable integration. For potential alignment compare NGFS 

world scenarios ‘orderly’, ‘disorderly’ or ‘hot house’29, with the Bank of England of ‘early’, ‘late’ and ‘no 

additional action’.30 While IEA Scenarios examine future energy trends with Net Zero Roadmap by 2050, 

highlighting changes in specific sectors.31 Scenarios can also look to integrate climate-related liability risks with 

transition and physical risks, as well as broaden from climate-related to nature-related risks.20, 32 

Despite the further developments needed in the field, this report has set out a clear direction for the 

advancement of climate-risk analysis, showing how financial practitioners can use the five principles and three 

steps to begin integrating the assessment of physical and transition risks. We look forward to adoption of the 

principles and steps by institutions and regulators, to enable their further refinement and to provide guidance 

on the data, scope and methodologies required for accurate and decision useful scenarios.  
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Sectoral Analysis 1: Aviation 

Sector: Aviation Sector  Share of Global Energy-Related Direct CO2 Emissions: 2.7% (in 2019) 

Main Transition Pathways: Carbon Offsetting, Demand Management, Improvements in Aircraft Technologies and Operational Efficiency, 

Sustainable Aviation Fuels (SAFs),  Carbon Removal 

Physical risks 

Transition 
pathway 

CHRONIC PHYSICAL RISKS ACUTE PHYSICAL RISKS 

Temperature rise 
Changes in 

precipitation / 
water availability 

Wind 
Sea level 

rise 

Changes in intensity, 
frequency, and location of 
extreme weather events 

Carbon 
pricing  

Direct Physical damages caused by climate change (e.g. wildfires, drought) make the land-based carbon offsetting 
projects increasingly vulnerable and difficult to measure and verify 

Indirect 
Confidence of airlines and airports to purchase carbon credits from the land-based offsetting projects could be 
negatively affected, leading to lower demand in carbon markets and therefore low-level carbon price 

Operational 
efficiency 

Direct 
Reduced aircraft 
engine thermal 
efficiency 

Heavy precipitation 
causes aerodynamic 
penalties 

Increased 
turbulence, 
longer flight 
time 

Reduced 
airport 
capacity, 
increased 
network 
disruptions 

Extreme weathers reduce 
operational efficiencies at 
both airspace and airports 

Indirect 
Reduced air travel 
demand during hot 
spells 

Airport 
closures 
that affect 
market 
demand 

Sustainable 
aviation 
fuels (SAFs)  

Direct  

Climate change (both chronic and acute) may reduce the efficiency of renewable power generation and put 
risks to critical infrastructures (e.g. wind turbines, solar panels, hydro dams, and power grid). These impacts on 
renewable electricity – a key feedstock for synthetic jet fuel (Power-to-Liquid) – could negatively affect SAF 
production.  

Indirect 

Extreme 
temperature 
negatively affects 
feedstocks’ 
availability 

Decreased crops 
yields during 
drought, risking 
biomass supply 

Flood risk 
of growing 
energy 
crops in 
floodplain 
or coastal 
areas 

Extreme weathers reduce 
productivity of biomass and 
energy crops  

Electric 
aircraft 

Direct  

Indirect Battery electric aircraft requires substantial electricity supplied by renewable sources, where grid electricity is 
increasingly exposed to heatwaves and extreme weathers 

Carbon 
removal  

Direct  Climate change (both acute and chronic) affects agricultural land use, productivity, and capacity of forest 
system storing carbon 

Indirect 
Direct Air Capture (DAC) requires substantial power supplied by renewable sources, where grid electricity is 
increasingly exposed to heatwaves and extreme weathers  

Figure 11. Physical risks impact on transition risk drivers: aviation 

Aviation as one of the hard-to-abate sectors has a limited number of options for decarbonisation. As disruptive 

technologies with the potential to make aircraft carbon neutral are still in early stages, the market-based 

measures will play an important role in the short and intermediate term.33 The global Carbon Offsetting and 

