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Abstract  

To mitigate climate change, the transition to a low-carbon economy is imperative. Even though this transition 

poses unprecedented economic and social risks, academic research regarding the impacts of such risks on the 

financial sector is limited. This thesis develops an integrated analytical framework to quantify the transition risks 

of equity portfolios. The aim is to improve the scientific understanding of transition risk modelling and to enable 

a forward-looking risk analysis in investment management.  

Transition risks are analyzed with a scenario-based approach. Three transition scenarios that stretch until 2025 and 

2030 are constructed. For each scenario, three risk variables are designed: a global carbon tax, a change in the 

share of renewables in electricity generation, and a change in fossil fuel production. A transition-adjusted dis-

counted cash flow (TA-DCF) model is developed to estimate the financial impacts of those risks. Furthermore, a 

method to model company-specific transition capacity is applied. 

The findings of the study suggest limited total transition impacts on the portfolio level until 2030. The analysis of 

a diversified global equity index discovers losses of -2.95% of the total market value in the most ambitious transi-

tion scenario. Transition risks become more apparent on the sector and individual company level. The thesis finds 

that three sectors, Energy, Utilities and Materials, are highly exposed to transition risks. In addition, the TA-DCF 

model enables the identification of companies that are expected to lose of most of their value due to transition risks 

as well as companies that leverage the emerging opportunities. 

The developed framework can be applied in portfolio management and portfolio construction to incorporate tran-

sition risks into decision-making processes in financial risk management. Several use cases, i.e. the development 

of a low transition risk benchmark, are discussed.  
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Summary 

Climate change poses two distinct types of risks to financial investors. First, extreme weather events, such as 

floods or hurricanes, and longer-term climatic changes destroy asset value. Those physical risks are expected to 

increase immensely over the coming decades, depending on the speed of global warming. Second, the transition 

to a low-carbon economy – to mitigate climate change – might shift capital flows and disrupt sectors. This thesis 

focusses on transition risks in the form of future policy action, changes in market preferences, and new and dis-

ruptive technologies. In order to prevent significant economic losses in the future, investors should manage the 

transition risks of their portfolios properly. However, robust forward-looking methods to measure transition risks 

are missing.  

This thesis develops a scenario-based framework to analyze transition risk effects on equity portfolios in a quan-

titative way. For this purpose, three transition scenarios are constructed. They span until 2025 and 2030. A regu-

latory change in the form of a global carbon tax is introduced. Furthermore, a change in the share of renewables 

in the electricity market and a change in fossil fuel production are modelled. A discounted cash flow model trans-

lates the scenarios into financial effects on companies and aggregates the expected transition risks on the portfolio 

level.  

The findings of the thesis suggest that a market portfolio will lose around -2.95% of the total portfolio value until 

2030 in a fast and ambitious transition. The economic impacts are more apparent on the sector level, where the 

Energy, Utilities and Materials sectors are highly exposed to transition risks. On average, companies in those 

sectors lose between -42% and -56% of their market value. The developed model enables the identification of 

possible “winners” and “losers” of the transition, companies that either leverage the emerging opportunities or are 

exposed to extremely high risks.  

The developed Transition-Adjusted Discounted Cash Flow model (TA-DCF) can be used in investment decision-

making. Asset owners and asset managers can apply the framework in the management of current portfolios and 

the construction of new, low-risk portfolios. Transition risk models are needed as a source of information for 

financial actors to gain a better understanding of future risks. They can enable better financial decision-making to 

mitigate climate change.  
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“With better information as a foundation, we can build a virtuous 

circle of better understanding of tomorrow’s risks, better pricing 

for investors, better decisions by policymakers, and a smoother 

transition to a lower-carbon economy.”  

(Carney, 2015, p. 12)
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1. Introduction 
 

The 2020s might become the decade where climate change ultimately makes its way to the forefront of 

the political agenda and becomes a priority for societies. Climate action has gained momentum in recent 

years, not least through societal movements such as Fridays for Future (Fridays For Future, 2020). 

Global warming has already reached more than 1°C relative to the pre-industrial period (WMO, 2020). 

If the planet’s temperature rises by another degree, extreme negative economic and social consequences 

are expected (IPCC, 2018b). Being confronted with the more imminent threats of climate change, regu-

lators and societies are slowly starting to act. 

Climate change is in many ways a unique challenge for economic decision-making. Its large scale and 

long-term nature make it highly unpredictable (TCFD, 2017b). Because of these characteristics and the 

consequential uncertainty, climate-related risks have long been ignored by the financial sector. In the 

last years, financial regulators have started to increase the pressure to incorporate climate risks into 

financial decision-making. Measures backing a greener financial system have more than doubled since 

2015 (UNEP, 2019b). Slowly, the climate has become an area of focus for investors. The Global Risks 

Report 2020 of the World Economic Forum illustrates that new-found focus unequivocally: Investors 

voted extreme weather events and the failure of climate action as the largest and most likely long-term 

economic risks (WEF, 2020).  

Climate change can affect investment portfolios in two ways. On the one hand, weather-related physical 

risks such as hurricanes and floods destroy property and resources. This decreases the value of invest-

ments (Fang, et al., 2019). On the other hand, the more noticeable climate change becomes, the more it 

will trigger stricter regulations and behavioral changes to mitigate global warming. In December 2015, 

nearly 200 countries signed the Paris Agreement and pledged to take the action needed to keep global 

warming well below 2°C (UNFCCC, 2015). Reaching the target of limiting global warming to well 

below 2°C requires a rapid and far-reaching transition of the global economic system towards global 

net-zero human-caused emissions (Bachner, et al., 2019; IPCC, 2018b; TCFD, 2017b). This transition 

will have extensive economic and societal impacts.  

The IPCC estimates that annual investments of, on average, USD 2.4 trillion are needed until 2035 in 

order to stay below 1.5°C of global warming compared to the pre-industrial era (IPCC, 2018b). Only 

with those investments, the transition to low-carbon economies can be achieved. Necessary shifts in 

capital flows – from high-carbon to low-carbon activities – as well as disruptive changes across eco-

nomic sectors constitute high risks for companies and, subsequently, for investors. Those transition risks 

should be managed properly by financial actors to prevent high economic losses in the future. However, 

what cannot be measured cannot be managed.   

Measuring transition risks has so far not been a priority, neither in academia nor for financial actors. In 

general, the impact of climate change on the financial sector has been researched sparsely (Dietz, et al., 

2016). There exists very little academic literature that focusses on the quantification of the impacts of a 

low-carbon transition. According to Campiglio et al. (2018), the establishment of comprehensive risk 

frameworks that assess and quantify those impacts requires further research. 

1.1. Research Aim and Research Questions 

Because of the distinct gap in existing research, this Master thesis aims to model transition risk effects 

on equity portfolios quantitatively to 

(a) improve scientific understanding and develop a science-based methodology to gain empirical 

insights.  

(b) enable forward-looking risk analysis in the financial market.  

To achieve this aim, the thesis intends to build different transition scenarios and to explore ways of how 

to model the financial impacts on equity. The quantitative assessment of transition risks should be 



2 

 

compliant with the current recommendations of the Task Force on Climate-related Disclosures (TCFD). 

The following research questions are addressed in order to fulfill the research aim:  

1) How can the transition to a low-carbon economy be modelled? 

2) How can transition scenarios be translated into financial impacts?  

3) What are the economic effects of the transition to a low-carbon economy on a market portfolio? 

Concerning the third research question, a research hypothesis is formulated as follows: A fast transition 

will have large economic effects on the entire market. Investors cannot manage those systemic risks 

through portfolio diversification. The scientific contribution of this thesis will be the development of an 

integrated analytical framework to quantify transition risks in financial portfolios. By putting an actual 

number on transition risks, the framework enables financial market participants to understand the posi-

tive and negative impacts of the transition on their portfolio. Thereby, the author hopes to contribute to 

the integration of climate risks into investment management and the development of a more sustainable 

financial sector. The thesis is written in collaboration with the Swedish bank Skandinaviska Enskilda 

Banken (SEB), which provides the data for this research.  

1.2. Thesis Outline 

The thesis starts with exploring the different types of climate risks in the background chapter. The ex-

posure of the financial sector to transition risks is addressed to demonstrate the need to model those 

risks. This is followed by a literature review of different approaches concerning transition risk modelling.  

Thereafter, the transition risk framework is developed in the methodology chapter. Three transition risk 

scenarios are constructed. They describe transition pathways for two time periods, until 2025 and 2030. 

The chapter then details the development of a transition-adjusted discounted cash flow model (TA-DCF) 

to analyze the financial impacts of the transition scenarios. An important part is the development of a 

transition capacity model to depict the companies’ ability to change their behavior over time and manage 

their transition risks.  

The results chapter illustrates the successful development of a transition risk model. Transition risks are 

quantified for a diversified global equity index. In the fastest and most ambitious transition scenario, the 

global market portfolio is expected to lose profits that equal 2.95% of its total market value until 2030.  

The discussion section provides the conclusion that the total portfolio impact is limited across all tran-

sition scenarios. The findings suggest that transition risks are highly dependent on both sector and com-

pany characteristics. The developed framework makes it possible to identify “winners” and “losers” of 

the transition to a low-carbon economy. Applications of the framework in the management of existing 

equity portfolios and the construction of new portfolios are discussed with a special focus on institutional 

investors, e.g. pension funds. The discussion section ends with a comment on the scientific contribution 

of the thesis. The conclusion provides the key findings of the analysis as well as an outlook on future 

developments. 
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2. Background 

2.1. Climate Risks and Opportunities  

2.1.1. Definition  

The fact that global warming over 2°C, relative to the pre-industrial period, will most likely lead to 

extreme negative economic and social consequences is widely recognized today, due to the persistent 

work of the Intergovernmental Panel on Climate Change (IPCC, 2014b). Climate change is the defining 

challenge of the 21st century (UNEP FI, 2019).1 The disruptive effects of climate change expose inves-

tors to unprecedented risks. 

As of today, there is no unified academic definition of such risks. Sometimes they are called climate 

risks, sometimes carbon risks or carbon asset risks (Knight, et al., 2017; Massari, et al., 2016). For the 

purpose of this thesis, climate risks and opportunities are broadly defined as the potential negative or 

positive impacts of climate change on financial assets. The exact timing and magnitude of those impacts 

are difficult to estimate.  

The Task Force on Climate-related Financial Disclosure (TCFD) has laid out a consistent taxonomy of 

climate-related risks and opportunities in their 2017 recommendations. Their taxonomy will be used in 

the remainder of this thesis because it is one of the most recent definitions and widely accepted by 

practitioners and academia alike.2 The TCFD differentiates between two major categories of climate 

risks, namely transition risks and physical risks (2017b). Transition risks are defined as financial risks 

related to the transition to lower-carbon economies. These risks caused by the adjustment process to 

mitigate climate change. Physical risks are associated with the physical impacts of climate change. 

Those impacts can derive from extreme weather events such as cyclones, hurricanes and floods, so called 

acute or event-driven physical risks. They can also be the result of longer-term climate shifts, for exam-

ple sea-level rise and chronic heat waves, called chronic risks. Both can have direct financial impacts 

through direct damage to assets and indirect impacts through supply chain disruption (TCFD, 2017b).  

Taken as a whole, climate risk is a non-diversifiable risk that affects nearly all industries and economic 

sectors even though the level of exposure and the impact of said risks differ by sector, industry, geogra-

phy, and organization (TCFD, 2017a). It is also important to note the interdependency between physical 

and transition risks. This interdependency refers to how the likelihood of different risks changes in re-

lation to each other (Knight, et al., 2017). Essentially, the speed of climate change mitigation today has 

an impact on the likelihood and magnitude of physical risks in the future.  

Because of the increasing mitigation and adaptation efforts, climate change can produce a number of 

opportunities for companies. Climate-related opportunities will vary depending on region, market, and 

sector (TCFD, 2017b). The development of low emission alternatives to existing products or the change 

to a more resource-efficient production compared to competitors can be such opportunities.  

2.1.2. Transition Risks 

This study will focus on transition risks, meaning risks related to the mitigation of, and adaptation to, 

climate change. To keep global warming well below 2oC as pledged in the Paris Agreement, greenhouse 

gas emissions need to be reduced substantially by transitioning to lower carbon economies (IPCC, 2014b; 

UNFCCC, 2015). This transition may entail policy, legal, technology and market changes that pose 

financial and reputational risks to organizations (TCFD, 2017b). The five risk categories defined by the 

TCFD are explained in more detail in the following paragraphs. 

 

                                                      
1 Climate change has been described as a “wicked problem” due to its high risks for human welfare and ecosystems, 

its scope and complex relationships, and the fragmentation of social responses (Sun & Yang, 2016).  
2 The PRI initiative and UNEP FI both incorporated the TCFD definition of climate-related risks into their initia-

tives and case studies (PRI, 2020b; UNEP FI, 2019). 
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Policy and Legal Risk 

Policy action can attempt to constrain GHG emissions (mitigation), for example through carbon pricing 

mechanisms or enhanced emissions-reporting obligations. Policy action can also promote adaptation to 

the changing climate. Both kinds of actions may have negative financial impacts on organizations, such 

as increased operating costs. Furthermore, companies are also exposed to legal risk, the risk of a com-

pany to be brought to court on the ground of climate-related litigation claims which might result in fines. 

Legal risk, also called liability risk, is expected to increase if the general climate policy framework is 

not strong and more severe physical impacts occur in the future (Clapp, et al., 2017). 

Technology Risk 

Innovative technologies that support the transition to a lower-carbon and energy-efficient economy can 

affect the competitiveness and costs of organizations because they might substitute existing products. 

Technological changes will also influence the demand from end-users (TCFD, 2017b). Potential finan-

cial impacts in the form of reduced demand, R&D expenditures in new technologies, or increased costs 

to deploy new practices and processes are possible. Ultimately, innovations can lead to disruption of 

sectors and the total elimination of old technologies.  

Market Risk 

As customers become more and more aware of climate change, they might change their behavior which 

leads to shifts in supply and demand for certain commodities, products and services (TCFD, 2017b). 

Furthermore, the cost of raw materials or energy might increase due to climate change or policy action, 

leading to increased production costs and the re-pricing of assets.  

Reputation Risk 

Due to possible refusal to transition to a lower-carbon economy, customer or community perception of 

a company might change. One possibility is the stigmatization of a whole sector. Bad reputation might 

lead to decreased demand resulting in reduced revenues and the reduction of capital availability.  

Transition risks are not future risks that might emerge on the horizon. Policy actions, emerging low 

carbon technologies and shifting market preferences have already begun to affect companies’ financial 

performance significantly. With the shift away from nuclear and coal in Germany, the value of German 

Utilities companies has decreased significantly over the last decade (UNEP FI, 2019).3 Five big Euro-

pean Utilities companies, RWE, E.ON, Enel, Engie (GDF Suez), and EDF, have lost a combined EUR 

100 billion between 2009 and 2016, showing that the whole European Utilities sector is impacted 

(Röttmer, et al., 2018). The same phenomenon was observed in the US with a massive decline of the 

coal sector in 2016 because of the growth of renewable energy, the emergence of a cheap alternative 

(shales gas) and stricter environmental regulations (ibid). 

2.1.3. Transition Opportunities  

The transition to low carbon economies does not only have negative impacts. With the efforts to mitigate 

and adapt to climate change, opportunities emerge for certain companies. The TCFD identified five 

different areas of climate-related opportunities for organizations that are described in the paragraphs 

below (TCFD, 2017b). 

Resource Efficiency  

Organizations can reduce their operating costs by improving the use of energy, materials, water, and 

waste management. Improving their resource efficiency will give them a competitive advantage com-

pared to their peers. Often, innovation and investments in new technology are needed to achieve higher 

efficiency (TCFD, 2017b). 

                                                      
3 The market capitalization of RWE and E.ON decreased with 59% and 65% respectively between 2000 and 2015 

(UNEP FI, 2019). 
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Energy Source 

There is a visible trend towards decentralized renewable energy sources (IRENA, 2019a). Organizations 

that retrieve their energy from low emission energy sources might save annual energy costs during a 

transition period and are better prepared for future regulations.  

Products and Services 

The innovation of new low-carbon products and services can improve the competitiveness of an organ-

ization. With shifting consumer preferences and shifting regulations, such products and services will 

give an advantage in the market. An example is the fast market expansion of solar power in California, 

due to its clean energy laws (New York Times, 2018). 

Markets 

Opportunities exist to access new markets during the transition to a lower-carbon economy. Two exam-

ples would be the financing of green bonds and the investments into low-carbon infrastructure (PRI, 

2018).  

Resilience 

Climate resilience is the adaptive capacity of a company to respond to transition (and physical) risks and 

seize the opportunities related to them. Resilience is especially important for companies with long-lived 

assets, extensive value chains, dependency on the energy sector, or need for longer-term investment and 

financing (TCFD, 2017b). The identification and management of emerging risks provide the opportunity 

to be better prepared than competitors. 

2.2. The Need for Transition Risk Models 

2.2.1. Modern Portfolio Theory 

To comprehend the need for transition risk models in the financial sector, one has to start with the current 

mainstream approach to decision-making processes in financial risk management. In 1952, Harry Mar-

kowitz published his paper Portfolio Selection (1952). There, he introduced what would come to be 

known as the Modern Portfolio Theory (MPT). MPT is an investment methodology for constructing 

efficient portfolios4 of financial assets. The expected return of a portfolio is maximized for a specified 

risk level by using the mean and variance of financial returns (Markowitz, 1952). This investment strat-

egy forms the backbone of the financial theory as it is known today (Matthies, et al., 2019; Rubinstein, 

2002). 

The basic principle of MPT is that the contribution of an asset to the variance (the total risk) of the whole 

portfolio, and not the asset’s own risk, is important to an investor. This contribution is determined by 

the covariance of its expected returns with all other assets in the portfolio (Crowe & Parker, 2008; 

Markowitz, 1952). Securities cannot be properly evaluated in isolation by just looking at their expected 

returns and return variance. Instead, they must be assessed together in a portfolio (Rubinstein, 2002). 

There are two different risks that investors have to consider. Systematic risk applies to the whole market 

and is not specific to a certain security. Unsystematic (specific) risk is asset-specific and can be de-

creased by selecting a high number of different assets (Law, 2018). Markowitz was the first to formalize 

this idea of portfolio diversification: A highly diversified portfolio is desirable because it decreases the 

specific risks involved in individual firms. However, diversification cannot eliminate systematic risk 

(Rubinstein, 2002).  

Until today, modern portfolio theory is used in investment management to construct portfolios and to 

measure portfolio performance by comparing it to financial benchmarks (Rubinstein, 2002). By seeking 

the optimal relation between risk and return, investors create efficient portfolios. The definition of port-

folio risk as variance of the entire portfolio is important to understand, as it comes with certain 

                                                      
4 A portfolio is defined as a “set of holdings in securities owned by an investor or institution” (Law, 2018).  
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drawbacks in the context of sustainability and climate risk.5 How the financial sector has been treating 

transition risks so far can, to a certain extent, be explained by the consistent use of modern portfolio 

theory.  

2.2.2. Exposure of the Financial Sector 

In 2015, Mark Carney, then Governor of the Bank of England, coined the term “tragedy of the horizon”. 

He explained that the most extreme impacts of climate change will be felt beyond the traditional invest-

ment horizons. Therefore, financial actors have no direct incentive to fix them (Carney, 2015). Since 

then, climate change has become more of an imminent threat; not least because of the IPCC Special 

Report on the impacts of global warming of 1.5°C in 2018 (IPCC, 2018b). The understanding that cli-

mate change can lead to high economic losses has been growing among investors. In 2020, the World 

Economic Forum’s global risk ranking has, for the first time, identified five environmental and climate 

change-related concerns as the top five most likely risks (WEF, 2020). 

Policy responses to mitigate climate change are expected to accelerate in the next decade (PRI, 2020b). 

They will most probably get more forceful and disruptive, the longer they are delayed. There is solid 

evidence that climate change risks may lead to value destruction of key sectors (Hayne, et al., 2019). 

According to a pilot project of the United Nations Environment Programme Finance Initiative (UNEP 

FI) on climate risk, up to 13.2% of the total market could be at risk due to the required transition to a 

low-carbon economy until 2050 (UNEP FI, 2019, p. 12). This could represent a value loss of USD 10.7 

trillion. The Carbon Disclosure Project (CDP) calculates that USD 4 trillion worth of assets will be at 

risk by 2030 (CDP, 2020b). Emerging climate policies and transition activities have already started to 

affect companies’ financial performance, for example the value of Utilities companies (UNEP FI, 2019). 

On the other hand, the IPCC estimates that investments between USD 1 trillion and USD 3.8 trillion per 

year are needed to finance the transition to low-carbon economies to limit global warming to below 

1.5°C (2018b).  

2.2.2.1. Low Preparedness for Transition Risks 

The financial sector seems to be seriously underprepared to react to transition risks (PRI, 2020b). These 

risks are to a large extent not incorporated into current financial decision-making even though all com-

panies are in some way exposed to them (Massari, et al., 2016; UNEP FI, 2019; UNEP FI & GCA, 

2019). Several reasons can be identified. First, sustainability considerations were for a long time deemed 

unimportant by financial actors. Therefore, many companies are, until today, not disclosing decision-

useful climate-related financial information (TCFD, 2019, p. iv). Disclosure has started to increase since 

2016 but data is still scarce and more progress is needed (TCFD, 2019). Second, the missing knowledge 

around sustainability issues and the tendency to focus on near-term risks pose challenges to the incor-

poration (TCFD, 2017a). Fund managers and financial analysts normally do not look further than five 

years into the future (UNEP FI, 2019). According to a 2017 study, only 12% of mainstream sell-side 

financial analysts research companies’ prospects for a time-period longer than twelve months (Aviva 

Investors, 2017). This is an excellent example of the tragedy of the horizon that Mark Carney described. 