Reduction Scheme for International Aviation – CORSIA – requires airlines to purchase carbon credits from 

eligible carbon-offsetting programmes to compensate for their emissions.34 Currently, land-based offsets such 

as reforestation play a big part in the existing offsetting programmes. However, their effectiveness could be 
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reduced by physical damage from climate change (eg wildfires, droughts). Therefore, the direct impact of 

physical risks to carbon pricing as a key transition lever for aviation is that climate change could make it very 

difficult to measure, verify or guarantee carbon sink from those offsetting projects.35  

Sustainable aviation fuels (SAFs) are a critical transition option for aviation as they can give up to 70% lifecycle 

carbon savings compared to conventional aircraft fuel (jet-A1 fuel).36 Biofuels vary depending on the inputs 

and processes used to produce them. For example, a major production path of biofuels is from crops,37 while 

the growth of crops could be affected by various physical risks of climate change (ie indirect physical impacts): 

water stress caused by heatwaves and droughts could negatively affect crop growth, and crops in a floodplain 

or coastal areas may also face risks from flooding. Additionally, electricity produced from renewable sources is 

a key feedstock. 

Aircraft emissions could also be saved by improving aircraft operational efficiency and air-traffic management 

by airlines and airports, such as: 

• increasing passenger load factor 

• improving surface congestion management 

• optimising departures procedures.38 

However, efforts in improving operational efficiency and air-traffic management could be cancelled out by 

physical impacts of climate change. For example, extreme weather and hot spells would make some 

destinations unattractive to travellers, thus flights at local airports may have to fly with lower load factors. 

Inundations caused by floods and rising sea levels would reduce airport capacity and therefore make surface 

operations more congested. Rising temperatures could reduce aircraft engine thermal efficiency for taking off 

and climbing, thus a longer distance is required for taking off which generates more emissions.39  

Finally, battery-electric aircraft and carbon-removal technologies have the potential to make aviation net zero. 

Although these technologies will not be available by 2050, their effectiveness would also be affected by the 

physical risks of climate change. For example, one approach to carbon removal is to enhance natural land sinks 

by increasing tree cover and forest management. However, like forest offsetting projects discussed earlier, 

these land-based natural sinks could be vulnerable to wildfires. On the other hand, both direct air capture 

(DAC, the other technological approach to carbon removal) and battery-electric aircraft would require 

substantial electricity supplied by renewable energy sources.38, 40 This means that the existing grid capacity 

needs to be increased significantly. However, there are an increasing number of cases where heatwaves and 

extreme weather have caused physical damage to the grid, leading to network disruptions and even blackouts 

that could put electricity supply to these technologies at risk. 
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Sectoral Analysis 2: Coal-powered plant  

Transition risks faced by coal-fired power plants are mounting in the era of net-zero commitment across the 

globe. For China, which is the largest coal producer and has announced its net-zero target by 2060, the study 

on the intersection of physical and transition risk could be an interesting example. The geography disparity 

within the jurisdiction requires more layers to the analysis. Different parts of China are vulnerable to various 

types of natural hazards. Extreme temperatures are set to reduce efficiency of coal plants41 and water scarcity 

will affect operations;42 this is particularly the case for northern China. In the south and east of China, plants 

are particularly susceptible to flooding, and there is the risk of typhoons damaging plants and disrupting coal 

supply. 

 CHRONIC PHYSICAL RISKS ACUTE PHYSICAL RISKS 

Transition 
Indicator 

 Impact 
Temperature  

change 

Changes in 
precipitation / water 

availability 
Wind Sea Level rise 

Changes in intensity, 
frequency, and location of 
extreme weather events 

Plant 
utilisation  

Direct  

Cooling efficiency is 
affected by the 
temperature of the 
water bodies. With 
warmer bodies, the 
efficiency 
decreased.43 

Efficiency of cooling is 
impacted by water 
availability and the level 
of water sediment load, 
which is correlated with 
the mean of 
precipitation.20   

   

Threat of tidal 
flooding as many 
located Low 
Elevation Coastal 
Zones (LECZ) for 
access to cooling 
water 21   

Physical damages lead to 
malfunction of the plants, 
including flooding and storm 22  
  
Extreme temperatures can 
lead to plants going offline23  

Indirect               

CCUS 

Direct     

Efficiency and cost of 
CCS is reduced due to 
lower water 
availability 24  

         

Indirect                 

Coal price  

Direct  

Rising surface 
temperatures 
increase mine 
temperatures 
increasing hazard 
risk and reducing 
productivity risk of 
increased coal price 
during summer  25   

        
Flooding in coal mines  
reduce coal supply  26  

Indirect    

Increased costs of 
transportation if 
flooding affects existing 
transport links 
(Barges/Trains)27  

         

Cost of 
capital  

Direct     

Increased cost for 
adaptation, including 
water security 
infrastructure and 
adapting to a more 
resilient closed 
loop water, or 
air cooling systems28  

      

Increased insurance premiums 
due to increased risk of 
extreme weather (hurricanes/ 
storm surges/ drought etc) 29  

 Indirect     
Increased cost for 
costal defence 
infrastructure 30 

 

 
Figure 12. Physical risks impact on transition risk drivers: coal-powered plant 
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Sectoral Analysis 3: Offshore wind turbines in the EU  

European countries boast favourable energy policies, supportive financial mechanisms and strong technological 
innovation. The EU ‘net zero by 2050’ target, along with the Green Deal, provide further support and incentives to 
wind-power development and implementation, with 105GW of new wind energy estimated to be installed over the 
next five years. 

The UK government drives private investment incentive through contracts for differences (CFDs) and power 
purchase agreements (PPAs), which are contractual agreements to purchase an amount of energy at an agreed 
price, for a certain time, in advance of producing the energy to help smooth energy pricing, particularly for 
renewables. 

Europe are also leaders in green offshore wind-to-hydrogen conversion. Commissioned projects in Netherlands, 
Germany, Denmark and Norway are some of the most ambitious on the global scale, with smaller scale 10MW 
pilots launching as soon as 2023 and multiple projects with capacities greater than 10GW by 2030. 

The physical conditions for Europe’s wind future are also optimistic. Offshore, the North Sea already provides 
relatively shallow waters, favourable wind patterns and good access to ports and energy markets. With abundant 
wind resource, however, wind assets in Europe are not free from physical hazards. To illustrate the point further, 
the table below summarises how each peril directly and indirectly impacts the utilisation of wind power. It is to note 
that the transition indicator listed is not exhaustive, but only serves as an example. 

Specifically, wind speeds and variability, as the natural source the assets rely on, should be considered in risks 
assessment. Northern Europe, where larger turbines are built, are more susceptible to other chronic and acute 
physical risks with the increased wind speed in the Northern Hemisphere, increasing the cost of maintenance and 
capital investment costs. On the contrary, in the Southern Hemisphere and the Mediterranean, decreased wind 
speeds make the utilisation of the turbines less effective and could lead to wind-energy generation becoming 
unviable.44,45 More detailed wind-speed data would enhance the granularity of the analysis.  
 

 WIND POWER - CHRONIC PHYSICAL RISKS 
ACUTE PHYSICAL 

RISKS 

Transition 
Indicator 

 Impact 
Temperature  

change 

Changes in 
precipitation / 

water 
availability 

Wind Sea Level rise 

Changes in 
intensity, 

frequency, and 
location of extreme 

weather events 

Plant 
utilisation  

Direct  

Drifting sea ice due to ice melt 
can damage wind turbine 
foundations.  

Increased 
precipitation 
leads to higher 
lead edge 
erosion, 
especially in 
coastal areas, 
and thus results 
in turbine 
lifespan 
decreases  

   Changes in wave 
formation may 
damage offshore 
turbine 
foundations  
 
Flooding and 
tidal surges may 
damage low lying 
onshore coastal 
locations 

Hurricanes and 

large storm surges 

reduce the lifespan 

of wind turbines 

  

Larger wind 
turbines are more 
vulnerable 
to extreme 
weathers 

Indirect  

Very high temperatures can 
affect efficiency due to decline in 
air density.  
 
Very Cold temperatures can 
affect output due to blade icing. 
  
Change in permafrost conditions 
could affect road construction. 

  Wind speeds 
and directions 
may become 
more variable 
and 
unpredictable 
making 
it harder to 
predict output 

      

 
Figure 13. Physical risks impact on transition risk drivers: offshore wind turbines 
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