Third, difficulties in quantifying climate-related risks, not only in relation to inadequate disclosures, are 

another reason (TCFD, 2017a). Looking at risk from a modern portfolio theory perspective, external 

future events such as climate change are not factored in (Silver, 2017). The current risk measurement of 

investment portfolios is often constrained to the comparison to a benchmark (ibid). The intrinsic char-

acteristics of climate change make the incorporation so difficult. Climate risks are not only emerging in 

the long term, there is also no historical data for backtesting available (Dépoues, et al., 2019). The ex-

trapolation of historical trends would only give extremely poor and unrealistic results (Röttmer, et al., 

2018). As long as transition risks cannot be measured quantitatively, as a function of expected returns, 

                                                      
5 Financial risk, in the context of this thesis, alludes to market risk. In other words, the risk discussed here is the 

risk of fluctuations in financial security prices that are owned in a portfolio (Dépoues, et al., 2019). Because this 

thesis focuses on equity portfolios, such risk can also be denoted as equity risk. Other types of financial risk, e.g. 

credit risk or solvency risk, are not touched upon. 
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they will not be included in investment methodologies following the MPT approach. This results in 

inadequate financial risk management. 

Fourth, even if investors are knowledgeable about transition risks, that does not always mean that they 

can or are willing to change their investments. Pension funds, insurers or foundations often have mul-

tidecade time horizons and hold strategic, long-term portfolios because of their long-term liabilities 

(Eccles & Klimenko, 2019; Mercer, 2019). Many of those strategic asset managers and asset owners 

argue that their fiduciary duties do not allow for taking external factors such as transition risks into 

account (ibid).  

Fiduciary duties “are imposed upon a person or an organization who exercises some discretionary power 

in the interests of another person in circumstances that give rise to a relationship of trust and confidence” 

(PRI, 2015, p. 11). They describe the obligations that an investor managing other’s money has towards 

its beneficiaries.6 In short, fiduciary duties oblige the investor to manage investments according to the 

beneficiaries’ interests. These duties are often used as an excuse to not take sustainability action. Many 

investors see maximized financial returns of their beneficiaries as the only goal of their fiduciary duty 

(Eccles & Klimenko, 2019). However, the PRI shows that it should not be a legitimate barrier to the 

integration of sustainability considerations into investment processes (PRI, 2015). In the light of transi-

tion risks, one challenge is that investors do not integrate those risks into their investment processes 

because of outdated perceptions about fiduciary duty; another one that there is a lack of clarity within 

current definitions and incorporation practices (ibid).  

The UK and Sweden, amongst others, are now on their way to redefine the concept of fiduciary duty 

(Eccles & Klimenko, 2019). In Sweden, new guidelines were implemented under the National Pension 

Insurance Funds (AP Funds) Act in January 2019. The four national pension funds must conduct their 

asset management operations “exemplary by responsible investments and responsible ownership” (AP3, 

2020). It is emphasized in the guidelines that sustainable development should and can be promoted 

without compromising risk and returns (ibid).  

2.2.2.2. Special Exposure to Transition Risks 

The under-preparedness or unwillingness to include transition risks into investment processes is partic-

ularly unsettling because the financial sector is especially exposed to those risks. Exposure is hereby 

defined as either “an organization’s vulnerability to negative impacts or the capability of realizing pos-

itive impacts” (TCFD, 2017a, p. 7). For example, banks are exposed to transition risks through their 

lending and other financial intermediary activities, as well as their own operations. They may accumu-

late transition risks via their equity and bond holdings as well as their loans and should keep track of 

their credit exposure to high-risk assets (TCFD, 2017a).7  

The hypothesis of stranded assets is an example of what transition risks can mean in terms of financial 

impact. The term stranded assets refers to assets that are at risk of losing most of their value due to 

premature or unanticipated write-offs, or decreased valuation as the result of regulatory or technological 

changes related to climate change mitigation (Fang, et al., 2019; SEI, IISD, ODI, Climate Analytics, 

CICERO & UNEP, 2019; Silver, 2017). If global warming is limited to 2°C, around 82% of the global 

coal reserves and 33% of the global oil reserves are estimated to be stranded assets, losing most of their 

value (McGlade & Ekins, 2015). But not only the exposure to the fossil fuel extraction industry is risky. 

A project by Stockholm Environment Institute (SEI) and Material Economics (2017) shows that up to 

EUR 750 billion could be at risk of asset stranding in the automotive, apparel and electricity industries 

in the next decade. This would have a large negative impact on the solvency of insurance companies, 

pensions and savings. Battiston et al. (2017) find in their climate stress-testing framework that while 

                                                      
6 Fiduciary duties include loyalty (acting in the interest of the beneficiaries and avoiding conflict of interest) and 

prudence (acting with diligence and care) (PRI, 2015).  
7 In this context, it is important to note that “impacts on companies’ balance sheets and cash flows don’t necessarily 

translate one-to-one into risk for financial institutions […] because operating companies may mitigate the risk 

themselves before it passes to the ultimate asset owners and because financers and financial market actors may 

already - indeed are paid to - price risks before they materialize” (Thomä, et al., 2017b, p. 5).  
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direct exposure to the fossil fuel sector is normally small in an equity portfolio, “exposures to climate-

policy relevant sectors” can amount to up to 50%. 

This shows that the exposure to carbon-intensive sectors could pose systemic risks (Battiston, et al., 

2017). Mark Carney argued in his famous speech that transition risks and physical impacts of climate 

change do not only bring isolated losses but could pose a systemic threat to the stability of the financial 

system at large (Carney, 2015). One reason is the interconnectedness of financial institutions that can 

amplify both positive but in the case of climate change mostly negative shocks and disruptions (Battiston, 

et al., 2017; Hayne, et al., 2019). Eccles and Klimenko explain:  

“Large investment firms are now so big that modern portfolio theory – which holds that investors 

can limit volatility and maximize returns in a portfolio by combining investments from asset clas-

ses with varying levels of risk – cannot be used to mitigate system-level risks. A small investment 

firm might be able to hedge against climate change and other system-level risks by investing in 

“doom” stocks, such as gold, or in shares of companies that build survival shelters, for example. 

But firms that have trillions of dollars under management have no hedge against the global econ-

omy; in short, they have become too big to let the planet fail.” (Eccles & Klimenko, 2019, p. 110) 

As a last note, the financial sector is not only especially exposed to transition risks. It also has a special 

responsibility to contribute to the transition and to support the development of a sustainable financial 

system. Article 2.1(c) of the Paris Agreement calls on the financial sector to make “financial flows 

consistent with a pathway towards low greenhouse gas emissions and climate-resilient development” 

(UNFCCC, 2015). In short, financial actors are the ones needed to finance the transition to a low-carbon 

economy (Campiglio, 2016). A growing number of central banks, insurance companies, pensions funds, 

and other actors recognize their role in building a sustainable financial system. A selection of initiatives 

that were implemented in the last years is described below. 

2.2.3. Disclosure Initiatives and Regulations 

2.2.3.1. Task Force on Climate-related Financial Disclosure (TCFD) 

In recent years, several initiatives have emerged as a response to climate change and the challenges it 

poses to the financial sector. One of the first was the Task Force on Climate-related Financial Disclo-

sures (TCFD), which was established by the Financial Stability Board in December 2015. The Task 

Force published widely adoptable, but voluntary recommendations on climate-related financial disclo-

sures, applicable to all organizations across sectors and jurisdictions, in June 2017. The aim is to inte-

grate climate considerations into the financial system. For that purpose, their recommendations center 

around four thematic areas: Governance, Strategy, Risk Management, and Metrics & Targets. The 

TCFD encourages organizations to provide climate-related financial disclosure in their mainstream 

(public) annual financial filings and to conduct forward-looking scenario-based assessments of their 

climate risks and opportunities (TCFD, 2017b). Specific guidance has been developed for financial ac-

tors such as banks, insurance companies, and asset owners. An asset owner should for example disclose 

the resilience of their organization’s strategy regarding climate-related risks and consider different cli-

mate-related scenarios (TCFD, 2017a).  

2.2.3.2. EU Non-Financial Reporting Directive 

In 2018, the European Commission (EC) adopted the Action Plan on Sustainable Finance in order to 

mobilize investments for sustainable growth, manage financial risks related to sustainability issues and 

increase transparency (EC, 2018). Just as the TCFD, the European Commission aims to promote long-

termism in the financial market. One of the action points in the plan was the enhancement of non-finan-

cial reporting. Under this action point, the TCFD recommendations were embedded in the European 

financial framework. Directive 2014/95/EU requires companies to disclose certain non-financial and 

diversity information (EC, 2019a). Large public interest companies8 must include non-financial state-

ments in their annual reports since 2018. They themselves can choose the approach they consider most 

                                                      
8 Large public interest entities are defined by the directive as listed companies with over 500 employees (EC, 

2019a).  
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useful to disclose this information. The EC published non-mandatory guidelines in 2017 to help com-

panies with that decision. In June 2019, a new set of non-binding guidelines on reporting climate-related 

information was released (EC, 2019a). They are a supplement to the existing guidelines and integrate 

the TCFD recommendations into the EU framework. The work with the EU Action Plan is still on-going. 

It is expected that climate risk management will also be a part of other action points, e.g. the incorpora-

tion of sustainability in prudential requirements (EC, 2018). 

2.2.3.3. Other Initiatives and Regulations 

The PRI (Principles for Responsible Investment), a large and independent investor initiative, has made 

the TCFD recommendations mandatory in its own reporting framework. In 2019, PRI had around 2500 

signatories with approximately USD 85 trillion AUM (PRI, 2020a). From 2020 onwards, those signa-

tories have to disclose annually how they handle climate risks (PRI, 2019c). More than 340 investors 

have formed the Climate Action 100+ initiative with around USD 34 trillion AUM (TCFD, 2019). They 

committed to engaging with the world’s largest corporate GHG emitters to ensure necessary climate 

action and implementation of the TCFD recommendations (ibid). 

Financial supervisory authorities have started to explore how to incorporate transition risks – and more 

broadly climate risks – into their regular stress-testing frameworks (Hayne, et al., 2019). The Central 

Banks and Supervisors Network for Greening the Financial System (NGFS) reviewed practices for in-

tegrating climate risk into micro-prudential supervision and tries to define a framework on how to scale 

up green finance (Campiglio, et al., 2018; UNEP FI & GCA, 2019). The Bank of England proposed a 

framework for climate stress tests that will first be applied in 2021 (Bank of England, 2019). Further-

more, authorities like EIOPA, the European Insurance and Occupational Pensions Authority, start to 

look into the possibility of factoring climate risks into capital requirements for insurers, with a forward-

looking capital charge under pillar one requirements of Solvency II (Environmental Finance, 2019). 

All in all, growing interest from regulators and initiatives and a pressure to disclose can be noted. Cli-

mate-related reporting is slowly on its way into the non-financial statements of companies. However, 

scenario analysis is still defined as “the most important gap in climate-related reporting to date” (UNEP 

FI, 2019, p. 21).  

2.2.4. Calculating the Financial Impact of Transition Risks 

Climate action affects all sectors and all companies worldwide. The financial impacts related to climate 

change and transition risks are not always direct or clear. The identification and quantification can be a 

challenge (TCFD, 2017b). However, this should not stop financial stakeholders to try and model them.  

Driven by the specific transition risks and opportunities a company is exposed to, the company’s income 

statement, balance sheet and cash flow statement change. The TCFD has identified four major financial 

impact categories (TCFD, 2017b, p. 8 ff.). First, transition risks can affect the demand for products and 

services. One highly likely example is the emergence of carbon pricing mechanisms that can impact the 

pricing of business revenues. Second, expenditures might change due to a company’s climate strategy, 

cost structure and flexibility to adapt. Increasing input prices could also put a strain on expenditures 

(UNEP FI & GCA, 2019). Third, supply and demand changes could affect the valuation of assets and 

liabilities. Stranded assets that lose most of their value are one example. Fourth, capital and financing 

can be impacted by the transition to a low carbon economy. Transition risks and opportunities may 

change the debt and equity structure of a company. One example is the increase in debt levels for new 

capital expenditures or R&D. Another example concerns the ability to raise new debt that could decline 

for certain carbon-intensive sectors (TCFD, 2017b).  

The exposure of financial market participants to transition risks makes a risk assessment necessary to 

be able to inform financial decision-making appropriately and to control potential systemic risk 

(Battiston, et al., 2017). Modelling financial impacts helps to understand if a portfolio is ready for the 

transition to a fossil-free society or how vulnerable it is to certain risks (Hayne, et al., 2019). It will also 

increase transparency. The assessment can identify stranded assets, fossil-fuel dependent companies and 

firms offering low-carbon products or services. This will create a basis to both mitigate risks and lever-

age opportunities. Transition risk models are therefore needed from both a risk management perspective 
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and because regulators and financial system governance bodies are starting to request these assessments 

(UNEP FI & GCA, 2019).  

How are transition risks modelled today? The different types of transition risks are straightforward to 

identify but difficult to quantify. The reason for this is the significant uncertainty on the likelihood, 

timing and magnitude (Knight, et al., 2017). This led investors to not explicitly value them in their 

models, especially due to the long-term nature of those risks (ibid). The biggest challenge comes from 

the fact that transition risk analyses require forward-looking assumptions for at least one or several 

decades. Data required to perform comprehensive risk analysis is often not available. Furthermore, tran-

sition risk assessments require the modelling of dynamic interactions between the macroeconomy, the 

financial system, climate change and other factors (Campiglio, et al., 2018).  

On the practitioner’s side, many providers offer some kind of transition risk analysis, according to a 

recent analysis conducted by the United Nations Environment Programme Finance Initiative (UNEP FI) 

(2019). The following short review of different risk assessment models is inspired by the UNEP FI 2019 

Report Changing Course (UNEP FI, 2019). Transition risk models in the market differ by the number 

and design of their scenarios. Most methodologies include a 2°C scenario and at least one other scenario. 

They are most often based on the widely known energy system scenarios generated by the International 

Energy Agency (IEA). Sometimes, other Integrated Assessment Models (IAMs) are used. The most 

commonly used climate variables are generated by the IPCC’s Representative Concentration Pathways 

(RCPs). Comprehensive transition scenarios are generated to cover both policy and technology risks. 

The approaches to impact assessment differ considerably. Many methodologies cover the exposure of 

operations and assets and the sensitivity to transition risk. The assessment of adaptive capacity is less 

common. Models combine sector- and firm-level assessments by supplementing sector assessments with 

company-specific information. Asset level analyses are uncommon and mostly limited to the oil and gas 

sector.  

Outputs can be either quantitative or qualitative, most often in form of risk ratings. Quantitative outputs 

are often estimations of financial impacts against a hypothetical baseline, e.g. value at risk or gross value 

added (GVA). A well-known model is PACTA (Paris Agreement Capital Transition Assessment), a free 

tool that was developed by the 2 Degrees Investing Initiative in 2018 (2 Degree Investing Initiative, 

2019). It is applicable to equity, corporate bonds and lending portfolios. PACTA stress-tests portfolios, 

shows their alignment to specific climate change pathways and calculates potential climate-related 

losses (ibid). Other providers of quantitative models are for example Carbon Delta, now MSCI, with its 

Climate Value at Risk model, Carbon Tracker with its 2 degrees of separation model, Mercer with the 

TRIP framework, Trucost with the Carbon Earnings at Risk model, and Vivid Economics with both 

ViEW and the Net-Zero Toolkit (UNEP FI, 2019).  

Financial institutions, insurance companies and pensions funds are increasingly interested in climate 

risks, but from the academic side relatively little interest has been directed towards climate finance and 

portfolio impacts yet (Fang, et al., 2019). Most research papers directed towards transition risks have 

been published very recently. A focus on stranded assets or carbon risk, in other words the exposure to 

GHG emissions that materializes as price risk, is most common (Koch & Bassen, 2013). Carbon risk 

has been quantified in various ways (Massari, et al., 2016; McGlade & Ekins, 2015; Monasterolo & de 

Angelis, 2020). Examples include Lemma et al. (2019) exploring the relation between carbon risk and 

the overall cost of capital of a company. Monasterolo et al. (2017) measure financial portfolios’ exposure 

to GHG emissions and possible stranded assets. Quite extensive literature on carbon pricing mechanisms, 

e.g. carbon tax implications (Larsen, et al., 2018), and other policy measures can be found (Campiglio, 

2016). Others are modelling the macroeconomic impacts of climate policies, e.g. the phasing out of 

fossil fuel subsidies (Monasterolo & Raberto, 2019). Stolbova et al. (2018) assess the economic impact 

of climate policies by using a financial macro-network approach.  

The literature becomes scarcer when looking for quantitative frameworks that are not solely focused on 

carbon taxes or policy risks. Clapp et al. (2017) categorize transition risks for CICERO but do not build 

a transition risk model. The same applies to Bender, Bridges and Shah (2019) who analyze available 

metrics for capturing climate-related investment consideration, such as carbon intensity, green revenue 

and fossil fuel reserves, and propose a framework for building climate strategies within public equities. 
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Their framework is not a risk assessment per se and puts very limited emphasis on transition risks. More 

progress can be found in the area of climate risk stress-tests.9 Battiston et al. (2017) develop a “climate 

stress-test” for equity portfolios. Their framework is based on policy scenarios and a network approach 

to financial dependencies. Their model relies on a sector analysis and a sector classification into “green” 

and “brown” sectors. Several frameworks are using that “green and brown” exposure approach (Nieto, 

2019). A similar stress-testing methodology for loan portfolios is developed as well (Monasterolo, et al., 

2018). Hayne et al. (2019) develop a regulatory stress-testing framework specifically for transition risks. 

Their focus lies on measuring the impacts of late and disruptive policy responses and a sudden decar-

bonization. The framework focuses on equity and corporate bonds and certain “climate-sensitive” sec-

tors (e.g. fossil fuels, power, steel, cement).  

Only a few comprehensive risk assessment frameworks using transition scenarios can be found. Fang, 

Tan and Wirjanto (2019) discuss the management of climate change risks for equity investments. They 

score risk exposure on the basis of carbon intensities and quantify risk impacts with the help of scenarios 

that are derived from IAMs. Bachner, Mayer and Steininger (2019) model economy-wide effects of the 

electricity sector’s low carbon transition based on policy scenarios and WACC changes. Campiglio et 

al. (2018, p. 463) note that “establishing a framework, or a plurality of frameworks, for assessing and 

quantifying the macrofinancial impacts of climate change and the low-carbon transition thus remains an 

area that requires further research.” 

As shown above, there is no lack of practical tools for transition risk modelling (UNEP FI, 2019). How-

ever, most models are only looking at certain sectors and financial impact is derived from only one or 

two input parameters, e.g. a carbon tax. In academia, a lack of comprehensive transition scenario frame-

works has been noted. Currently, there is no consensus on appropriate methodologies (Battiston, et al., 

2017). Hayne et al. (2019, p. 218) argue, that “multiple scenarios covering different potential outcomes 

and tools that enable easy assessment of both markets and portfolios should be developed”. The trans-

lation of scenarios into company-level financial impacts seems to be a challenge. As of now, the litera-

ture is mostly focused on stress-testing approaches, as shown by Battiston et al. (2017). Stress tests are 

only using one a limited number of assumptions at a time and have a rather short timeframe (ibid). 

Therefore, they are not necessarily suited to explore transition risks. Last but not least, a gap in both 

academia and industry was identified: Transition capacity analysis has not been common in the meth-

odologies that are currently in the market, even though it can change financial impacts significantly 

(UNEP FI, 2019).  

The development of transition risk models is necessary because the financial sector is both underpre-

pared for and especially exposed to transition risks. Further research is required to develop robust for-

ward-looking methodologies. Progress in the field is urgently needed to sustain the momentum in sus-

tainable finance that was gained over the last years (Campiglio, et al., 2018). This thesis attempts to 

build a transition risk framework that is transparent in its assumptions and based on academic research. 

It contributes to both methodological and applied aspects of climate risk research by providing own 

transition scenarios and a methodology on financial impact valuation. The objective is to incorporate 

transition risks into investment management and modern portfolio theory by quantifying those risks. 

The framework has a strong focus on the transition capacity of companies. To the author’s knowledge, 

this has not yet been leveraged in existing academic literature in the context of transition risk frameworks. 

The developed model will allow for the integration of physical risks in the future because both types of 

climate risks need to be factored into financial decision-making (PRI, 2020b). 

  

                                                      
9 The academic interest in the field of climate-stress tests might be linked to the continued interest of central banks, 

especially the Bank of England, in this area (Bank of England, 2019).  
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3. Methodology 

3.1. Scenario Analysis 

3.1.1. Methodology 

Assessing transition risks is, by definition, a forward-looking task. The effects of climate change are 

likely to become increasingly intense over the course of the next 50 to 100 years. Simultaneously, the 

mitigation attempts of regulators and societies will accelerate. As both the timing and magnitude is 

uncertain, nobody knows exactly what will happen in the future. However, making as best a guess as 

possible is needed to assess emerging risks.  

Scenario analysis is a well-established forward-looking methodology that is used to assess the impact 

of plausible future states and pathways (CISL, 2019; Rounsevell & Metzger, 2010; TCFD, 2016).10 

Scenarios are hypothetical constructs, resembling stories that have been methodologically developed to 

describe a path of development (CDP, 2019; TCFD, 2016). They are designed to deliver a number of 

plausible future states, not precise predictions of how the future will look like (TCFD, 2017b). Scenario 

analysis evaluates a range of potential outcomes by considering those future states under a given set of 

coherent, internally consistent assumptions and constraints (TCFD, 2016).  

Scenario analysis can be qualitative or quantitative. The former explores relationships and trends with 

little to no numerical data (see Rounsevell & Metzger, 2010), whereas quantitative scenarios use ana-

lytical techniques to assess measurable trends. One typical use case for such quantitative scenarios are 

financial valuations and risk assessments (Massari, et al., 2016; Samonas, 2015). It is important to note 

the difference between scenario analysis and sensitivity analysis. The latter uses the variation of only 

one or two variables in a financial model to determine how sensitive the model is to those changes 

(Samonas, 2015). Scenario analysis, on the other hand, addresses many different input variables and 

their impact at the same time. Scenario analysis is not the same as forecasting either. Forecasting is a 

description of what the future is likely to be by extrapolating current trends. Scenarios describe alterna-

tive future states. Forecasting requires good data availability, historical precedents and higher certainty. 

It is therefore limited to shorter time periods (Schneider & Rist, 2014). 

Scenario analysis is seen as “important for improving the disclosure of decision-useful, climate-related 

financial information” by the TCFD (2017b, p. v). It is a central part of the TCFD recommendations on 

how to assess climate risks and opportunities effectively. Therefore, this method has been chosen for 

this thesis. Numerous advantages can be found. Scenario analysis helps to understand issues with highly 

uncertain possible outcomes that will emerge over a long time period (Riahi, et al., 2017). The method 

highlights the most important variables that impact the outcome (Massari, et al., 2016). It can be an 

effective learning and planning tool (Wollenberg, et al., 2000). As a planning tool, it enhances organi-

zations’ ability to assess impacts and to find possible management strategies by considering different 

plausible pathways and important drivers in a structured way (CDP, 2019). Knowledge about different 

pathways also allows to recognize movements toward a certain scenario state. Scenario analysis also 

helps to understand the robustness of certain risk strategies. Disadvantages are the complete dependency 

on the choice of assumptions and variables, as well as the fact that only a limited number of scenarios 

can be considered. It is impossible to account for all the different possible future pathways (Massari, et 

al., 2016).  

The academic literature offers a wide variety of different approaches to scenario analysis. This paragraph 

gives a non-exhaustive overview. Normative scenarios describe futures that “should be” or are plausible 

according to current or past trends. They are often presented in storylines (Schneider & Rist, 2014). A 

business-as-usual scenario could be a normative scenario, but most often, those scenarios describe en-

visioned sustainable futures (ibid). Exploratory scenario analysis constructs potential future develop-

ments based on “what ifs.” This is done with the purpose of exploring new possibilities and producing 

knowledge about those possibilities. Both mentioned approaches above can be used to develop insights 

                                                      
10 Scenario analysis has been a valuable tool for the private sector for the last 30 years (Massari, et al., 2016). 
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about a certain transformation (Schneider & Rist, 2014). Participatory scenarios are a third approach. In 

this approach, stakeholders are involved in the scenario construction process, e.g. to analyze people’s 

preferences regarding the future (ibid).  

When looking more specifically at climate change scenarios, different fields of research such as envi-

ronmental science and economics must be brought together to explore major global developments linked 

to global warming. When researchers want to quantify the impact of climate change, Integrated Assess-

ment Models (IAMs) are usually used (Fang, et al., 2019). IAMs integrate methodologies across multi-

ple disciplines into one scientific model and provide a quantitative projection of scenarios. They are 

used to assess the impacts of policies or technology changes (Huppmann, et al., 2018). In other words, 

they explore the technological, socio-economic and policy futures that could lead to a certain magnitude 

of climate change (van Vuuren, et al., 2011). The Shared Socioeconomic Pathways (SSPs) are the most 

prominent examples of IAMs. They were established by the climate change research community as part 

of an integrated assessment of climate impacts (Riahi, et al., 2017). They are based on five different 

narratives. Those narratives are relying on different IAMs that describe future developments and make 

long-term demographic and economic projections.11 All of them are based on the four Representative 

Concentration Pathways (RCPs) that describe different global climate projections (ibid).12 The RCPs 

have been developed by the IPCC for its Fifth Assessment Report (AR5) in 2014. 

A thorough scenario analysis uses a structured approach where each scenario focusses on a different set 

of combinations of the key variables. The explored events should be plausible. The scenarios should be 

transparent with explicit assumptions and constraints. Furthermore, the scenarios should be consistent, 

with strong internal logic, and comparable to each other (CDP, 2019). The TCFD requires scenarios to 

be plausible, distinctive, consistent, relevant, and challenging (TCFD, 2016). 

Considering the TCFD’s requirements on a scenario analysis, it is very important to construct scenarios 

by following a systematic process. Rounsevell and Metzger (2010, p. 609) describe five stages to de-

velop and analyze scenarios. 

1) Identification of the focal question: The researcher needs to identify the aim of the scenario 

exercise as well as the spatial and temporary boundaries of the scenarios.  

2) Identification of key drivers: Key drivers that affect the focal question must be determined. 

Those key drivers are the underlying causes of change and can be of social, technological, 

economic, environmental, or regulatory nature. 

3) Determination of the scenario logic: The scenario logic in form of a framework must be 

established. Within this framework, all scenario assumptions will be developed on basis of 

the key drivers. A “matrix approach” is very common to construct scenario logics in the field 

of climate change assessment (Rounsevell & Metzger, 2010, p. 609). 

4) Description of scenario assumptions: All principles and assumptions for the alternative fu-

tures are described.  

5) Assessment of scenario outcomes: The scenario implications and potential impacts are ana-

lyzed, either by qualitative storylines or quantitative models.  

A quite similar systematic process in four steps is described by Maack (2001). First comes the definition 

of a focal issue or decision. Second, the driving forces are identified. Those drivers are, just as above, 

defined as social, economic, environmental, political, and technological factors that are most relevant to 

the focal issue. In the third step, the scenario plots are written. The plots explain how the driving forces 

interact. Step four is called “fleshing out the scenarios” by providing more quantitative and qualitative 

data for each scenario. After those four steps, the scenarios and their implications are analyzed. Wollen-

berg, Edmunds and Buck (2000) advocate a similar approach.  

                                                      
11 The underlying IAMs are AIM-CGE, IMAGE, MESSAGE-GLOBIOM, REMIND-MagPie and WITCH-GLO-

BIOM (Riahi, et al., 2017). 
12 The four RCPs are labelled after possible radiating forcing values in 2100. They will most likely be superseded 

by new projections in the IPCC Sixth Assessment Report that is expected to be released in 2022 (IPCC, 2017). 
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The TCFD technical supplement on the use of scenario analysis offers the following set of key consid-

erations which should be addressed when building scenarios (TCFD, 2016). First, analytical choices 

such as the time horizon, scenarios, models and supporting data must be determined. Second, scenario 

parameters such as the GDP, demographic variables and other macro-economic factors should be de-

fined. Third, assumptions related to future policy implementation, technology development or the future 

energy mix have to be made. Fourth, business impacts, such as impacts on earnings, costs, revenues, 

assets and capital allocation, or investments, should be explored (TCFD, 2016).  

3.1.2. Scenario Construction 

The scenario construction in this thesis follows the scenario development process from Rounsevell and 

Metzger (2010) as described above. Small adaptations to the process are made when deemed appropriate. 

The TCFD recommendations are considered in the construction process. The following sections will 

detail the scenario construction.  

Step one and two, the focal question and key drivers of the scenarios, are described together as they fit 

very well. The determination of the scenario logic in step three uses the IPCC RCPs. There, the scenarios 

are described qualitatively. The scenario assumptions and input parameters are developed in greater 

detail in step four. It is important to note, that the scenarios in this model have not been developed from 

scratch. Instead, already existing IAMs are operationalized to build comprehensive transition scenarios. 

This allows for a more flexible framework which can also make the adaptation of new IAMs easier in 

the future.  

The actual scenario analysis can then be found in 3.2. Transition-Adjusted Discounted Cash Flow 

Model (TA-DCF). There, the scenario outcomes are translated into financial parameters to determine 

portfolio return implications with the help of a discounted cash flow model. This corresponds to step 

five in the process of Rounsevell and Metzger (2010).  

The guiding principles for this scenario construction are (1) to develop transition scenarios directly tai-

lored for financial risk analysis. This includes (2) the coverage of the right factors (materiality) with as 

much granularity as possible. (3) Quantitative assumptions have to be made in order to be able to model 

financial impact. All assumptions must be as transparent as possible. (4) The scenarios have to be rele-

vant and usable for practitioners in the financial industry.  

3.1.2.1. Identification of the Focal Question and Key Drivers 

The aim of this scenario analysis is to model transition risks in order to assess their impact on equity 

portfolios. The scenarios should be in line with the TCFD recommendations and their technical supple-

ment on scenario analysis. This means the inclusion of at least one 1.5 or 2°C scenario is necessary, 

given the international climate change commitments (TCFD, 2016).  

The scenarios have a global scope. Otherwise, the application to all kinds of equity portfolios is not 

given. Five- and ten-year time horizons are chosen. The time horizon is critical to the materiality of 

transition risk. Over such a relatively short timeline, a challenge could be that no material differences 

between the scenarios can be found (Thomä, et al., 2017b). However, this time period is not unusual for 

most energy system models (ibid). Furthermore, a survey from CICERO Climate Finance Advisory 

Board shows that the chosen timeframe is in line with the interests of investors (Clapp, et al., 2017).13  

Key drivers of the model are the transition risks as described in the TCFD recommendations (TCFD, 

2017b). The faster the transition to low-carbon economies, the higher transition risks are expected. The 

key driver matrix below (Fig. 1) shows how transition risk and global warming are linked to each other. 

A fast transition to a net-zero emission economy means that only very little greenhouse gases are emitted 

in the remaining decades of this century, leading to a low increase in global temperatures. This fast, 

disruptive transition comes with high transition risks, as shown in the right, lower corner of the diagram 

                                                      
13 The time horizon for regulatory stress-tests is usually three years, so even shorter than the proposed time frame 

here (Hayne, et al., 2019).  
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in Figure 1. On the other hand, a slow transition means low transition risk but higher global warming 

because climate change was not mitigated fast enough.  

 

Fig. 1. Key driver matrix: Global warming and transition risks 

3.1.2.2. Scenario Logic: IPCC Pathways 

The TCFD recommends analyzing several climate risk scenarios that cover both favorable and unfavor-

able future outcomes (TCFD, 2017b). In total, three different transition scenarios will be modelled in 

this thesis. To define the baseline for distinct scenarios, the IPCCs latest greenhouse gas concentration 

pathways (RCPs) are used. As already explained previously, the RCPs describe different projections of 

the global climate for the year 2100 in the form of radiative forcing values. The RCPs are chosen as the 

baseline because they have been developed by the scientific community on request of the IPCC (van 

Vuuren, et al., 2011). They are used in the SSP framework and most other integrated assessment models 

(Riahi, et al., 2017). The wide acceptance and adoption of the RCPs make a combination of different 

IAMs in the model possible.  

In order to construct plausible future states, one must understand what the world looks like today. Hu-

man activities have already caused over 1.0°C of global warming above pre-industrial levels. It is highly 

likely that the temperature will reach 1.5°C between 2030 and 2052 if the current CO2 emissions trend 

does not change (IPCC, 2018b). Only a rapid decline in emissions can lead to pathways with no or 

limited overshoot of 1.5°C, as shown in green in Figure 2 below. However, GHG concentration in the 

atmosphere has increased between 2015 and 2018, even though the Paris Agreement pledged otherwise 

(IPCC, 2018b). The gap between the observed annual emissions and the reductions needed to meet the 

climate objectives of the agreement (“staying well below 2°C”) has widened even further.  

The remaining total carbon budget that gives a 50% probability of staying below 1.5°C is determined as 

580 GtCO2 (IPCC, 2018b). When increasing this probability to 66%, only 420 Gt CO2 are left (ibid). In 

2018, a total of 55.3 Gt CO2e haven been released, including land-use change (UNEP, 2019a).14 That is 

9.5% of the total remaining carbon budget (50% probability). Emitting this amount annually would 

mean that the carbon budget is used up in less than ten years. There is a huge gap between what the 

world is emitting right now and what it should emit. The UNEP warns in its Emission Gap Report 2019 

that “we are on the brink of missing the opportunity to limit global warming to 1.5oC” (UNEP, 2019a).  

                                                      
14 The amount of global energy-related CO2 emissions flattened in 2019 at 33 Gt (IEA, 2020).  
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Fig. 2. Global GHG emissions for different global warming pathways by 2030 after UNEP (2019a) 

The three developed transition scenarios use the RCPs as the baseline. Because only three scenarios are 

built, the nominal RCP forcing levels of 2.6, 6.0 and 8.5 W/m2 are selected as climate targets for the 

scenarios. The following storylines are built around the RCPs, to describe the mitigation ambitions and 

subsequent transition in a qualitative way. A business-as-usual scenario assumes the same trends in the 

future as observed in the past, a soft transition scenario takes plausible shifts into account and an ambi-

tious transition scenario describes aggressive mitigation efforts.   

Business as Usual (BAU) 

This scenario describes a pathway where emissions continue to rise at current speed and no 

additional efforts are taken to constrain them. The BAU is the baseline scenario that the other 

two scenarios will be compared to. This is a common approach in scenario analysis (Massari, 

et al., 2016). The rising emissions are corresponding to a radiative forcing pathway towards 

8.5 w/m2 (resembling 1370 ppm CO2 eq in the atmosphere) by 2100 (van Vuuren, et al., 2011). 

According to this scenario, it is as likely as not that global warming exceeds 4°C in 2100 

(IPCC, 2014a). Policies and markets develop along the same trends as in the past far into this 

century. The transition to low carbon economies is not prioritized. This scenario does not in-

clude any market shifts nor announced but not implemented policies. Therefore, low transition 

risks are expected. It is worth noting that the highest physical risks are expected in this scenario 

because the increase in temperature is most dramatic here. Companies are at high risk of ex-

periencing more extreme weather events and long-term climate changes in the future. Figure 

3 illustrates this interdependency of physical and transition risks (Knight, et al., 2017).  

Limited Decarbonization (LD): Best effort but not enough 

This scenario follows the intermediate RCP 6.0, leading to a radiative forcing value of 6.0 

W/m2 by 2100. This corresponds to a GHG emission concentration of around 850 ppm CO2 

eq (van Vuuren, et al., 2011). This pathway could quite likely lead to global warming of over 
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2.5°C by 2100 (IPCC, 2014a). To lower the GHG emissions, policy action will occur. Current 

announced and projected plausible policies are taken into consideration. Markets and technol-

ogies will shift partially to decrease GHG emissions, but the efforts are not extensive enough 

to transition to low carbon economies. This is where the current nationally stated pledges under 

the Paris Agreement lead, according to the IPCC (2018b).15 

Ambitious Transition (AT): Better than Paris 

This scenario describes very ambitious efforts to reduce emissions and is the only scenario not 

likely to exceed 2°C (Riahi, et al., 2017). The radiative forcing has already peaked before 2100 

(corresponding to a GHG concentration of around 490 ppm CO2 eq in the atmosphere) and is 

declining again, resulting in 2.6 W/m2 by 2100 (van Vuuren, et al., 2011). Zero emissions 

policies are adopted fast during the next decade because emissions need to be more than halved 

by 2050 to have a chance to follow this pathway (IPCC, 2018b).16 Together with new low 

carbon innovations and huge shifts in market preferences, those aggressive mitigation policies 

will achieve the goal of staying well below 2°C. The highest transition risks are expected in 

this scenario as well as the fastest changes (see Fig. 3).  

 

Fig. 3. Transition scenarios with future risk implications and expected global warming by 2100 

After defining the scenario logic, the second analytical choice is how the transition to lower emissions 

will be modelled. Choosing publicly-available scenarios should be considered according to the TCFD 

(2016). Such scenarios are for example the IEA World Energy Outlook scenarios (IEA, 2019), the 

IRENA Global Energy Transformation scenarios (IRENA, 2019a), the PRI Inevitable Policy Response 

(PRI, 2020b) or the models behind the Shared Socioeconomic Pathways (Riahi, et al., 2017). They all 

describe how macroeconomic variables have to change in order to reach a certain degree of global 

warming.  

According to the TCFD (2016), the publicly-available scenarios can be either used directly or they can 

help to inform the development of own scenarios. In this thesis, the latter was chosen. The development 

of an own framework based on several existing IAMs was preferred. The reason is that the scenarios 

need to be translated into financial outputs. Current decarbonization scenarios are often not designed for 

financial risk analysis because they lack key parameters needed to understand financial impacts (2 

Degree Investing Initiative & The CO Firm, 2017). Their focus lies on GHG emissions and technology 

pathways.  

                                                      
15 “Pathways reflecting current nationally stated mitigation ambitions until 2030 are broadly consistent with cost-

effective pathways that result in a global warming of about 3°C by 2100, with warming continuing afterwards 

(medium confidence)” (IPCC, 2018b, p. 18). A CICERO report comes to the same result (Clapp, et al., 2017). 
16 In model pathways with no or limited overshoot of 1.5°C, global net CO2 emissions should decline to net-zero 

around 2050. To keep global warming below 2°C, net-zero needs to be reached around 2070 (IPCC, 2018b). 
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This is why the thesis seeks to reframe and operationalize existing IAMs to make them usable for finan-

cial analysis. The financial valuation model sets a natural constraint to the scenario construction because 

all outputs need to be translatable into financial risks. The translatability is mostly constrained by the 

availability of data.17 Furthermore, customized scenarios were deemed a better fit because they can be 

constructed in a completely transparent way. They can also be aligned with the needs of asset managers 

and asset owners for portfolio risk management. To not strictly follow one IAM gives the freedom to 

“mix and match” and explore futures that differ from existing scenarios. This is possible because the 

scenario logic is based on the RCPs, as in most of the IAMs. According to a 2018 financial services 

industry survey by Oliver Wyman, self-defined scenarios are not a rarity. Around 20% of the surveyed 

financial institutions use internal climate scenarios (Colas, et al., 2019).  

3.1.2.3. Scenario Assumptions 

Because of the choice to construct own scenarios instead of using an available model, scenario assump-

tions need to be developed. This scenario analysis has the sole aim of projecting transition risks. Ac-

cording to the TCFD, transitioning to lower-carbon economies comes with extensive policy, legal, tech-

nology and market changes as well as reputational risks (TCFD, 2017b). Therefore, principle assump-

tions should concern e.g. future policy implementation, technological developments, changes in produc-

tion and market pricing, the energy mix and the timing of those changes.  

The critical input parameters have been chosen in relation to their feasibility to quantify them in a 

straight-forward way. The key here is simplicity and transparency. The objective is to be able to model 

transition risk without too many additional assumptions surrounding the input parameters. The con-

structed scenarios are deterministic. In the three scenarios, policy risks in the form of a policy response 

as well as market and technological changes will be modelled. Legal risk18 is not part of the scenario 

framework as its financial impact is deemed limited in the near future (Clapp, et al., 2017).  

3.1.2.3.1. Policy Responses: A Global Carbon Tax 

A growing patchwork of climate policy frameworks is emerging at international, national and state level. 

As of March 2020, over 1800 climate laws and policies exist worldwide (Climate Change Laws of the 

World, 2020). An exponential increase in such policies can be observed since the 1990s (World Bank, 

2019). 

Climate policies can increase either the input or the operating costs for high carbon activities to ensure 

the transition to a low carbon economy and control emissions. In recent years, carbon pricing has 

emerged as a key policy mechanism to curb greenhouse gas pollution (CDP, 2020a). It is an instrument 

that has been recognized as a cost-effective way to deliver the transition to a low-carbon society by 

IPCC, OECD and IMF (World Bank, 2019, p. 8). Besides, it is an easy-to-implement and wide-reaching 

tool that leads to GHG emission reductions and incentivizes low carbon technologies (PRI, 2020b). The 

number of national and regional jurisdictions with carbon pricing policies has doubled over the last 

decade. Efforts on the international level can be noted as well, but as of right now, carbon pricing is 

highly country-specific (Clapp, et al., 2017; World Bank, 2019). 

The most common ways to put a price on carbon are emissions trading systems (ETS), taxation and 

offset mechanisms (World Bank, 2019). The range of prices in existing initiatives goes from USD 1 to 

USD 127/t CO2e (ibid).19 According to PRI (2020b), the current scope and levels of carbon pricing are 

insufficient. Only 20% of the global GHG emissions are subject to pricing and over 50% of those are 

priced under USD 10/t CO2e. 

                                                      
17 Both financial and sustainability data need to be available. Because of the global scope of the transition risk 

framework, this can be a rigorous constraint.  
18 Legal risk is highly unpredictable, also called “black swan” events. Climate-related litigation claims are hard to 

forecast and are expected to have limited impacts within the next years (Clapp, et al., 2017). Therefore, they are 

not modelled here.  
19 Sweden has the highest carbon tax worldwide (USD 127/t CO2e). 
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The World Bank estimates that an international carbon market could reduce the annual cost of limiting 

global warming to 2°C significantly, if compared to single country action (World Bank, 2019). It should 

be noted that the PRI deems a global carbon price unlikely in the near term (PRI, 2020b). However, in 

Article 6 of the Paris Agreement, a mechanism for voluntary cooperation among the signatories to im-

plement their NDCs, raise ambition, and promote sustainable development and environmental integrity 

was instituted (UNFCCC, 2015). It could be the basis for establishing an actual international carbon 

pricing mechanism or international carbon markets (World Bank, 2019). The guidelines for implement-

ing Article 6 are yet to be clarified in the coming Conference of the Parties (COP), also called the UN 

Climate Change Conference.20  

In this transition risk framework, policy costs are modelled through a global carbon tax – introduced by 

a multinational policy agreement such as the Paris Agreement – that covers the whole economy. The 

timing of its introduction and the price per ton carbon differs between the three scenarios (see Table 1). 

After the introduction, the price will increase annually. The framework draws on available academic 

literature to define appropriate carbon prices. Different estimates were found, for example estimates of 

the social cost of carbon (Massari, et al., 2016), the REmap pathway of IRENA (IRENA, 2019b) and 

different carbon pricing trends in the latest report of the World Bank (World Bank, 2019). The introduc-

tion dates are own assumptions, based on important dates set by the Paris Agreement. 

Business as Usual 

In the Business as Usual scenario, no global tax on carbon is introduced. Several countries 

already have a carbon tax in place, but those will not change significantly in the future. There-

fore, additional costs from a carbon tax are not modelled in the BAU scenario.   

Limited Decarbonization 

In the Limited Decarbonization scenario, global carbon prices converge by 2050 at around 

USD 100/t CO2e, following the suggestions of the PRI Inevitable Policy Response (PRI, 

2020b). This is too little too late to really start the decarbonization of the economy in the first 

half of this century, which makes the forecast plausible for this scenario. In 2030, a moderate 

global carbon tax could be expected at an average of USD 60/t CO2e. The global tax is intro-

duced in 2025, in connection to the next round of Nationally Determined Contributions (NDCs) 

that governments have to provide under the Paris Agreement (UNFCCC, 2020a).21 According 

to the PRI (2020b), policy announcements are expected to accelerate around that year because 

of the Agreement. 

Ambitious Transition 

For the Ambitious Transition scenario, a global carbon tax is introduced at the beginning of 

the 2020s. Governments from all over the world finally understand the urgency for climate 

change action at COP26 and agree on extensive guidelines for Article 6 of the Paris Agree-

ment.22 The global tax is introduced in 2022 to increase the speed of transition. This comes 

just in time with the Global Stocktake, that Paris Agreement governments have agreed on 

conducting in 2023 and every five years thereafter (UNFCCC, 2020b). The Global Stocktake 

is a way to document the collective efforts and the progress of the Parties (ibid). In order to 

stay within the Paris target, the global tax reaches a level of USD 145/t CO2e by 2030. Ac-

cording to the IPCC Special Report, a carbon tax should lie in the price range from USD 135 

                                                      
20 Guidelines for implementing Article 6 were supposed to be finalized at COP25 in 2019, but no consensus was 

reached regarding the topic (Carbon Brief, 2019). 
21 The Paris Agreement requires each Party to prepare, communicate and maintain Nationally Determined Contri-

bution (NDCs) to climate change action in Article 4(2). One part is to regularly report their emissions and imple-

mentation efforts. NDCs are submitted every five years. The next round of updated or new NDC submissions is 

due in 2020 (UNFCCC, 2020a). 
22 Please note that the scenarios were constructed before the COVID-19 crisis and therefore, no implications of the 

pandemic – such as the postponement of COP26 until 2021 (UNFCCC, 2020c) – were taken into account in the 

scenario building process.  
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to USD 6,050 per ton CO2e by 2030 to stay below 1.5°C with a 50-66% probability (IPCC, 

2018b). USD 145 is at the lower end of this interval, informed by other research from e.g. the 

High-Level Commission on Carbon Prices. The Commission estimates a tax between USD 50 

and USD 100/t CO2e by 2030 is enough to meet the Paris targets (World Bank, 2019).  

Table 1. Carbon tax per scenario 

Scenario Business as Usual Limited Decarboniza-

tion 

Ambitious Transition 

Date of introduction No carbon tax 2025 2022 

Price per t CO2 emissions 

at introduction23 

- 53 USD/t CO2 115 USD/t CO2 

Annual increase - 2.50% p.a. 2.95% p.a. 

Price per t CO2 emissions 

in 2030 

- 60 USD/t CO2 145 USD/t CO2 

This input parameter will be the proxy for all policy costs expected in the future. Other possible input 

variables could be the creation of a licensing framework or the complete ban of high carbon activities 

or specific technologies. An example could be the strict regulation of coal, oil and natural gas. This 

could be simulated as a market disruption, where 80% of all revenue from “brown” activities disappears 

at once, based on the hypothesis that 80% of the world’s fossil fuel reserves must remain unexploited 

(Fang, et al., 2019). However, this is seen as highly unlikely in the next five to ten years because of the 

high socioeconomic impacts of such a ban (ibid). Therefore, it is not chosen as an input parameter. 

Subsidies can pose another policy risk. One idea was to remove or reduce existing subsidies for the 

Energy and Utilities sectors. Subsidies directed towards the renewable energy and/or biofuels are an-

other possibility. This instrument was not chosen because it is hard to model globally with the resources 

available for this thesis. Every country has a different system of subsidies as of right now.  

Carbon prices are expected to be a driver of the use of renewable energy, low carbon technologies, coal 

phase-outs, and energy efficiency improvements (PRI, 2020b). If they are strong enough, they are ex-

pected to have an immense impact on the economy. The market and technology shifts introduced in the 

following sections are built on the assumption that the global carbon tax is implemented.  

3.1.2.3.2. Market and Technology Shifts 

Regulatory changes are only one part of the equation. New technologies and the shift of market prefer-

ences are needed for a swift transition to a fossil-free society. They must be taken into account when 

constructing a transition risk framework. Most scenario analyses focus on energy transformation (IEA, 

2019; IRENA, 2019a). In this scenario analysis framework, two different shifts are modelled – a change 

of the renewable energy share in power generation and a shift in fossil fuel production.  

3.1.2.3.2.1. Share of Renewables in Power Generation 

Renewables are one of the key ingredients of a successful energy transition (IPCC, 2018b). The shift 

from fossil fuel-based to renewable electricity is going to be driven by CO2 prices, the support from 

policymakers for new low-carbon technologies, consumer awareness and preferences, and the decreas-

ing marginal costs of renewable power production (2 Degree Investing Initiative & The CO Firm, 2017). 

The Utilities sector has already – slowly – started the transformation. Renewable power technologies 

are dominating the market for new generation capacity and the costs of renewable electricity have con-

tinued to decline in the last decennium (IRENA, 2019a). However, deployment of renewable solutions 

in energy-consuming sectors is still far below the levels needed to reach “well below 2°C” (IRENA, 

2019a, p. 10). 

This input variable is chosen as a proxy for technology risk. The shift of the power market represents 

future technology changes and low-carbon investment flows (Fang, et al., 2019). The Global Energy 

Transition research by the International Renewable Energy Agency is the basis for this variable (IRENA, 

2019b). IRENA’s pathways seem well-aligned to current trends in the renewable sector, something that 

                                                      
23 Own assumptions based on date of introduction and projected price in 2030.  
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the International Energy Agency has historically been underestimating (2 Degree Investing Initiative & 

The CO Firm, 2017). Furthermore, the REmap Case shows a very ambitious development of renewables 

and is deemed an excellent fit for the Ambitious Transition scenario.24 According to IRENA (2019a), 

the current share of renewables in power generation lies around 25% globally.25 It has been rising five 

percentage points (from 20%) since 2010 (ibid). Assuming a linear increase, this accounts for an average 

growth of around 0.5 to 0.6 percentage points per year.  

Business as Usual 

In the Business as Usual scenario, the current trend continues, and the share of renewables in 

the power market grows to around 30% by 2030. To reach this percentage, the market share 

of renewables must increase by 1.85% annually (see Table 2).  

Limited Decarbonization 

The share of renewables in power generation is growing to 38% by 2030 in the Limited De-

carbonization scenario. This number is derived from IRENA’s Reference Case 2019 that mod-

els current and planned policies of countries.26 In this scenario, the current share is first grow-

ing at a lower rate of 3.4% p.a. It is assumed that the growth rate increases after the introduction 

of the global carbon tax, resulting in higher costs for fossil fuel electricity production. From 

2025 onwards, the renewable share, therefore, is defined to grow with an annual 5.15%, show-

ing an upwards-bending curve. 

Ambitious Transition 

In the Ambitious Transition scenario, the renewable share in power generation increases at a 

much higher speed. By 2030, renewables (without nuclear) account for 57% of the total power 

generation (IRENA, 2019a, p. 20). It will further increase to 86% in 2050 to ensure the target 

of staying well below 2°C, according to the REmap Case. This is a result of strict regulations 

and shifts in market preferences. The increase will start at 4.5% p.a. It more than doubles after 

the introduction of the global carbon tax in 2022 to a 9.65% annual increase. 

Table 2. Renewable energy shares by 2030 after IRENA (2019a) 

Scenario Business as Usual  Limited Decarboniza-

tion 

Ambitious Transition 

Renewable Energy Share 

by 2030 

30% 38% 57% 

Change rate 1.85% p.a. 2020-2025: 3.4% p.a. 

2026-2030: 5.15% p.a. 

2020-2022: 4.5% p.a. 

2023-2030: 9.65% p.a. 

3.1.2.3.2.2. Change in Fossil Fuel Production 

Fossil fuels are another key driver for decarbonization scenarios. Without a reduction of fossil fuel pro-

duction, global warming cannot be limited to 1.5°C or 2°C. Therefore, the change in fossil fuel produc-

tion will be modelled in the scenarios. A change is expected in connection to the introduction of the 

global carbon tax which will drive the market demand reduction for high carbon products and commod-

ities. Another driver is the ongoing electrification and a shift in market preferences. Some countries have 

already announced plans to phase out coal, e.g. Germany, Canada, the UK, and Chile, and the earliest 

phase-outs are expected by 2030 (PRI, 2020b). In this transition framework, the production of oil, coal 

and natural gas over the next ten years is modelled.  

                                                      
24 IRENA’s REmap Case models a global energy system that limits the rise in global temperature to well below 

2oC (IRENA, 2019b). 
25 These are the latest numbers from 2018. In 2016, the share amounted to around 24%. 
26 In the Reference Case, the transition is not nearly enough to meet the goals of the Paris agreement which makes 

the case fitting for the LD scenario. The scenario projects a global warming pathway to over 2.6°C (IRENA, 

2019a). 
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The 2019 Report: The Production Gap will be used as a basis (SEI, IISD, ODI, Climate Analytics, 

CICERO & UNEP, 2019). The report models production pathways consistent with 1.5°C and 2°C global 

warming that can be used for the Ambitious Transition scenario. A scenario consistent with the current 

policies and policy pledges is also described. As of today, fossil fuel production lies at roughly 90 mil-

lion barrels oil per day, 8 gigatons coal per year and 4,100 billion cubic meter gas per year. The differ-

ences in yearly production until 2030 for the three scenarios will be modelled as a linear change (see 

Table 3).  

Business as Usual 

No reduced fossil fuel production can be seen in the Business as Usual scenario. Some coun-

tries are currently starting to phase out coal, but others begin new exploration projects (IRENA, 

2019a). Investments in fossil fuel infrastructure increase the production of fossil fuel. Accord-

ing to SEI et al. (2019), oil production will increase to 110 barrels per day in 2030. Coal pro-

duction increases to 8.5 Gt per year in 2030 and 5,000 bcm gas per year are tapped in 2030. 

Production increases mostly because of an overall increase in energy consumption (IRENA, 

2019a). 

Limited Decarbonization 

In the Limited Decarbonization scenario, the tentative efforts to reduce emissions result in a 

small reduction of fossil fuel production compared to the BAU scenario. However, trends are 

not necessarily “broken.” Oil production stays at the level of 2020, at 90 million barrels per 

day. Coal production decreases to 7.5 Gt per year, but at the same time gas production in-

creases to 4,500 bcm per year. This can be explained with the role of gas as “transition fuel” 

and substitute for coal. Even though recent studies have shown that gas might not be able to 

play such a bridging role, investments into liquified natural gas infrastructure have been boom-

ing during the last years (SEI, IISD, ODI, Climate Analytics, CICERO & UNEP, 2019). This 

scenario accounts for that.  

Ambitious Transition 

In reality, very high production reductions are necessary to achieve the 1.5°C goal, according 

to SEI et al. (2019). The oil production decreases by around one third in the Ambitious Tran-

sition scenario to 65 million barrels per day by 2030 (SEI, IISD, ODI, Climate Analytics, 

CICERO & UNEP, 2019).27 Coal is the fuel that needs to be reduced the fastest. Only 2 Gt 

coal per year are projected for 2030. The production of natural gas drops to 2,800 bcm per 

year. This means an extreme reduction in the total production and use of fossil fuels. Without 

this reduction, the remaining total carbon budget projected by the IPCC would be used up soon, 

making it highly unlikely to stay below 1.5°C global warming (IPCC, 2018b). 

Table 3. Change in fossil fuel production as projected by SEI et al. (2019) 

Scenario Business as Usual Limited Decarboniza-

tion 

Ambitious Transition 

Oil production by 2030 

Change rate 

110 million bbs/d 

+ 2.03 % p.a. 

90 million bbs/d 

0.0% p.a. 

65 million bbs/d 

- 3.2% p.a. 

Coal production by 2030 

Change rate 

8.5 Gt/y 

+ 0.61% p.a. 

7.5 Gt/y 

- 0.65% p.a. 

2.0 Gt/y 

- 12.95% p.a. 

Gas production by 2030 

Change rate 

5000 bcm/y 

+ 2.01% p.a. 

4500 bcm/y 

+ 0.95% p.a. 

2800 bcm/y 

- 3.75% p.a. 

This scenario framework models production pathways and assumes that a new supply and demand equi-

librium is found at the production capacity described in the scenarios. This assumption allows for look-

ing at production pathways, instead of looking at a change in fossil fuel prices.  

                                                      
27 This is quite consistent with other “below 2°C” scenarios such as the REmap pathway which models a demand 

reduction to 60 million barrels per day (IRENA, 2019b).  
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3.1.2.3.2.3. Other Possible Input Parameters 

In this section, several other possible input parameters for market and technology risks are discussed. 

The increased demand for energy-efficient, lower-carbon products and services could have been mod-

elled with a lower price for low-carbon technologies. Technological shifts that disrupt the market, for 

example the deployment of carbon capture and storage (CCS), could be another input parameter. Most 

1.5°C scenarios include some forms of CCS. However, it is unsure in which form CCS will be used and 

how effective it will and can be (PRI, 2020b). Currently, no technology is known to be effective and 

scalable enough. Therefore, CCS development was not chosen as a parameter for this framework. It will 

be playing a big role past 2050 and should definitely be a part of longer-term scenarios (PRI, 2020b).  

Lastly, land-use changes could be modelled in transition risk scenarios (PRI, 2020b). However, affor-

estation and reforestation are impossible to approximate on a global scale. Uncertainty about the rate 

that is needed to reach certain climate targets makes the incorporation into the framework difficult. 

Because land-use change is mostly a domestic action, it is important to know exactly where assets are 

located to be able to determine financial impacts. As of today, the data quality is not good enough on a 

global scale which is why land-use changes were not modelled.  

3.2. Transition-Adjusted Discounted Cash Flow Model (TA-DCF) 

3.2.1. Model Overview 

After the scenario construction, the transition scenarios need to be translated into financial impacts. For 

this purpose, the Transition-Adjusted Discounted Cash Flow (TA-DCF) model is developed to measure 

the financial impacts on listed equity portfolios. Figure 4 shows the complete transition risk assessment. 

The approach combines a top-down scenario modelling with a bottom-up impact modelling. The output 

of the model is a projection of equity return impacts, aggregated on portfolio level. The model has a sole 

focus on listed equities because equity holdings data is the most extensive when compared to bonds and 

loans. 

It is important to remember that this framework constitutes a scenario analysis, not a stress test. The 

result of the model will not be an assessment of a portfolio’s absolute transition risk because no proba-

bility weighting is given to each scenario. However, it will show the company’s risks under certain 

circumstances in the different scenarios (Röttmer, et al., 2018). 

 

Fig. 4. Schematic illustration of the transition risk framework TA-DCF 
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This framework has a sole focus on transition risks. In comparison to physical risks, they have been 

quantified less often in academic literature and by practitioners (Clapp, et al., 2017; UNEP FI, 2019). 

The interdependency of transition and physical risks should not be forgotten but the chosen scenario 

horizon allows for separate modelling of those two risk categories. Until 2030, the physical risk is quite 

similar across all scenarios (Clapp, et al., 2017). Physical risks start becoming more dependent on policy 

and market changes around mid-century or later (ibid).  

Physical risks can be integrated into the DCF model easily at a later stage, as indicated in Figure 4. 

According to UNEP FI (2019, p. 13), considering both risk categories together can give valuable insights 

into their interactions and therefore a more comprehensive and consistent risk assessment. Due to the 

scope and temporal limitations of this thesis, it was decided to focus on only one risk category to be able 

to model it to the best of possibilities.  

3.2.2. How to Build the TA-DCF Model 

The Transition-Adjusted DCF uses what Hayne et al. (2019) define as a bottom-up approach. First, the 

transition impact on profits is determined at the individual company level. In a second step, a simple 

Discounted Cash Flow (DCF) model is used to estimate the net present value (NPV) of these profit 

changes. In the third step, financial impacts are aggregated on the portfolio level. 

3.2.2.1. Determining Future Transition-Related Cash Flows  

For each security in a portfolio, the impacts on profits have to be determined. The transition scenarios 

are analyzed to determine the change in assumptions about revenues, costs, prices and volumes on com-

pany level (see section 3.2.5. Modelling Financial Impacts). With this translation of the scenarios into 

financial metrics, transition-related cash flows can be determined. A calculation of annual profit losses 

and additional profits from 2020 to 2025 and 2030 is made for every scenario and every company in the 

portfolio. A full balance sheet and P&L analysis is not conducted. The objective of this framework is to 

calculate return impacts on the portfolio level. Therefore, the calculation of transition-related cash flows 

is sufficient and there is no need for a complete company valuation.  

3.2.2.2. Discounting Transition-Related Cash Flows 

The modelled future cash flows are then discounted to their net present value. Discounted cash flow 

analysis (DCF) is a financial valuation model that is often used to calculate the value of a firm or asset 

based on its earning potential. The earning potential is estimated by forecasting the firm’s future cash 

flows and discounting them to the current value (Massari, et al., 2016). In this case, only transition-

related cash flows are forecasted and discounted. The choice of discount rate has a significant impact 

on the present value (Bachner, et al., 2019). Usually, the weighted average cost of capital (WACC) is 

used as the discount rate for companies (Knight, et al., 2017).  

According to UNEP FI (2019, p. 49), “climate-related risks and opportunities may lead to structural 

shifts in WACCs” but current models are not taking those changes in the cost of capital into account. 

Adjusting the cost of capital to transition risks could be a future improvement of the TA-DCF; however, 

it was beyond the scope of this thesis to attempt such an adjustment.28 In the TA-DCF model, a future 

cash flow CF is discounted to its present value with the following formula,  

𝐷𝐶𝐹𝑇𝑟𝑎𝑛𝑠𝑖𝑡𝑖𝑜𝑛 =
𝐶𝐹𝑡

(1−𝑊𝐴𝐶𝐶)𝑡      (1) 

where the WACC denominates the discount rate and t the time period.  

                                                      
28 A higher return could be demanded of companies that are unprepared. Either the cost of equity or debt could be 

adjusted, or a climate adjustment factor could be added to incorporate climate risks and opportunities into the 

WACC (Knight, et al., 2017). 
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The sum of all discounted cash flows over the modelling period (five or ten years) derives the net present 

value NPV at risk for every company.29 

𝑁𝑃𝑉𝑇𝑟𝑎𝑛𝑠𝑖𝑡𝑖𝑜𝑛 =  ∑
𝐶𝐹𝑡

(1−𝑊𝐴𝐶𝐶)𝑡
10
𝑡=1       (2) 

3.2.2.3. Aggregating the Results on Portfolio Level 

The financial impact is calculated as the net present value of changes in profits for every company. 

Subsequently, those impacts need to be aggregated on the portfolio level in order to derive the portfolio 

return impact. An equity portfolio is a number of investments in securities on the stock market owned 

by an institution or investor (Law, 2018). How much is invested in each security is described by its 

weight in the portfolio. The total NPV change for the portfolio is calculated as the weighted sum of all 

profit changes for all securities in the portfolio, 

𝑁𝑃𝑉𝑡𝑜𝑡𝑎𝑙 =  ∑ 𝑁𝑃𝑉𝑖 ∗ 𝑤𝑖
𝑁 
𝑖=1       (3) 

where i is a specific security, w is the investment weight of the security in the portfolio (in percent), and 

N is the total number of securities. The total impact on the portfolio is then compared to the current 

market valuation of the portfolio. The total market value of the portfolio is calculated using the weighted 

market capitalization mcap of every company i. 

𝑃𝑜𝑟𝑡𝑓𝑜𝑙𝑖𝑜 𝑖𝑚𝑝𝑎𝑐𝑡 =  
𝑁𝑃𝑉𝑡𝑜𝑡𝑎𝑙

∑ 𝑚𝑐𝑎𝑝𝑖∗𝑤𝑖
𝑁
𝑖=1

     (4) 

The result describes the expected losses or gains compared to the total portfolio value. It provides an 

estimated magnitude of value impact. This percentage (the impact size) can be compared across scenar-

ios.  

3.2.3. Advantages of the TA-DCF Model 

Discounted cash flow models are commonly used by both practitioners and academia (Knight, et al., 

2017; Massari, et al., 2016). According to the 2o Investing Initiative, cash flow-based approaches are 

among the most common tools to assess transition risks (Thomä, et al., 2017b). The developed model 

can be used in interactions with investors and have a real impact on investment decisions. Combining 

the DCF with a scenario analysis is an ideal way to explore highly uncertain transition risks (Clapp, et 

al., 2017). While a number of simplifying assumptions is inevitable, the TA-DCF can quantify impacts 

for all listed companies, depending on data availability. The impact of different transition pathways can 

be easily assessed for investment portfolios. The results are intuitive and comparable. The use of a DCF 

also allows for simple expansion of the model to cover new assumptions and integrate physical risks at 

a later stage. Input parameters can be changed easily. This makes the model a “plug and play” tool. 

Without a problem, certain parts of the model, e.g. the global carbon tax, can be left out if deemed not 

useful for the analysis.  

3.2.4. Data 

In the past two decades, the sustainability information market has grown fast and the sustainability re-

porting of companies has improved greatly (Gianfrate, 2020). However, comprehensive, good quality 

sustainability data is still scarce, a problem that is emphasized in most academic studies (Fang, et al., 

2019; Thomä, et al., 2018). The coverage and quality of data are natural restrictions on the ambition of 

this thesis. The major data sources used for this framework are listed below.  

1) Fundamental company data: S&P CapitalIQ, Bloomberg 

2) Company sustainability data: Refinitiv, SEB’s proprietary models30; Bloomberg 

                                                      
29 Please note that in this thesis, the term “present value at risk” does not denote a typical Value at Risk (VaR) 

calculation using e.g. a Monte-Carlo simulation (Massari, et al., 2016). For the purpose of this study, value at risk 

is defined as the financial loss that can arise over a certain period of time, in a certain situation. No probability is 

assigned.  
30 SEB’s proprietary estimation models are used if a company does not report a certain sustainability metric. 
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3) Market index: Bloomberg 

4) Transition capacity data: Science Based Target initiative, Transition Pathway Initiative 

An extensive list can be found in Appendix A: Data Sources. The data used in this thesis is provided 

by SEB Solutions. All data is processed in R. Both the financial and sustainability data is based on 

annual reports and is therefore regarding company operations in 2018 and 2019. All index data was 

retrieved before March 1, 2020 which means that the analysis is not impacted by the COVID-19 crisis 

and subsequent stock market crashes. 

3.2.5. Modelling Financial Impacts 

After the design of the transition scenarios follows the actual application to model financial impacts. 

The three input parameters, a global carbon tax, a change in fossil fuel demand and an increase in re-

newable energy production, can either create or destroy company value. The TCFD (2017b, p. 8 ff.) 

describes four major impact categories: changes in revenue, expenditures, assets and liabilities, or cap-

ital and financing.  

The impact of macro variables on individual companies can be modelled in different ways (Thomä, et 

al., 2017b). A fair share approach allocates the impact on sector level across all companies based on 

market share (Brunke, et al., 2018). A cost approach uses sector level variables (e.g. demand and price) 

as constraints that interact with the production costs of the individual company. A bottom-up analysis 

focuses on the direct impact of macro-variables on the company through company-specific parameters 

(Thomä, et al., 2017b). The TA-DCF applies a perpetuity assumption (after Brunke et al., 2018). It is 

assumed that companies will not be delisted, bought or cease operations during the modelling period.  

3.2.5.1. Impact of a Global Carbon Tax 

The impact of the global carbon tax will be modelled company-specific, using a bottom-up approach. A 

direct carbon cost is imposed on all companies. The carbon tax is used as a proxy for all regulatory risks. 

The more carbon-intensive the company operates, the higher the regulatory risks. For each company, 

the additional cost per year will be determined by using their CO2 emissions e and the carbon tax T. The 

cost of carbon c for year t is calculated as follows: 

𝑐𝑡 =  𝑒 ∗ 𝑇𝑡       (5) 

To model this impact, it is assumed that the company’s emissions will remain constant over the model-

ling period. The second assumption is that the companies will not pass on the cost along the value chain 

or to the end-client.31 Around 20% of the global GHG emissions are covered by a carbon price already 

(World Bank, 2019). This means that many companies, such as European companies under the EU 

Emission Trading System, are already part of a carbon pricing regime. Using the carbon tax as a proxy 

for all future regulatory risks, it is assumed that they “pay double”. The outcome is an additional cost, 

resulting in a negative cash flow, for the company for every year of the modelling period. The model 

assumes a carbon tax that is similar across sectors. 

In this model, a firm’s scope 1 and scope 2 CO2 emissions are used to determine the amount of the tax. 

The Greenhouse Gas Protocol Standard, a standard for corporate GHG accounting that exists since 2001, 

classifies company emissions into three different scopes (GHG Protocol, 2020).32 Scope 1 emissions are 

the direct emissions that come from the company’s owned or controlled sources. Scope 2 emissions 

comprise of the indirect emissions that are generated when purchasing energy to operate the company. 

Scope 3 emissions are all other indirect emissions from the value chain of the company, both up- and 

downstream (ibid). Most large companies report scope 1 and 2 emissions nowadays (100% Climate 

Disclosure, 2018). Scope 3 data is more difficult to obtain for many companies. Besides, the quality of 

scope 3 data can be questionable. Therefore, only scope 1 and 2 emissions were used in the TA-DCF.  

                                                      
31 This assumption might produce misleading results. The relationship between emissions and profits is not as 

straightforward as assumed in this model.  
32 Other GHG emissions standards include ISO 14064 (ISO, 2018). 
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A carbon tax could apply to (1) only the direct emissions of a company or (2) also include the emissions 

produced by their energy usage or in their supply chain. A report from the University of Columbia 

discusses carbon taxing options and describes that carbon can be taxed upstream, midstream or down-

stream (Bordorff & Larsen, 2018). Upstream means at the point of fuel production (e.g. oil well, coal 

mines). The downstream approach taxes CO2 emissions at the point where they are emitted into the 

atmosphere. Midstream taxes at points in between production and emission. Bordorff and Larsen (2018) 

conclude that downstream or hybrid approaches are used by the largest carbon pricing programs in the 

world. This risk model uses such a hybrid approach and uses carbon emissions scope 1 and 2 to calculate 

the carbon tax. The reason is that companies that do not have a very CO2-intensive but energy-intensive 

production will still be impacted by a higher carbon price and climate change regulation in general. 

Therefore, this model taxes carbon emissions both down- and midstream. One challenge when taking 

scope 1 and 2 into account is double-counting, where two companies are paying for the same emissions.  

3.2.5.2. Impacts of Changing Renewable Share in Power Generation 

To model the financial impacts of a change in the power generation mix, a fair share approach is used. 

This means that the impact is allocated across all companies in the market. The increasing share of 

renewables in power generation is modelled as a relative market growth of renewables. Simultaneously, 

the market share of fossil fuel power generation decreases. Only the direct impact on the Utilities sector, 

more specifically on the power generation, is modelled in this framework.  

The first step is to define renewable power generation industries and fossil fuel power generation indus-

tries. The definitions of the IPCC in the Fifth Assessment Report are used. Renewable energy (RE) is 

defined to include bioenergy, direct solar energy, geothermal energy, hydropower, ocean energy, and 

wind energy (Bruckner, et al., 2014). Fossil fuels are coal, oil and natural gas.33 Nuclear power genera-

tion is neither part of RE or fossil fuels. The definitions are translated to the North American Industry 

Classification System (NAICS) which is used as the classification system in the TA-DCF (see Table 

4).34 

Table 4. Green and brown industries in NAICS 

NAICS Code NAICS Industry Name Green or brown 

22 Utilities -35 

22111 Electric Power Generation  - 

221111 Hydroelectric Power Generation  Green 

221112 Fossil Fuel Electric Power Generation  Brown 

221113 Nuclear Electric Power Generation  -36 

221114 Solar Electric Power Generation  Green 

221115 Wind Energy Generation Green 

221116 Geothermal Electric Power Generation  Green 

221117 Biomass Electric Power Generation  Green 

221118 Other Electric Power Generation  Green 

Thereafter, the effect on renewables (“green”) and fossil fuel (“brown”) power generation companies is 

modelled. A Market approach is used where companies are expected to grow in line with changes in 

                                                      
33 Oil and gas can be further differentiated in conventional and unconventional oil and gas. 
34 The North American Industry Classification System (NAICS) is the standard used by US Federal statistical 

agencies for classifying business activities (US Census, 2020). It was introduced in 1997. 
35 NAICS has five different levels. Only on the most granular level, fossil fuels and RE power generation are 

differentiated. On the sector level (22 Utilities), this differentiation is not possible.  
36 Nuclear Electric Power is a low-carbon energy source (Bruckner, et al., 2014). It should not be classified as 

“brown”. However, it is not part of the RE definition of the IPCC. This model assumes that the share of nuclear 

power generation remains constant over the next 10 years.  
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the market.37 This means the positive or negative shock on the Utilities sector is distributed across all 

companies (fair share). 

The percentual increase in the market share of renewable power is assumed to impact the turnover of 

the company. The revenue grows at the same rate as the overall market. If the market share rises with 

2% p.a., the revenues of renewable companies grow with 2% over the same period.38 The additional 

revenue Ra that is gained every year t is a function of the growth rate. The revenue that the company 

obtained in the last year from renewables R increases with growth rate g.  

𝑅𝑎,𝑡 = 𝑅𝑡−1 ∗ 𝑔       (6) 

With increasing revenue, the costs of the company increase as well. Because the model is interested in 

the change in cash flows, the additional profit is modelled with the help of the company’s gross margin 

GM which is assumed to be constant during the modelling period.39 Gross margin, also called gross 

profit margin, is defined as company revenue R minus its cost of goods sold (COGS).  

𝐺𝑀 =
𝑅−𝐶𝑂𝐺𝑆

𝑅
∗ 100%      (7) 

Hence, the model takes the profitability of the company into account. The additional profit Pa of a com-

pany can be derived as  

𝑃𝑎,𝑡 = 𝑅𝑎,𝑡 ∗ 𝐺𝑀      (8) 

Fossil fuels power producers lose a part of their market share. The loss of profit is modelled similarly to 

the gain of the renewables industry. The fair share approach was chosen because bottom-up assessments 

of each individual company were deemed too complex and, therefore, not feasible. One challenge with 

the chosen approach is the ignorance of individual company characteristics that determine company 

performance in reality.  

Non-direct impacts on other sectors will not be modelled because it is assumed that the electricity price40 

will stay constant. For the Energy sector, the reduced demand from fossil-fuel power generation com-

panies will be modelled in the third input variable below. No assumptions regarding the total electricity 

demand or production are needed as only the relative change in the power mix is modelled. Instead, it 

is assumed that the power generation mix will change at the same rate in every country. Geographic 

differences are not taken into consideration, the scenario applies at a global scale. Furthermore, it is 

assumed that there are no new entrants to the market. The analysis is limited to companies already 

generating revenue from renewable energy production today. This ensures the comparability between 

the companies. The last assumption is that the increasing market share has no implications for the rest 

of the Utilities sector, such as energy transmission and storage companies. This cannot be modelled due 

to data constraints, e.g. the fact that there is no global data available on which type of electricity is stored 

in which location.  

3.2.5.3. Impacts of Fossil Fuel Production Changes 

The change in fossil fuel production and demand is a cross-sector risk driver (2 Degree Investing 

Initiative & The CO Firm, 2017). This scenario variable has an impact on a number of different sectors 

that are dependent on fossil fuel-based energy generation. First and foremost, the Energy sector is im-

pacted directly by the production change. Then, because of changing supply, other fossil fuel-reliant 

sectors, for example transportation, materials and manufacturing, are impacted. According to Covington 

(2017), a steady decrease in fossil fuel production might shift the economic balance of countries and 

change companies’ business models in several industries. The profitability of energy-intensive 

                                                      
37 Fair share assumptions are also used in the PACTA tool (2 Degree Investing Initiative, 2016) and by Brunke et 

al. (2018).  
38 Other characteristics of a company (e.g. market capitalization) are not considered in such an approach. Only the 

size of the revenues (here a proxy for firm size) and the gross margin are important for the outcome.  
39 The current gross margin (12 months trailing) is used in the model. If the GM for the company is not available 

on Bloomberg, an industry average is used that was calculated using a global equity index.  
40 The cost of renewable energy is continuously decreasing (IRENA, 2019a).  
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industries such as steel, chemicals, cement, and transport will decrease if they do not change their busi-

ness models or their technologies (ibid). In this model, only the change in fossil fuel production is mod-

elled and no price assumptions regarding different fuels are made. The change in production will be 

modelled for industries in the energy and transportation sector.41 A fair share Market approach as de-

scribed in 3.2.5.2. Impacts of Changing Renewable Share in Power Generation is used here.  

Energy  

As mentioned above, the Energy sector experiences a direct impact. Several studies project that a lower 

supply of fossil fuels implies lower prices (Covington, 2017; Lewis, 2014; Spedding, et al., 2013). If 

companies are selling lower volumes at lower prices, they are losing revenue (Lewis, 2014). This is 

called the price effect. Falling prices put increasing pressure on margins and projects with high break-

even costs (CTI, 2013). According to IRENA (2017), studies estimate that the financial impacts could 

be as large as a 40-60% value loss for oil equities. 

Companies that engage in fossil fuel extraction and processing are also at risk of asset devaluation, also 

called “asset stranding” (SEI, IISD, ODI, Climate Analytics, CICERO & UNEP, 2019). Stranded assets, 

as defined by the Smith School of Enterprise and Environment, are “assets that have suffered from 

unanticipated or premature write-downs, devaluations, or conversion to liabilities” (Caldecott, 2017). In 

this thesis, the definition is limited to fossil fuel reserves owned by energy companies. Around 33% of 

global oil reserves, 82% of global coal reserves and 49% of global gas reserves need to become stranded 

assets to meet the carbon budget constraints in a 2°C scenario (McGlade & Ekins, 2015). Future projects 

could be cancelled or deferred due to a lack of demand. They become “unburnable reserves” (Spedding, 

et al., 2013). Comparing price effect and asset stranding, Spedding et al. (2013) note that the value loss 

due to lower oil and gas prices should be significantly higher than the loss of value from future projects 

that become unprofitable.  

The exposure to the price and asset stranding risks depends on the competitiveness of the company and 

industry and is highly variable (Fang, et al., 2019). The least competitive companies – read high-cost 

producers – will face the highest risks (Lewis, 2014). In turn, this depends on a firm’s production mix 

and costs, investment horizon, and reserves. The literature generally agrees on the fact that capital in-

tensive, high-cost projects (e.g. oil sands and heavy oil) and carbon-intensive reserves face the greatest 

losses (Curtin, et al., 2019; Spedding, et al., 2013). 

The following paragraphs describe the modelling of the production change. First, business lines in the 

NAICS classification system are defined as “oil”, “gas” or “coal”. These definitions come with a chal-

lenge because NAICS is not good at the distinction between oil and gas production.42 Extraction, refine-

ment, distribution (e.g. pipelines) and retail are included in the modelling (see Appendix B: Classifica-

tion of Fossil Fuel Sub-Industries in NAICS System). The company-specific risk is modelled in the 

second step.  

Fang et al. (2019) calculate stranded assets with a net asset value approach. They determine the change 

in expected equity returns depending on reserves. The Carbon Tracker Initiative employs a “wasted 

capital” approach where they calculate the value spent on exploration and development of reserves that 

companies cannot tap into in the future (CTI, 2013). They recommend looking into the return on invested 

capital (ROIC) to expose future weaknesses of a company. Spedding et al. (2013) take the cost margin 

and current production of the company to determine revenue losses. They also calculate the value of 

“reserves at risk” and add that to the loss. The PACTA tool is currently developing a least cost approach 

which models the production costs of individual companies dependent on the cost structure of the com-

pany, constrained by sector-level variables such as price and demand (2 Degree Investing Initiative, 

2016). In summary, different approaches take the production costs, the production horizons or reserves, 

the profitability of the firm, or their capital structure into account.  

                                                      
41 The impacts on the Utilities sector have already been modelled for the second input parameter above. Fossil fuel 

power generation companies are losing a part of their market share and their profits, depending on the scenario. 
42 The lowest NAICS-level for oil and gas subindustries is 211111, Crude Petroleum and Natural Gas Extraction.  
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In this model, the gross margin will be utilized to model a change in profits. This pictures the company’s 

current position on the market. Companies with the lowest gross margin today will most likely lose the 

most. Depending on revenue R from a segment stream, the profit P that will be lost or gained over the 

next five and ten years is derived, with the assumption that the gross margin GM stays constant. The 

profit change Pa for year t+1 can be calculated with the help of the production change c and the total 

profit P from the year before. 

𝑃𝑎,𝑡+1 = 𝑃𝑡 − (𝑅𝑡 𝑥 𝑐 𝑥 𝐺𝑀)      (9) 

The profit change is calculated for the different fossil fuels, coal, oil and gas. If it cannot be determined 

if a segment is extracting oil or gas, the total production of the company is used to determine the change 

in profit. The total gas production (in MMcf/d) is translated to BOE (barrel of oil equivalent) to derive 

the percentage of total production that is oil.43 The percentage is used to calculate the revenue attributed 

to oil extraction and the revenue attributed to gas extraction. This division of a revenue stream into oil 

and gas is very simple. 

Modelling the production change with the help of the current revenue of a company assumes implicitly 

that the company will get the same amount of revenue for every barrel they produce. This oversimpli-

fying assumption was made because this framework does not model the development of fossil fuel 

prices.44 

Additionally, another profit loss is calculated for the oil industry in the Ambitious Transition scenario. 

The expected value of undeveloped reserves is added to the total profit loss in the ten-year AT scenario 

because it is assumed that undeveloped oil reserves remain untapped in a very fast energy transition. 

This means that they become stranded assets and the company loses future cash flows. The value of 

undeveloped reserves Vundeveloped is determined by the amount of oil O in the reserve (in BOE) and the 

current revenue RBOE that the company earns per BOE as well as the company’s gross margin.  

𝑉𝑢𝑛𝑑𝑒𝑣𝑒𝑙𝑜𝑝𝑒𝑑 = 𝑂 ∗ 𝑅𝐵𝑂𝐸 ∗ 𝐺𝑀     (10)  

The data for global developed and undeveloped oil reserves of a company is available on Bloomberg.45 

Where reserve data is not available, it is assumed that the company has slim to none undeveloped re-

serves. This kind of data is so company-specific that it was not attempted to estimate unreported reserves. 

Transportation 

In the transition scenarios, the electrification of the transport sector is modelled. Less fossil fuel is pro-

duced, and the transportation sector starts to use more alternative fuels. It is assumed that electric vehi-

cles will be price-competitive with fossil fuel vehicles in the early 2020s (Covington, 2017). The elec-

trification happens at different speeds but is determined by the change in production of fossil fuels, 

especially crude petroleum (oil). The modelling is limited to light passenger duty vehicles because of 

data availability.  

One challenge to a more granular modelling approach is the used industry classification system. The 

North American Industry Classification System, an older and production focused classification standard, 

does not distinguish between the manufacturing of electric vehicles (EV), plug-in hybrid electric vehi-

cles (PHEV) and internal combustion engine vehicles (ICE). Regardless of whether a company produces 

EVs or ICEs, its product segment will be classified in the same NAICS codes.46 This means that there 

is no information available on how much revenue a car producer gains from EVs and from ICE vehicles. 

Instead, the TA-DCF uses two publicly available data sources to build an own dataset for the World’s 

50 biggest car producers. It is assumed that smaller car producers are not producing EV or PHEV, as 

                                                      
43 5800 cubic feet of natural gas (Mcf) contain the energy equivalent of one barrel of oil (BOE).  
44 The recent COVID-19 crisis and the oil price war show how hard and uncertain forecasting fossil fuel prices 

can be (Bloomberg, 2020). 
45 Unfortunately, data for coal reserves could not be obtained. 
46 The following NAICS codes are used to determine car manufacturers: 3361 (Motor Vehicle Manufacturing) and 

the underlying sub-industries 33611, 336111 and 336112. 
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there is no data available for them. The total amount of produced cars in 2017 is derived from the Inter-

national Organization of Motor Vehicle Manufacturers (OICA, 2018). The number of produced electric 

cars for 2017 is an approximation from the International Council on Clean Transportation (ICCT) 

(Lutsey, et al., 2018). From those two data points, the ratio r of electric vehicles to total produced vehi-

cles is calculated for every producer. This ratio determines how much to the total revenue from the car 

production RCars can be attributed to the EV production (REV). The amount of revenue from non-electric 

cars is derived from a similar calculation.  

𝑅𝐸𝑉 = 𝑅𝐶𝑎𝑟𝑠 ∗ 𝑟      (11) 

According to IRENA (2019a), rising fossil fuel prices might affect the production of EVs and consumer 

decision-making positively and directly. However, the PRI Inevitable Policy Response determines the 

opposite causality and argues that the use of alternative fuels in the transport industry is the key driver 

for the fall in total fossil fuel demand and production (PRI, 2020b). Whatever the causality, the concept 

of a direct linkage between oil production and car production is used in this thesis. The oil production 

decrease is translated directly into a supply decrease in fossil fuels for the transport sector. The produc-

tion change of fossil fuels is therefore projected 1:1 onto the transport sector. If the oil production de-

creases by 1%, the production of EV increases by 1%. Similarly, the production of ICE vehicles de-

creases by 1%. Additional profits from increased EV production and profit losses from decreased ICE 

vehicle production are only modelled in the Ambitious Transition scenario, as the oil production does 

not decrease over the next ten years in the two other scenarios. The company-specific gross margin and 

the derived revenue from vehicle manufacturing RV are used to model the additional profits and profit 

losses Pa (modified formula from Energy).  

𝑃𝑎,𝑡+1 =  𝑃𝑡 − (𝐺𝑀 𝑥 𝑅𝑉,𝑡  𝑥 𝑐)      (12) 

3.2.6. Transition Capacity 

3.2.6.1. Definition 

To this point, the TA-DCF model is solely based on different types of transition risks. Profit gains and 

losses are estimated by looking at current company data. This allows for the identification of some 

winners. Those are companies that already today contribute to the transition through low carbon activi-

ties such as renewable energy generation and that will generate additional profits in the future. However, 

the model should also account for companies that are adapting to the changing requirements of transi-

tioning economies in the future. By only looking at the current state of the company, the risk framework 

would miss a fundamental explanatory factor.  

One example of such an adaptation could be a company in the Utilities sector that currently obtains a 

small amount of its total revenue from a renewable energy business. A much larger part comes from 

coal power generation. The company is exposed to high transition risks, being heavily affected by the 

global carbon tax and the decreasing share of fossil fuels in the power generation mix. Over time, the 

company closes all its coal-fired power plants and invests heavily in its renewable business line. It tran-

sitions to become a low-carbon company and therefore, its transition risks decrease substantially. 

The capacity of this company to evaluate its transition risks and execute the change of its business model 

in order to manage those risks will be called “transition capacity” (TC) for the remainder of this thesis. 

Sometimes, this is also referred to as “adaptive capacity” (TCFD, 2017b; Thomä, et al., 2017a). In the 

context of resilience and systems thinking, adaptive capacity is defined as the potential to adjust to a 

certain stimulus (Smit, et al., 2000). Adaptations can be reactive or anticipatory, based on their timing 

(ibid). Because the term adaptive capacity is regularly used in other scientific fields (e.g. climate change 

adaptation research), the term “transition capacity” was coined instead to avoid misunderstandings. This 

capacity describes the company’s capability to adapt to new trends, regulations and market preferences 

to decrease the risk of profit loss. Companies will transform to hedge against and manage transition risks 

and to seek emerging opportunities. Emerging transformations or strategy changes could be the adoption 

of low-emission energy sources, changes in production processes, the development of new products and 

services, or business segment switches (TCFD, 2017; Thomä, et al., 2017). 
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The forecast of a company’s transition capacity is a central part of this model. Risks and financial im-

pacts change substantially when transition capacity is considered. Furthermore, transition opportunities 

are valued by financial markets. A re-pricing of firms that expand into the production of “green” goods 

and services has been observed by Kruse, Mohnen and Sato (2020). Those insights, together with the 

fact that there does not exist much literature on the adaptability of companies, make the transition ca-

pacity a fairly new and interesting concept to explore from an academic point of view. As Mark Carney 

(2015) said in his famous speech, “The more we invest with foresight, the less we regret in hindsight”.  

3.2.6.2. Modelling Transition Capacity 

The question is, how can the transition capacity of companies be measured? Forward-looking data is 

needed to quantify the possibility of adapting to a low-carbon transition happening in the future. Indi-

cators such as the carbon footprint cannot provide the necessary information on how prepared a company 

is to adapt to a transition. They only give a view of the current situation (Clapp, et al., 2017). Instead, 

transition capacity should reflect the incorporation of transition risks into business strategies. The gov-

ernance, culture and strategy of a firm seem important for the internal capability of the firm to be able 

to adapt to changes (TCFD, 2017b). Indicators can be a company’s R&D expenses to increase innova-

tion and develop new, low-carbon products, an increase in energy efficiency, fuel switches, the devel-

opment of transition plans and the setting of emission reduction targets (Brunke, et al., 2018). TC could 

also be described by the strategic preparedness for transition risks in financial planning, looking at Opex, 

Capex and debt structure.  

On a theoretical level, Thomä et al. (2017b) describe transition capacity (adaptive capacity) as the elas-

ticity of revenue or profit growth to the sectoral growth, 

𝑇𝐶 =  
(1+𝑐𝑜𝑚𝑝𝑎𝑛𝑦 𝑘 𝑔𝑟𝑜𝑤𝑡ℎ)𝑎

(1+𝑠𝑒𝑐𝑡𝑜𝑟 𝑘 𝑔𝑟𝑜𝑤𝑡ℎ)𝑎       (13) 

where a is the profit growth over a defined time period. If the transition capacity is one, the company 

grows exactly like the sector it is located in. According to Thomä et al. (2017b), the transition capacity 

is a function of both external (e.g. sector growth) and internal forces (e.g. capital lock-in).  

In the market, transition capacity is modelled by only a handful of providers.47 Carbon Delta uses a 

“patent-based quantification of green opportunities” (UNEP FI, 2019). The PACTA tool is using the 

reported transition plans of a company to forecast a five-year period (2 Degree Investing Initiative, 2016). 

The Transition Pathway Initiative provides an open-source tool for investors to assess the transition 

capacity of companies (TPI, 2020).  

In this thesis, a new methodology for assessing transition capacity is developed.48 This methodology 

relies partly on the proposed EU Taxonomy for sustainable activities. It is an EU-wide classification 

system that investors and companies can use to define the sustainability of their products and services, 

and to navigate the transition to a sustainable economy (TEG, 2020). The EU Taxonomy is part of the 

EU Action Plan on Financing Sustainable Growth that was published in March 2018 (EC, 2018).  

Currently, the EU Taxonomy is the world-wide only cross-sector classification system for sustainable 

economic activities. Called a “tool for transition” by its authors, the EU Technical Expert Group on 

Sustainable Finance (TEG), the first version of the Taxonomy focusses on climate change mitigation 

and climate change adaptation (TEG, 2020, p. 8). Activities that are defined as sustainable under the 

climate mitigation objective must be able to significantly contribute to the transition to net-zero emis-

sions by 2050. Two distinct types of economic activities are defined. First, there are economic activities 

that “make a substantial contribution based on their own performance” (TEG, 2020, p. 14). Second, 

there are economic activities that enable substantial emission reductions in other sectors (ibid). 

                                                      
47 According to Thomä et al. (2017b, p. 6), existing research has not quantified transition capacity yet. 
48 Some models claim that they already include TC when determining company-specific risks (TCFD, 2017b). 

However, the assumptions of the TA-DCF are too general to be able to claim that the transition capacity is included 

in the risk modelling. Therefore, transition capacity is modelled separately.  
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When defining the transition capacity of companies in the TA-DCF, the EU Taxonomy is operational-

ized. Companies are expected to transition towards net-zero economies. In this thesis, the entire invest-

able universe is divided into four types of companies, as pictured in Figure 5. (1) Low-risk companies 

are not directly affected by the transition.49 They are characterized by engaging in activities that do not 

directly harm the climate but cannot directly contribute to climate change mitigation either.50 Therefore, 

they have low transition risks. An example is a pharmaceutical company with extremely low GHG emis-

sions. TC will not be modelled for those companies. The three other company types are directly affected 

by the transition to a low carbon economy. To this group belong (2) laggards that need to transition but 

are just starting or ignore the transition altogether.51 Their transition risks and GHG emissions are high, 

but those companies might also have a high transition capacity. Furthermore, there are (3) leaders, com-

panies that are already well-positioned for the transitioning economy because they embarked early on 

their transition journey and have already adapted partly. Lastly, (4) low-carbon companies have already 

reached the goal of net-zero emissions as shown in Figure 5. Those companies engage in activities that 

do actively mitigate climate change. An example is solar power production. Just as for the low-risk 

companies, their transition capacity does not need to be modelled because their transition risks are low.  

 

Fig. 5. Transition universe with four different company types 

To determine the TC of a company, the first step is the identification of the company type as explained 

above. Sector and industry affiliation define the transition type of a company. The TEG used air emis-

sion data per sector to determine which sectors need to contribute to a low-carbon transition (type 2-4) 

and which do not (type 1-companies). This approach is utilized in the TA-DCF. Sectors with low emis-

sions, visualized below the dotted line in Figure 6, are low-risk sectors. They are not directly affected 

by and do not affect the transition. Examples for those sectors are Health Care and Education (Eurostat, 

2020). For companies in those sectors, transition capacity is not modelled. 

                                                      
49 In the TA-DCF, low-risk companies are not directly affected by the transition. In reality, no company is exempt 

from the transition trajectory, but this simplifying assumption was taken to be able to model the transition capacity 

in this framework.  
50 Climate risk is not material for those companies.  
51 The term laggards as it is used in this thesis was coined by Flensborg (2019).  
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Fig. 6. Air emissions per NACE sector in the EU (Eurostat, 2020) 

One more distinction must be made. Companies that already are low-carbon (type 4) have no transition 

capacity. They have transitioned completely. Even here, the EU Taxonomy is helpful. Several activities 

are defined as “already low carbon” in the Taxonomy.52 Those activities include e.g. reforestation and 

existing forest management, or electricity production from solar, wind power and ocean energy (TEG, 

2020). When reading this (non-exhaustive) list, one should not forget that every one of those activities 

is linked to a row of technical screening criteria that have to be fulfilled in order to be a low carbon 

activity (ibid). However, the methodological approach is used in the same way here and the following 

industries are declared low-carbon: Forestry (GICS: Forest Products, 15105010), solar power, wind 

power, ocean energy (GICS: 55105020 Renewable Electricity) and permanent sequestration of captured 

CO (no GICS code available).53 Only companies deriving the main share of their revenues from one of 

these industries are classified as low-carbon.  

Having singled out the laggards and the leaders, a method to quantify transition capacity is needed. 

Rather than at the sector level, this should take individual company characteristics into account. The 

following paragraphs will introduce different ideas on how to account for transition capacity. Transition 

capacity could be modelled using the development of new products and services. New low-carbon pa-

tents from the Worldwide Patent Statistical Database (PATSTAT) could be a proxy to show future com-

petitive advantage by intellectual property (UNEP FI, 2019). The amount of “green” R&D expenses or 

“green” capital expenditures is another alternative (Thomä, et al., 2017a). According to the TEG (2020, 

p. 28), “Capex gives investors a very good sense of a company’s direction of travel. It is a key variable 

for assessing the credibility of a company’s strategy”.  

Furthermore, the EBIT margin could be used as a proxy for transition capacity. All else equal, companies 

with a low EBIT margin are exposed to higher transition risks because an increase in costs will likely 

have a larger impact on their profits (UNEP FI & WRI, 2015). Another variable worth considering is 

the current adoption of energy efficiency measures or strategies that include emissions and energy re-

duction targets. Such revealed plans of companies can be used to forecast mid-term transition capacity 

(2 Degree Investing Initiative, 2016).  

                                                      
52 A table detailing all those activities can be found on p. 56 ff. in the final report (TEG, 2020).  
53 This is an own translation of activities from the EU Taxonomy, used for the purpose of this thesis. The GICS 

(Global Industry Classification Standard by MSCI & S&P) system is used to classify the main sector of a company 

in this model. Data is provided by S&P Capital IQ.  
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A company´s product diversity could be taken as a proxy for resilience to shocks. Demand changes can 

be offset better with a diversified product range because the initial investments in different productions 

have already been made (Thomä, et al., 2017a). The price elasticity of a product should be considered 

in this context. If an available substitute exists, the company will not be able to pass costs arising from 

the transition to its customers. Transition capacity depends also on the lifecycle of products or assets 

and capital lock-ins. A company with a high degree of capital lock-in is less likely to transition because 

the capital cannot be mobilized to respond to changing market demands (Thomä, et al., 2017a). Long 

plant and equipment lifecycles and high capital costs might lead a company to mistime investments and 

being exposed to higher transition risks and possible asset stranding.  

Given the temporal constraints of this thesis, the transition capacity model relies on a rather simple 

concept of looking at companies’ climate change strategies. Diametral to all the possibilities listed above, 

the TC of companies is modelled through a qualitative scoring system which is then translated into 

financial impacts. The scoring system builds on data from the Transition Pathway Initiative (TPI) tool, 

an open-source tool54 for investors that was launched in 2017. The TPI tool uses sector- and company-

specific data that is provided by FTSE Russell (TPI, 2020). The provided company information is pub-

licly disclosed information. FTSE Russell is now collecting data on TPI’s indicators for its whole uni-

verse of 4,100 companies. On the TPI website, 337 companies are scored with the tool. The TPI evalu-

ates the transition pathways of companies with a high impact on climate change in two ways. The man-

agement quality is assessed and a score from 0 (lowest quality) to 4 (highest quality) is assigned to 

companies inside their industry group.55 Furthermore, the criterion carbon performance describes the 

current and future emissions pathway of a company.  

Moreover, data from the Science Based Targets initiative (SBT) is incorporated into the scoring model. 

The reason behind this is the small scope of the TPI tool, covering only about 350 companies worldwide. 

Companies can define science-based GHG emission reduction targets with the help of a methodology 

and criteria defined by the SBT initiative. Science based targets are targets in line with “the latest climate 

science”, meaning in line with a limitation of global warming to below 2°C above pre-industrial levels, 

pursuing 1.5°C (Science Based Targets, 2020b). Those targets are submitted by the companies and re-

viewed by the SBT initiative (Science Based Targets, 2020a). As of March 2020, 348 companies had 

set targets, and 493 had committed to and were in the process of setting them. The complete dataset is 

freely available online.  

Both the TPI and SBT describe key performance indicators that are set specifically for future climate 

change mitigation. Companies set themselves targets or change their management strategies to achieve 

1.5°C or well below 2°C global warming. Assuming that they are planning on fulfilling those targets, 

they are on their way to transitioning to a lower-carbon economy. With the help of those two publicly 

available datasets, the leaders are determined in a first step. Leaders are defined as companies with 

current GHG emissions already in line with the 2°C pathway or below as defined by the TPI. This gives 

a very small dataset of 43 companies.   

Thereafter, a binary system is defined for the laggards. Companies in this category either have a high or 

low transition capacity. A high transition capacity is modelled when a company has (a) set SBTs or 

committed to setting SBTs during the last 24 months56 or (b) a TPI Management Quality Score (MQS) 

of 3 or 4. For companies setting SBTs, the model assumes that they will act accordingly to reach those 

targets and are therefore on the transition to low carbon economies. A high TPI MQS means that the 

quality of a company’s transition management is good. Such a firm has integrated the management of 

                                                      
54 According to the TPI website, the tool “is open access, i.e. publicly-available online and free to use” (TPI, 2020). 

A disclaimer must be used and can be found in Appendix D: TPI Disclaimer. 
55 Management quality described the carbon management practices of a company by looking into climate change 

policies, energy reduction targets, short- and long-term emission reduction targets, financial costs of climate 

change risks and more. The indicators are linked to existing initiatives such as the TCFD (TPI, 2020). 
56 According to the Science Based Targets initiative, a company is allowed 24 months after the initial commitment 

to provide SBTs. Therefore, all companies that have committed to the initiative during 2018 and 2019 are included 

as high TC companies. 
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their GHG emissions into operational decision-making (level 3) and might even make strategic risk 

assessments (level 4). A dataset of 536 companies is the result.  

A direct linkage between transition capacity and future cash flows cannot be determined quantitatively. 

Instead, the TC is used as a factor in the TA-DCF. This relies solely on the following assumptions: If a 

type 2 company (laggard) has a high transition capacity, its transition risks are expected to be half as 

high as the transition risks for the entire industry it is situated in (TC = 0.5). A leader (type 3 company) 

is by definition less exposed to transition risks. Because it is assumed that this shows through a lower 

impact of the carbon pricing and possibly through transition opportunities, the transition risks are re-

duced by only a quarter in the model (TC = 0.75).57  

𝑁𝑃𝑉𝑇𝑟𝑎𝑛𝑠𝑖𝑡𝑖𝑜𝑛 =  ∑
𝐶𝐹𝑡

(1−𝑊𝐴𝐶𝐶)𝑡 ∗ 𝑇𝐶10
𝑡=1      (14) 

The net present value at risk of companies with a high transition capacity is reduced because those 

companies are expected to adapt to the transition. Because of their ability to adapt, it is expected that 

they will face lower monetary losses than what their current data leads to believe.   

  

                                                      
57 Transition opportunities (additional profits) are not reduced by the TC factor. 
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4. Results 

4.1. Transition Risks of an Example Company 

This section will demonstrate the risk assessment of an example company step by step to explain the 

transition risk framework in detail. The company chosen as an example was RWE AG. The German 

Utilities company produces and supplies power through both conventional and renewable sources (RWE 

AG, 2019). It operates mainly in Europe and the United States (ibid). The company had a market capi-

talization of USD 23,148.28 million, total revenues of USD 15,350.25 million and a gross margin of 

27.73% in 2018.58 

To calculate the total transition impacts on RWE, the model went through four steps. First, the carbon 

tax implications were determined. RWE’s carbon intensity (scope 1 and 2) amounted to 8,148.8 t 

CO2e/MUSD for 2018. Total GHG emissions (scope 1 and 2) of 125.1 million t CO2e were calculated.59 

In the three carbon tax scenarios, the company had an additional accumulated cost of carbon ranging 

between USD 0 (BAU) and USD 101,149.1 million (Ambitious Transition) over the ten-year period 

2020-2030.  

Secondly, the impacts of the changing renewable energy share were calculated. The company operated 

in both the renewable power generation industry and the fossil fuel power generation in 2018. According 

to the data provider S&P, the company earned revenue from four different business lines as shown in 

Table 5 below.   

Table 5. Revenue breakdown RWE AG as provided by S&P Capital IQ 

Reported business seg-

ment 

NAICS code and industry name Revenues 

Dec-31-2018 

M EUR 

% of total 

revenue 

Lignite & Nuclear 221112 

Fossil Fuel Electric Power Generation 

3,484.0 14.9% 

European Power 221112 

Fossil Fuel Electric Power Generation 

4,694.0 20.0% 

Supply & Trading 221122 

Electric Power Distribution 

13,769.0 58.7% 

Innogy 221115 

Wind Electric Power Generation 

1,510.0 6.4% 

RWE AG derived 34.9% of its total revenue from “brown” activities (Lignite & Nuclear, European 

Power), whereas 6.4% were classified as renewable (Innogy). Supply & Trading, 58.7% of the revenue, 

was determined as neither renewable nor fossil fuel. RWE gained profit from its renewable production 

over the next ten years as the segment grew. Depending on the scenario, this gain added up to between 

USD 311.7 million (BAU) and USD 1,582.3 million (AT) until 2030. On the other hand, the company 

experienced losses from its current fossil fuel electricity production, between USD 302.2 million (BAU) 

and USD 1,054.8 million (AT) in the 2030 scenarios. The third model variable (change in fossil fuel 

production) did not have an impact on the company. The financial impacts in million USD are shown 

in Figure 7. In the Business-as-usual scenario, the impacts are so small, compared to the LD and AT 

scenarios, that they are hardly visible in the graph.  

                                                      
58 All financial data obtained from Bloomberg and S&P Capital IQ. Financial data is always converted to USD to 

ensure comparability across companies and portfolios.  
59 In its Corporate Sustainability Report, RWE reports a total of 125.4 million t CO2e (scope 1&2) (RWE AG, 

2018). The small deviation could be a result of calculations made in the model.  
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Fig. 7. RWE AG profit changes from the model variables 

In a fourth step, the transition capacity of RWE AG was modelled. According to the TPI, RWE’s current 

carbon performance was not aligned with international climate goals. Consequently, the company was 

not classified as a leader. The TPI assessed that the company had a level 3 management quality, meaning 

that RWE was integrating climate risks into operational decision-making (TPI, 2020). Therefore, RWE 

was classified as a laggard with a high transition capacity. Because of its high TC, RWE’s total transition 

risks (as shown in Fig. 7) were divided in half. It was expected that the company will try to manage its 

transition risks and adapt to the transition.  

In total, RWE was predicted to make NPV profit gains of respectively USD 9.75 million in the BAU 

scenario. The company lost USD 12,790.2 million in the LD scenario and USD 50,310.8 million in the 

AT scenario in the period 2020-2030. In the most ambitious transition scenario, the profit losses 

amounted to more than 200% of the company’s current market value. The company analysis, as exem-

plified for RWE AG here, is performed for all companies in a portfolio. 

4.2. Transition Risks of a Global Equity Index 

The TA-DCF framework was applied to a diversified global equity portfolio to answer the research 

question: What are the economic effects of the transition to low-carbon economies on a market portfolio? 

The MSCI All Country World Index (ACWI) was analyzed in the three transition scenarios. The market 

cap-weighted portfolio represented large- and mid-cap stocks across 23 developed and 26 emerging 

markets (MSCI, 2020c). It included over 3,000 constituents across 11 sectors and accounted for around 

85% of the global investable opportunities by market capitalization (ibid). Data on the MSCI ACWI 

constituents was retrieved from Bloomberg on February 28, 2020. Therefore, the following analysis 

concerned the index pre-COVID-19. As of February 28, the market cap of the index was USD 

46,168,675.5 million (MSCI, 2020c).  

4.2.1. Index Level Results 

The TA-DCF framework calculated the net present value (NPV) of profit changes for three different 

transition scenarios and a timeframe of five and ten years. The NPV profit changes were compared to 

the current market value of the portfolio. This provided a relative measure for the magnitude of the 

impact.  

At the index level, the risk exposure differed greatly between the scenarios. The results from all three 

scenarios are illustrated in Figure 8 below. The two Business-as-usual scenarios showed a nearly zero, 

but positive impact (lower than +0.01% in 2025 and around +0.1% in 2030). The impact is so small that 
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it is barely visible in the graph. In the Limited Decarbonization 2030 scenario, -0.35% of the total value 

(USD 164.5 billion) were lost in the transition. A net present value profit loss of -2.95% of portfolio 

market value, or USD 1.36 trillion, was found in the Ambitious Transition 2030 scenario. When the 

timeframe was constricted to 2025, the profit loss was reduced to -0.07% (LD) and -0.74% (AT) of the 

index market value.  

 

Fig. 8. Total portfolio implications (in % portfolio value) in the three transition scenarios 

4.2.2. Detailed Ambitious Transition 2030 Scenario 

The results of the Ambitious Transition 2030 scenario were analyzed in more detail as it was the only 

scenario in which global warming will stay well-below 2°C. In this scenario, profit destruction amounted 

to 2.95% of the total portfolio value.  

Figure 9 shows how the impact was distributed between the different input variables. Costs from the 

carbon tax diminished 1.39% of the total portfolio value. The decrease in fossil fuel production had the 

highest negative impact on the portfolio. It accounted for NPV profit losses of 1.93%. The growth in 

renewable electricity had a small, but overall positive impact, shown in green (-0.07%). It decreased the 

total transition risk of the portfolio. The transition capacity factor also reduced the total risk by -0.3%. 

The sum of the single model variables resulted in the total transition risk of MSCI ACWI in the Ambi-

tious Transition scenario (2.95%, black). The fossil fuel production and the renewable share impacted 

the portfolio both positively and negatively. In Figure 9, their net total impact on the portfolio is shown.  

 

Fig. 9. Transition risk per model factor for MSCI ACWI 

-2.95%

-0.36%

0.01%

-0.74%

-0.07%

0.00%

-3.5% -3.0% -2.5% -2.0% -1.5% -1.0% -0.5% 0.0% 0.5%

Ambitious Transition

Limited Decarbonization

Business as Usual

% of total portfolio value

T
ra

n
si

ti
o

n
 s

ce
n

a
ri

o
s

2025

2030

1.39%

2.95%

1.93% -0.07% -0.30%

0.0%

0.5%

1.0%

1.5%

2.0%

2.5%

3.0%

3.5%

Carbon tax Fossil fuel

production

Renewable share Transition

capacity

Total transition

risk

%
 o

f 
to

ta
l 

p
o
rt

fo
li

o
 v

a
lu

e

Input variables



40 

 

The contribution of different sectors to the total portfolio impact varied highly. The pie chart in Figure 

10 demonstrates that the Energy, Utilities and Materials sectors were responsible for the highest share 

of the profit losses. The Energy sector accounted for 64.7% of the total negative impact on MSCI ACWI. 

Together with Utilities (9.2%) and Materials (8.7%), those three sectors accumulated over 80% of the 

total losses.60 Other sectors such as Health Care or Consumer Staples did not impact the index signifi-

cantly. 

 

Fig. 10. Share of the total portfolio impact distributed on GICS sectors 

The weighted average impact differed greatly between sectors. Figure 11 illustrates that companies in 

the Energy sector lost on average 56% of their current market capitalization. An average Utilities com-

pany lost profits accumulating to around 51% market cap and the average for Materials was 43%. The 

Financials, Health Care, Real Estate and Communication Services sectors were impacted the least by 

the transition. 

 

Fig. 11. Sector average: Percentage of company market value lost 

The within sector variation was significant for some sectors, especially the ones that showed the highest 

average NPV profit losses. Figure 12 depicts company profit loss within each GICS sector. The bars 

show the mean as well as the range of company profit changes from the first to the third quartile for 

                                                      
60 In the Ambitious Transition scenario, the Energy sector lost over 80% of its total value, followed by the Utili-

ties and Materials as the most impacted sectors (-38% and -32% respectively).  
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every sector. The whiskers extend to ± 1.5 interquartile range (IQR). The dots represent outliers in the 

specific sector. The widest spread was detected for Utilities, followed by Industrials and Financials. 

 

Fig. 12. Boxplots of company impacts per GICS sector 

Figure 12 shows clearly that company-individual risk varied significantly. Most companies included in 

the index (85%) were not impacted to a great extent (see Fig. 13). They did not lose or gain more than 

20% of their market cap until 2030. 2310 of a total 2920 analyzed companies did not lose more than 10% 

of their current market value. The graph in Figure 13 zooms into the 15% of the companies that experi-

enced higher impacts to show that the majority was impacted negatively. Around 6.4% of the companies 

in MSCI ACWI experienced significant profit losses due to the transition. They lost more than 90% of 

their current market value during the next ten years. On the other hand, only 0.4% of the companies saw 

total profit gains coming from the transition. One company gained up to 90.5% of its market value in 

additional profits until 2030.  

 

Fig. 13. Transition risk effects on individual companies in MSCI ACWI 
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The 187 companies that were impacted most (in the interval -90% to -100%) were in the following 

sectors: Materials (62 companies), Energy (48), Utilities (44) and Industrials (26). Three Financials 

firms, two Information Technology companies and one company from Health Care and Real Estate each 

were also included in that group. Tests of the regional allocation of the high impact companies showed 

that most were located in Asia (110)61, fewer in the US and Canada (39) and only very few in Europe 

(23). China (38) and the US (29) were the two countries with most high-loss firms. The distribution 

between emerging markets (98) and developed markets (89) was nearly equal. Please note that China is 

an emerging market according to the definition of MSCI that is used in this thesis (MSCI, 2020b). The 

average CO2 intensity of the group was 3,246.9 t CO2/MUSD.62 Their CO2 footprint was thereby on 

average 15.8 times higher than the weighted CO2 intensity of the total portfolio (about 200 t CO2/MUSD 

for MSCI ACWI). 

Looking at the other extreme, seven companies experienced overall positive impacts over +10%. This 

sample was very small. They were all Utilities companies, with the exception of one firm that was clas-

sified as Industrials but obtains parts of its revenues from renewable power generation. All companies 

are engaged in Renewables, mostly wind power, solar power and hydropower. The regional distribution 

was mixed. The group had a non-weighted average CO2 intensity of 324.1 t CO2/MUSD, which was 

significantly higher than the weighted portfolio CO2 intensity of 200 t CO2/MUSD, but 10 times lower 

than the high-risk group.  

The relationship between the CO2 intensity and the total transition risks of a company was then tested 

for the entire portfolio.63 A moderate negative correlation (r = -0.46) was detected.64 Figure 14 shows 

the relationship graphically. The higher the CO2 intensity of the companies (red), the more probable it 

was that they that high profit losses (blue). Looking at other company-specific factors, the size of a 

company (measured in market capitalization) was not correlated with the company’s total transition 

risks (r = 0.05). The gross margin (as a measure for profitability) and transition impacts showed only a 

low positive correlation of r = 0.22.  

 

Fig. 14. Relation of profit change to carbon intensity (sorted from smallest to largest) per company 

In summary, the results section showed the successful analysis of a market portfolio with the TA-DCF 

model. The higher exposure of MSCI ACWI in the Ambitious Transition scenario was further investi-

gated. The results are discussed in the next chapter.   

                                                      
61 Both emerging and developed markets in Asia are counted here.  
62 This is a non-weighted average.  
63 The CO2-intensity (total emissions/total revenues) is used for this analysis because it takes the size of the com-

pany into account and normalizes for it.  
64 Correlation of CO2 intensity and transition risks: r = -0.46; R2 = 0.21, with p < 0.01 (statistically significant). 
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5. Discussion 

5.1. Key Findings 

The TA-DCF framework developed in this thesis determined the net present value (NPV) of profit 

changes from 2020 to 2025 and 2030. Three transition scenarios were analyzed to derive their economic 

effects. The TA-DCF was developed to measure transition risks on the portfolio level. However, the 

first part of chapter 4. Results illustrated that it can be used to analyze a single company and derive 

valuable insights. A more detailed analysis of RWE AG’s results can be found in Appendix C: Com-

pany Analysis RWE AG.  

Modelling the financial impacts of a transition on the MSCI ACWI showed that the research aim, to 

build a transition risk model and translate transition scenarios into financial impacts, was achieved suc-

cessfully. Simultaneously, the analysis led to valuable insights about the scale of transition risks and 

potential implications for investments. The four key findings are explored in the following paragraphs. 

The analyzed market portfolio was retrieved before the COVID-19 crisis and subsequent stock market 

crash.  

(1) The total portfolio impact was limited across all transition scenarios.  

The transition impacts on the total portfolio appeared modest in all scenarios. In the BAU scenarios, 

transition risks are non-existent, neither until 2025 nor until 2030. This can be explained by the fact that 

no carbon tax is modelled in the BAU scenario. Besides, fossil fuel production grows over the next five 

and ten years in this scenario, and renewables experience only a marginal growth compared to the other 

scenarios. Instead of negative impacts, a small additional profit gain for high-carbon sectors, linked to 

a failed transition and the growth of fossil fuel production, was detected.   

A total NPV profit loss of respectively -0.35% and -2.95% in the LD and AT 2030-scenarios seemed 

manageable. The corresponding results for 2025, -0.07% in the LD and -0.74% in the AT scenario, 

showed that the majority of the transition impact can be expected in the second half of the decade. The 

Limited Decarbonization scenario modelled a very slow transition. The results show that in such a slow 

scenario, transition risks will not impact the market heavily until 2030. The faster speed of the transition 

in the AT scenario led to risks that were over 8.4 times higher than in the LD scenario. This was attribut-

able to a much higher carbon tax, a faster growth of renewable energy and a steeper decrease of fossil 

fuel production. But even total NPV losses of -2.95% of the total market value were limited and lower 

than expected by the author. The research hypothesis that a fast transition will have large economic 

effects on the entire market could not be confirmed.  

In monetary terms, USD 1.36 trillion were lost until 2030 in the AT Scenario. In comparison, the USA 

as the world’s leading economy had a GDP of USD 21.4 trillion in 2019 (BEA, 2020). According to the 

2019 estimates of the International Monetary Fund, 14 countries worldwide have a GDP of over USD 

1.36 trillion (IMF, 2019). The relative value loss in the AT scenario seemed manageable but it still 

represented a significant impact on the global economy in monetary terms. Overall, the findings suggest 

that the transition will affect the future performance of MSCI AWI.  

It is important to remember that only the direct impact of the transition on companies was measured in 

the TA-DCF. Indirect impacts that originate in interdependencies and interrelations between companies 

in the economic system were not measured in this deterministic model. In reality, because transition 

risks are described as a source of systemic risks by many scholars, the risk of a transition might be higher 

than the measured -2.95% (Battiston, et al., 2017; Carney, 2015). 

(2) High variation in sector-level impacts explained low total impact. Certain sectors experienced high 

losses in a fast and ambitious transition. 

In the Ambitious Transition 2030 scenario, the high variation of sector-level impacts was the main ex-

planatory for the low total portfolio impact. Most companies in the analyzed portfolio operated in sectors 

that displayed low average losses. Therefore, the overall weighted impacts were low. The IT, Financials, 

Health Care, and Communications Services sectors were the four sectors least impacted by the transition. 
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In MSCI ACWI, those four sectors represented 55.9% of the total portfolio as shown in Figure 15. The 

sectors experiencing the highest impacts – Energy, Utilities and Materials – represented only 11.7% of 

the total portfolio weight together (see Fig. 15).  

 

Fig. 15. Sector weights of MSCI ACWI as of February 28, 2020 (MSCI, 2020c) 

This result then posed the question as to why Energy, Utilities and Materials were more exposed. As 

illustrated in Figure 6 in the methodology chapter, those sectors are high emitters, either directly or 

through their energy usage. They were therefore majorly impacted by the carbon tax imposed in the 

scenario. However, the exposure is not only based on high average CO2 intensities. Specific risks were 

modelled for certain sectors with the two other model variables, the share of renewables and the fossil 

fuel production. Fossil fuel production was the variable with the highest negative impact on the overall 

portfolio results. The effects of this factor were specifically modelled for companies in the transportation 

industry (car manufacturing) and companies in the Energy sector. This explained why the Energy sector 

was the most exposed to the transition, with a total loss of 83% of its market value. Thereby, the Energy 

sector was the biggest overall contributor to the total portfolio risk. As shown in Figure 10 in the results, 

65% of the total NPV profit loss of the whole MSCI ACWI was attributed to the Energy sector. This 

was a disproportionally large impact compared to the sector weight of only 4% in the portfolio.  

The results suggested that the Energy, Utilities and Materials sectors, followed by Industrials, were the 

most affected by a fast transition to low carbon societies. They will be hit directly by both policy re-

sponses and changes in market preferences. The findings of this analysis indicated that these sectors are 

the ones that must undergo the greatest transformation in the transition to low carbon economies.  

In conclusion, the impacts of the transition became apparent on the sector level – not on the portfolio 

level. Depending on the exposure of a portfolio to certain sectors, transition risks could therefore be 

much higher than for MSCI ACWI, if the portfolio has a tilt towards the energy, materials or industrials 

sector. They could also be much lower, if the portfolio has more exposure towards low carbon sectors. 

Hence, low portfolio level impairment can be linked to an advantageous sector allocation and sufficient 

diversification of a portfolio. This contradicts the initial hypothesis that the transition will have large 

economic effects on the entire market that investors cannot manage with help of portfolio diversification. 

(3) Company-level impacts differed significantly. Renewable Utilities were the only winners.  

Beyond considerable sector-level impacts, a high variation of company-level impacts was observed in 

MSCI ACWI. In the three most exposed sectors (Energy, Utilities and Materials), the highest in-sector 

variation was detected (see Fig. 12). A look at the subsectors could explain parts of this variation, espe-

cially for the Utilities sector that had the widest impact spread. The reason behind the large variation is 

the combination of very CO2-intensive industries (fossil fuel power generation) with high transition risks 

and low-carbon operating industries (renewable electricity) with lower transition risks in the sector.  
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Another important explanatory factor was the use of revenue breakdown data. The model utilized avail-

able information on different revenue streams of a company. A company engaging in renewables and 

fossil fuels could both get parts of the upside and the downside of the transition. Depending on the 

engagement ratio between green and brown, the transition impact became very company-specific. How-

ever, the portfolio was divided into GICS sectors for this analysis. This meant that every company was 

only classified in one single sector, even though it might engage in many different economic activities 

that were used to model their transition risks.  

Most companies experienced only limited financial impacts in the AT-scenario. However, a smaller 

group of expected “winners” and “losers” of the transition to a fossil-free society were distinguished by 

the model. When looking at the extremes, a group of 187 companies in the analyzed portfolio lost be-

tween 90% and 100% of their market value in profits. The predominance of certain sectors (Materials, 

Energy, Utilities, Industrials) and regions (Asia, US) was observed. However, company-specific factors 

determined if a company ended up amongst the “losers” or not. Factors such as the company’s current 

carbon intensity, segment diversification, profitability, and the forecasted transition capacity were used 

in the model. The most straight-forward relation was found between CO2 intensity and transition risks 

which are moderately negatively correlated (see Fig. 14 in the results section). The higher the CO2 in-

tensity, the higher transition risks of the company can be expected. A direct linkage between a com-

pany’s size and its transition risks could not be detected. No clear relation could be determined for 

transition capacity or profitability.  

Out of the 187 companies, 175 lost profits accumulating to more than 100% of their current market 

value. In the TA-DCF, a company’s losses were capped when they grew over 100% of their current 

market capitalization. This approach was taken due to the fact that the market value of a company is 

defined as the sum of all of its future expected cash flows. Capping a company’s losses at 100% market 

value ensured that the transition risk of one company did not over-proportionally affect the portfolio 

results.  

In the Ambitious Transition, the “greenest” opportunities were to be found in the Utilities and Industrials 

sector. In total, the model predicted more losers than winners within the next ten years, with only seven 

companies experiencing overall positive impacts. With regards to how the scenarios were constructed, 

this result was no surprise. The findings showed clearly that the framework focused more on the negative 

effects of the transition. The downsides of the transition were modelled with the global carbon tax, 

decreased fossil fuel production, decreased production of ICE vehicles, as well as a decreased share of 

fossil fuel power generation. The upside was only modelled for the Transport industry (increased pro-

duction of EV) and the Utilities sector through an increased share in renewable power generation (the 

sector had at the same time had to deal with the modelled downside). Only very “pure” renewable com-

panies with currently low CO2 emissions could achieve overall positive profit changes in the next 10 

years. One insight from the model was therefore that the transition upside should be modelled in a better 

way. However, it was encouraging that the model could identify some companies that will leverage the 

opportunities emerging from the transition.  

Lastly, the author wanted to introduce the idea of “relative winners”. Companies that kept their profits 

through the transition were winners relative to the parts of the economy that lost large sums in the tran-

sition. In total, 1434 companies did not lose more than 1% of their profits in the Ambitious Transition 

scenario. However, the “relative winner” idea should be applied for in-sector comparisons. For example, 

a group of companies in the Industrials sector did have very low profit losses of less than 1% market 

cap. Compared to their sector average profit loss of 12% and the 26 companies in the sector that lose 

100% of their market value in profits, those companies could be called relative winners. 

(4) Transition capacity reduced total portfolio risk by 10%. 

The transition capacity was seen as an important feature of the model. The TC was based on the idea 

that some companies will change and adapt to new requirements and market preferences during the next 

ten years. The transition risks of those companies should, therefore, be lower than what the model as-

sessed with current or backward-looking data for the three input variables. The transition capacity factor 

reduced the total portfolio risk from -3.25% to -2.95%. This result showed that the idea of transition 
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capacity could be operationalized. A real impact on the total portfolio risk could be detected. The total 

loss of profit in MSCI ACWI would be 10% higher (growing from -2.95% to -3.25%) if the transition 

capacity of companies was not considered.  

In summary, the analysis suggested a limited portfolio impact of the transition until 2030 but high tran-

sition risks for certain sectors. A wide variation of financial impacts for companies was observed. The 

transition risks in the MSCI ACWI portfolio depended on sector allocation, but also on specific security 

selection. A group of companies that will lose a large share of their profits was identified by the model. 

5.2. Comparison to Other Studies 

A look at case studies from academia and practitioners gave the opportunity to test if the results of this 

thesis aligned roughly with other approaches. It is important to note that the methodologies of those 

studies varied significantly from the TA-DCF. While direct comparability of results was therefore not 

given, it was still interesting how far the TA-DCF results deviated from other scenario analyses.65  

UNEP FI applied their methodology – a Climate value at Risk assessment – to a market portfolio of over 

30,000 companies. In the 1.5°C scenario, 13.16% of the portfolio (overall value) were at risk from the 

required transition (UNEP FI, 2019). They considered the total assets under management (AUM) for 

the 500 largest investors worldwide to derive a total monetary loss of USD 10.7 trillion (ibid). This 

analysis derived a 4.5 times higher climate risk than the TA-DCF in the Ambitious Transition scenario. 

However, the assessment stretched until 2050 and incorporated both physical and transition risks. The 

same study also analyzed a portfolio that closely resembled the MSCI World Developed Market Index 

(UNEP FI, 2019). A policy risk of -3.79% in the 1.5°C scenario and -2.07% in the 2°C scenario was 

calculated. However, they were offset by slightly larger technology opportunities so that the total Cli-

mate VaR was +0.05% (1.5°C scenario) and -0.46% (2°C). While the policy risk calculations looked 

quite similar to the TA-DCF, the technology opportunities were not modelled extensively in this thesis. 

Therefore, the results differed. 

In 2018, Neuberger Berman conducted a climate risk assessment, including both transition and physical 

risks. For a period of 15 years, they found a Climate VaR of -2.3% across their own portfolio and -1.2% 

for the S&P 500 Index (PRI, 2019b). The Inevitable Policy Response (IPR) study by PRI estimated that 

the MSCI ACWI shares could fall by 3.1% or USD 1.6 trillion until 2050 because of policy responses 

that kept the global warming at 1.5°C (PRI, 2019a). This impact could further rise to -4.5% (USD 2.3 

trillion) depending on the timing of the repricing of companies. The PRI study was only concentrated 

on transition risks and did not model physical damages. From the studies discussed in this section, the 

PRI IPR was the most comparable to the TA-DCF framework. The results were in a similar range.    

Mercer analyzed the transition risks on sector level and found, amongst other things, a cumulative im-

pact of -58.9% by 2030 for the coal sector but a +105.9% gain for the renewables sector (Mercer, 2019). 

This highly positive impact was not depicted by the TA-DCF, but the model found comparable results 

for the energy sector that lost -56% on average and -83% in total in the AT-scenario. Mercer (2019) also 

concluded that there are significant investment opportunities in a 2°C scenario, between 0.1 and 0.3% 

p.a. (value growth) until 2030 for their sample portfolio.  

5.3. Limitations of the Model 

This thesis resulted in a scenario-based valuation framework that forecasts the impact of transition risks 

on equity portfolios. It is inherent to such a quantitative model to have a number of different assumptions. 

This comes with several shortcomings which are discussed in the following sections. Generally, climate 

scenario modelling and climate risk assessment are subject to different levels of uncertainty such as data 

quality, the overall construction of the scenarios and more specific assumptions, e.g. the time horizon 

and financial implications. However, constructing future scenarios – as difficult as it is – is one the only 

way to put a number on possible future events.   

                                                      
65 For a more extensive literature review, please see Curtin et al. (2019). 
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5.3.1. Data Quality and Availability 

The first limitation on the developed risk framework was data quality and availability. Demand for cli-

mate-related financial information is growing and many larger sized companies disclose annual sustain-

ability reports (TCFD, 2019). However, the CDP concludes that “there are significant gaps between the 

focus of current climate reporting by most companies and the information that must be synthesized to 

meet the TCFD recommendations” (CDP & Marsh & McLennan Companies, 2018, p. 1). A TCFD study 

from 2019 shows that out of over observed 1,100 companies, 70% disclose some kind of climate-related 

information but only 4% of the companies aligned with most of the TCFD’s recommended disclosures 

(TCFD, 2019). While the availability of general sustainability data66 is rapidly improving, it is still far 

from perfect. Another obstacle is that companies are disclosing sustainability information that is not 

directly aimed at investors but other stakeholders, e.g. NGOs (Eccles & Klimenko, 2019). Even exten-

sive reporting of a company does not automatically mean the disclosure of useful information for a 

financial analysis. Company disclosure is therefore still a challenge for systematic modelling. 

In the following paragraphs, examples of missing data are given that affected the model significantly. 

To start with, better CO2 emission reporting, especially for the whole lifecycle of products, is critical. 

CO2 emission data is one of the most commoditized ESG-data points. But even this data is far from 

complete or reliable, especially scope 3 GHG emissions of a company. There are no legal requirements 

for firms to include emission data into their financial accounting. No standard on how to report emission 

data is officially agreed on (Eccles & Klimenko, 2019; Thomä, et al., 2018).  

According to the 100% Climate Disclosure initiative, only 21 companies worldwide report 100% of 

their scope 1 GHG emissions (100% Climate Disclosure, 2018). Disclosure varies by sector, company 

size and region. The smaller the company, the less probable it is that GHG emissions are reported. In a 

TCFD study, only 19% of small-cap companies were reporting whereas over 50% of large-cap compa-

nies disclosed GHG emissions metrics (TCFD, 2019). The same study shows that companies in North 

and South America as well as Europe report GHG more frequently than companies located in Asia or 

Africa (ibid). For the market portfolio that was tested in this thesis, scope 1 and 2 GHG emissions had 

to be estimated for companies accounting for circa 21% of the portfolio weight. For around 79% of the 

portfolio, data was available.67 This meant that there was still a reporting gap for something as “simple” 

as GHG emissions.  

Looking at more complex data such as the geographic location of company assets, the coverage was 

worse. In the used S&P dataset, assets were often only reported as located in “Europe” or “South-East 

Asia” by the company, which meant that geolocation data must be estimated. This made more granular, 

country-focused approaches impossible. Furthermore, access to reliable supply chain data would im-

prove the modelling. If the entire supply chain of a company was known, transition risks could be mod-

elled in a more granular way. Such data was not available for this thesis. 

Another limitation was the used industry classification system for revenue breakdowns. During this 

thesis, several problems with the North American Industry Classification System were discovered. 

There was no differentiation between oil and gas extraction industries, which was extremely important 

for modelling the change in fossil fuel production. Furthermore, there existed no classification for EV 

and ICE vehicle manufacturing. More granularity would be possible with a classification system that 

was developed or adjusted for sustainability purposes. An example is the system of the Sustainability 

Accounting Standards Board (SASB). Their classification system groups companies based on their sus-

tainability-related risks and opportunities (SASB, 2018).  

It will take time until reliable climate risk data is disclosed by companies. Integrated reporting, as sup-

ported by the Global Reporting Initiative, would improve the modelling of climate risks immensely 

(GRI, 2020). Integrated reporting is defined as the production of only one annual report where financial 

and non-financial data (robust sustainability metrics) are included (Eccles & Klimenko, 2019). A third-

                                                      
66 12% of the largest publicly listed companies in 49 countries reported ESG data in 1993. That share has increased 

to 75% in 2017 (KPMG, 2017). 
67 The data was derived from Refinitiv.  
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party audit would be desirable. The TCFD (2017b, p. v) recognizes that the use of climate scenarios 

analysis is relatively recent, and that practice will evolve over time. Until then, the use of estimated data 

is inevitable and introduces uncertainty to the model. Hopefully, the TCFD recommendations are the 

first step towards better data availability. Furthermore, the EU Non-Financial Reporting Directive and 

the EU Taxonomy regulation should improve data availability in the European Union as they will en-

courage the disclosure of climate-related data (EC, 2019b). A number of initiatives like the Climate 

Disclosure Standards Board (CDSB) and the 100% Climate Disclosure project are working towards the 

same goal of getting companies to disclose climate-related information (100% Climate Disclosure, 2018; 

CDSB, 2020).  

This section described the struggles with non-financial data; however, there were also companies in the 

portfolio where the financial data could not be obtained from the data providers (e.g. total revenue or 

market capitalization). Whenever that was the case, the companies were dropped from the analysis and 

the portfolio was re-weighted according to the still existing constituents.  

5.3.2. Limitations and Assumptions of the TA-DCF Model 

Beyond the challenging data landscape, the methodology behind the TA-DCF posed several limitations 

to the results. In the scenario construction, a smooth and steady transition was modelled. According to 

the PRI, this will most likely not be the case (PRI, 2020b). Instead, a fast disruption should be forecasted 

in at least one scenario. It is therefore highly possible that the developed scenarios did not accurately 

depict the future. Dépoues et al. (2019, p. 7) note that “by construction, traditional risk assessment mod-

els [such as the TA-DCF] represent a normal functioning of the financial system, close to known areas 

of variability. They are not at all designed to account for non-linear consequences or possible disruptive 

effects […].” 

Furthermore, the chosen time period was a limitation to the model. Modelling transition risks until 2030 

did not depict a truly long-term perspective. This seems to be rather common for climate risk analysis. 

Even ambitious models imply only limited shocks in short- or middle-term scenarios (Thomä, et al., 

2017b). However, this means that the model cannot answer questions about what will happen after 2030. 

Another factor that was not explored further is the regional variation of transition risks.  

One must also acknowledge that it is unknown which to which level climate risks are already priced in 

by the market. This uncertainty around current and future market pricing lowered the precision of this 

analysis. Furthermore, unlisted impacts could not be modelled. Companies that will seize the transition 

opportunities might not be listed yet (PRI, 2019d). This means that those firms were not considered even 

though they might represent a significant upside of the transition and reduce the total transition risks. 

Looking at the impact quantification, it is important to highlight that the scenarios were highly uncertain. 

Every scenario only reflected one single pathway for each input factor. There is a broad range of poten-

tial pathways for each factor that have not been considered. The further in time a factor is forecasted, 

the more possible pathways exist. Besides, the scenarios were not assigned a certain probability. The 

financial impact of the parameters was calculated only for the specific scenarios. A total “value at risk” 

score was not derived. In conclusion, this risk framework could provide an educated guess about the 

future but was in no way a projection of what the future will actually look like. It estimated only the 

impact of those three transition mechanisms and utilized many assumptions that simplified market dy-

namics. It thereby followed the recommendations of the PRI to keep it as simple as possible (PRI, 2018). 

The next sections detail the modelling limitations of the specific input parameters. The also include 

recommendations and ideas on how to improve those parameters.   

5.3.2.1. Global Carbon Tax 

In the TA-DCF, a global, cross-sector carbon tax was modelled. Country-specific carbon pricing policies 

were not incorporated into the scenario construction, even though a global carbon price is assessed as 

unlikely in the near term (PRI, 2020b). The model could change to country-specific carbon prices as a 

next step. The scenario would also be more realistic if different countries did not introduce the carbon 

tax at the same time and speed. Currently, a patchwork of very different carbon taxing mechanisms 

exists worldwide (World Bank, 2019). A scenario could be based on the idea that the EU and China 
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agree on a common ETS-based system that other countries join after a few years. The carbon market 

cooperation between China and the EU has intensified over the last years, showing that this could be a 

realistic scenario (EC, 2017). Another idea is the introduction of different carbon taxes for different 

sectors as described by the Carbon Pricing Corridors initiative (World Bank, 2019).   

However, the imposition of a global carbon tax in the risk framework was meant to cover all kinds of 

regulatory risks that will emerge over the next decade. It was a sufficient instrument for this cause. As 

an input factor, it generated additional costs proportional to the GHG emissions of a company. This was 

the effect that was intended to be modelled. For the risk model, it was irrelevant if the costs came from 

a global carbon tax, a border tax or the removal of a fossil fuel subsidy.  

One challenge relating to the next input factor was the inadequate modelling of interdependency between 

input variables. It was assumed that the CO2 emissions of a company stayed constant during the model 

period. However, if a company increased its renewables segment and decreased its fossil fuel power 

segment, its total emissions should decrease as well. The carbon tax introduction was linked to the an-

nual growth rate of renewables. However, no linkage was modelled in the other direction. In this area, 

further development of the model is needed.  

5.3.2.2. Share of Renewables in Power Generation 

Keeping feasibility in mind, there were a lot of challenges in how the change in renewable power gen-

eration was modelled. A fair share approach was used to distribute the effect of a changing share of 

renewables in the power generation market to all market participants in a simple way. This meant that 

specific company characteristics, other than revenue and gross margin, were not considered in the mod-

elling process. Companies were not further differentiated by their competitiveness or financial strength. 

Foremost, the reason was missing data and time constraints.  

To improve the framework, the market change could instead be modelled with a Market EBIT approach 

as described by Brunke et al. (2018). This approach would include the financial strength of a company. 

The assumption is that financially stronger companies can invest more and will therefore capture a larger 

share of the growing market. The additional profit would be modelled as a non-linear function depending 

on revenue, growth rate and EBIT. However, this would partly assume the transition capacity of the 

company, which is incorporated separately in the TA-DCF. Another possibility is the Market ROE ap-

proach. Instead of using EBIT, return on equity can be used as a measure for the profitability of a firm. 

ROE is defined as net income divided by shareholder equity. The higher ROE, the more efficient the 

firm is in generating income and growth from its equity financing. Both the Market EBIT and the Market 

ROE approach add additional information to the model and could therefore make the modelling more 

specific.  

The modelling of the change in renewable power had several other limitations. For one, the power gen-

eration mix changed at the same rate in every country even though the starting points were extremely 

different. For example, Canada’s electricity production from oil, coal and gas sources amounted to 21.1% 

of the total production in 2015, whereas the US derived 67.1% of their total electricity from fossil fuel 

sources in the same period (World Bank, 2015). To assume that the market share of renewable energy 

sources grows at the same speed in both countries and the share of fossil fuels drops at the same speed 

was not realistic. A country-specific approach would be better suited to model this input factor if better 

geolocation data was available. Would companies provide standardized information on where their as-

sets are located, this could be implemented.  

Another limitation was the decision not to model new market entrants. Furthermore, the total electricity 

demand and production was not considered in this modelling approach. The biggest limitation was the 

fact that all renewable energy sources were modelled to grow at the same speed. IRENA expects wind 

and solar power to grow much faster than hydro and bioenergy (IRENA, 2019b). Hydro energy is al-

ready highly exploited in countries with substantial water resources  (Lin & Omoju, 2017). Acute water 

shortages because of global warming might also halt the increase of hydro power production (ibid). To 

account for these differences, the renewable power industry could be divided into a faster-growing and 

a slower-growing group. Another idea is to adjust the growth projection sub-industry specific (for solar, 
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wind and water), based on the spread of ROE or EBIT instead of taking one growth projection for the 

whole sector.  

5.3.2.3. Fossil Fuel Production 

The impacts of changes in fossil fuel production were modelled for only two groups of companies. They 

were either based in the Energy sector or part of the Transportation industry. Those groups were chosen 

because of their high reliance on fossil fuels. They were mainly determined by looking at the TCFD 

recommendations for non-financial groups68 and other transition risk models such as PACTA (2 Degree 

Investing Initiative, 2016; TCFD, 2017b; Thomä, et al., 2017b). However, a comprehensive risk model 

should (at least) include Manufacturing, Industrials and Agriculture industries as well. This was not 

possible to realize mainly due to time constraints.  

Energy  

Modelling the change in profits for an Energy company is based on the current revenue, fossil fuel 

production and gross margin of the firm. Only the gross margin depicts the company’s position in the 

market. Ideally, more company characteristics would have been considered in the modelling process, 

for example return on equity. Another data point that could be used is excess Capex. The data, calculated 

by the Carbon Tracker Initiative, shows potential capital expenditures of a firm until 2025 that should 

not be deployed in a 2°C scenario (CTI, 2017). It represents the company’s investments that might be 

“unburnable” and are therefore lost value. This would improve the modelling of profit loss from unde-

veloped reserves.  

Furthermore, price elasticity and geographical location should be taken into account when modelling 

profit changes because the impacts are unevenly distributed across companies in the sector. Risks de-

pend on much more than just the affiliation to a certain sector and the return on equity. The different 

types of fossil fuel products (shell oil, oil sand, etc.) were disregarded in the model even though they 

have very different production costs. However, with the available dataset, this differentiation was not 

possible. Furthermore, the structure of the oil and gas market was not considered. A high percentage of 

the gas and oil reserves worldwide is owned by governments or state oil companies, mostly OPEC states 

(Spedding, et al., 2013). This means that regional modelling is even more important and should be de-

veloped in the future, together with the use of a more granular dataset.  The importance of understanding 

the Energy sector in detail and model especially oil and gas more granularly had been once more demon-

strated by the oil price war in March 2020 connected to the COVID-19 crisis (Bloomberg, 2020).  

Transportation 

For the transport sector, the biggest challenge was data availability. It was more difficult than expected 

to obtain the amount of ICE and non-ICE (EV and PHEV) cars that every firm produces. The change in 

production was therefore difficult to model. To be able to model the transport sector, the production 

change was based on the assumption that the lower fossil fuel extraction is directly linked to the pro-

duction of ICE vehicles. This assumption might not necessarily be true. Therefore, a better proxy for the 

demand change or projections from IRENA should be used.69 One idea is to divide the market into two 

groups, leaders (already producing a high amount of EV) and others, based on the assumption that all 

car producers will increase their production of hybrid and electric cars. Their Capex to the EV segment 

could be taken to forecast how fast they will produce a large number of electric cars and how much 

profit they will gain in the future. However, the decrease of ICE vehicle production is still difficult to 

model with this idea.  

 

                                                      
68 The TCFD recommendations include Energy, Transportation, Materials and Buildings, and Agriculture, Food 

and Forest Products. Those groups have been chosen because of their highest perceived likelihood of climate-

related financial impacts (TCFD, 2017b). 
69 In IRENA’s REmap scenario, the number of electric cars in use will increase from 6 million in 2018 to 157 

million by 2030 (IRENA, 2019a). 
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Manufacturing  

The author was determined to model parts of the manufacturing sector because of their dependency on 

fossil fuels. It was planned to model impacts on the cement as well as iron and steel industries with 

increasing production costs (depending on a company’s scope 2 GHG emissions) or a change in gross 

margin. Unfortunately, this could be not be realized in the scope of this thesis.  

5.3.2.4. Transition Capacity 

Given the lack of modelling capacity, the transition capacity estimations in this model were educated 

guesses. In section 3.2.6. Transition Capacity, several financial metrics were introduced as possible 

ways to estimate transition capacity. In the future, the model should be developed further to include 

those metrics. For now, forward-looking data such as “green” Capex was too difficult to obtain for most 

companies. Furthermore, there would be more research and quantitative analysis needed to develop 

knowledge about how capital expenditures are linked to future profits. This was the reason why data 

from the Transition Pathway Initiative and the Science Based Targets initiative were chosen as proxies.  

The data from TPI and SBT came with its own challenges. The biggest limitation of the TPI data was 

availability. Even though FTSE Russel started to collect those data points for its entire universe, the 

assessment of only around 330 companies in 16 industries was publicly available (TPI, 2020). Especially 

the dataset of leaders was very small (43 companies). One idea on how to extend that data was the 

definition of leaders as companies with more than a certain percentage of revenue in low-carbon sectors. 

The idea was not implemented in the current model.  

Furthermore, the problem of mixing two datasets with completely different methodologies needs to be 

addressed. The transition capacity dataset would have been even smaller if this approach was not used. 

A common critique of the SBT is that the companies themselves determine their targets. Therefore, it 

can be expected that they are not always 100% honest or knowledgeable in their assessments. After all, 

publishing SBTs can also be a means to attract new investors. 

The incorporation of CDP (formerly Carbon Disclosure Project) data might have been more valuable to 

the model. The CDP supports companies, cities, regions, and states in disclosing environmental data 

(CDP, 2020b). Every year, they publish an openly available “A-list” that names the world’s leading 

companies in environmental transparency and performance(ibid). The scoring system from A to D 

shows the comprehensiveness of disclosure, awareness and management of climate risk (and other en-

vironmental risks). However, CDP’s corporate data must be purchased, or an academic license has to be 

requested.  

One more challenge was the incorporation of a qualitative model into the TA-DCF. The author of this 

thesis is fully aware of the fact that the developed model is just a first step that needs further development. 

Instead of just assuming a TC factor, statistical research should have been conducted in order to deter-

mine how management quality and transition capacity are linked to each other. However, this was out 

of the scope of this already ambitious thesis. Time constraints set a limitation on the quality of the risk 

framework.   

In the future, a real quantitative assessment of transition capacity should be implemented by taking 

different proxies as introduced in the methodology chapter and modelling their financial impacts. Inno-

vative solutions (R&D or green patents) could lead to increased revenue. An announced strategy of 

GHG emission reduction can be modelled as lower sensitivity to carbon pricing. A market value increase 

and a change in the cost of capital could be determined according to the ambitiousness of a company’s 

planning. 

The developed TC-methodology with the four different company types can be used with better proxies, 

as better data will hopefully be available soon. The EU Taxonomy will most certainly be helpful for 

more detailed quantifications.70 As soon as companies start reporting their Taxonomy aligned Capex, 

                                                      
70 A SEB-owned EU Taxonomy model is not used in this thesis but could be applied in a future version to deter-

mine leaders. 
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this can be used to forecast their transition capacity. More data could also be accessed by using climate 

benchmarks or transition benchmarks that are provided in the market. The MSCI Climate Change In-

dexes are one example. They use a transition score system to classify companies as solutions, neutral, 

transitioning, and asset stranding (MSCI, 2020a).  

5.4. Use Cases in Portfolio Management  

As it was mentioned in the introduction of this thesis, only what can be measured can be managed. A 

quantification of transition risks can make them manageable for investors. With the help of the TA-DCF, 

those risks can be incorporated into investment decision-making. Several use cases for sustainable in-

vesting were identified. 

The term sustainable investment71 covers a number of different investment strategies than can be com-

bined. Seven strategies defined by Eurosif (European Sustainable Investment Forum) are explained in 

this paragraph. Exclusion systematically eliminates companies from the investable universe based on 

specific criteria. Norms-based screening selects only companies in line with set norms. Best-in-class 

investment selects companies with a strong ESG performance in a certain sector. Engagement and voting 

describe the investment strategy of engaging and influencing with portfolio companies. ESG integration 

means the inclusion of ESG factors into financial analysis. Sustainability themed investments select as-

sets linked to one specific sustainability theme such as food, water or renewable energy. Impact investing 

describes the investment in companies that make a positive impact on the world (Eurosif, 2018).   

The next two sections will detail how the transition risk framework can be used by practitioners in the 

context of sustainable investments. According to Gianfrate (2020), the reduction of climate risks should 

be a key investment objective to at least three categories of financial institutions: banks, investors 

providing sustainable financial products and long-term oriented institutional investors such as pension 

funds. The risk framework introduced in this thesis can aide them to incorporate long-term perspectives 

in investment decision-making. In the following, the focus lies specifically on asset managers and asset 

owners of equity portfolios. The framework can be utilized in the analysis of existing portfolios to iden-

tify, report and mitigate transition risks. It can also be applied in the construction of new portfolios with 

the objective of very low transition risks.  

5.4.1. Portfolio Analysis and Disclosure 

The risk framework can be used to identify transition risks for existing portfolios. In this function, it is 

very useful for passively managed portfolios. When a company analysis by hand is impossible because 

of the sheer size of the portfolio, the model is an easy way to inform investors about the potential tran-

sition risks of their portfolio. Therefore, the top-down scenario analysis could be a helpful tool to in-

crease climate-related disclosure by financial actors.  

The TCFD (2017b) recommends that climate-related disclosure is divided into four thematic areas: Gov-

ernance, Strategy, Risk Management, and Metrics & Targets. A short description of all elements is given 

in Figure 16. Looking at the specific recommendations for asset owners, the TA-DCF contributes to the 

Strategy element where investors should disclose the climate risks, opportunities and impacts that they 

identified over the short, medium and long term. Investors are also required to describe how climate 

risks are factored into relevant investment strategies and test their strategies against a 2oC or lower sce-

nario (TCFD, 2017a, p. 34f.). The TA-DCF also contributes to the Risk Management element. There, 

investors should disclose their processes for identifying and managing climate risks (TCFD, 2017a, p. 

35f.).  

                                                      
71 The following definition of sustainable investment was agreed on by Eurosif (2018, p. 12): “Sustainable and 

responsible investment (”SRI”) is a long-term oriented investment approach which integrates ESG factors in the 

research, analysis and selection process of securities within an investment portfolio. It combines fundamental anal-

ysis and engagement with an evaluation of ESG factors in order to better capture long term returns for investors, 

and to benefit society by influencing the behavior of companies.” 
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Fig. 16. Core elements of recommended climate-related financial disclosures after TCFD (2017b)  

Enhancing the transparency around climate risk exposures is only the first step to make the financial 

system more resilient to climate risks (Gianfrate, 2020). Investors should ask themselves: How can we 

manage such risks, now that we have identified and quantified them? Currently, the two main ap-

proaches to risk management appear to be divestment72 and active ownership73 (Gianfrate, 2020). The 

transition risk framework is useable for both strategies because it identifies the companies an investor 

needs to engage with or divest from. Active ownership (engagement & voting) is an important strategy 

for active long-term managers that intend to hold stocks for a long time as well as for passive asset 

managers. They can exert their ownership through proxy resolutions and proxy voting. In this way, they 

can influence companies to start their transition or meet their set targets (Eccles & Klimenko, 2019). 

Opinions differ on whether divestment is a helpful sustainable investment strategy (Sjöström, 2020). 

When thinking of the transition to low carbon economies as a systemic risk, the usefulness of divestment 

(exclusion) can be contested by pointing out that stocks are only traded on a secondary market. Even 

though divestment might influence their share price, there will always be another investor willing to buy 

the stock (Eccles & Klimenko, 2019; Sjöström, 2020).  

Eccles and Klimenko argue that transition risk is a systemic risk which one cannot necessarily diversify 

from (2019). An investor might want to try and divest from companies with the highest transition risks, 

but in the end, their portfolio will be impacted either directly or indirectly in the long term because the 

majority of companies and industries has not transitioned (yet). In light of this argument, active owner-

ship is more efficient to actually future-proof a portfolio. 

Another use case is the construction of a low transition risk benchmark. Such a benchmark can be used 

to measure the performance of active and passive managers. It helps to understand transition-related 

risks and their impact on risk and return drivers. Shifting to a low transition risk or low-carbon bench-

mark could reflect the integration of transition risk considerations in the portfolio (PRI, 2018). A last 

use case for asset owners is be the independent evaluation of fund managers and their integration efforts 

(ibid).  

                                                      
72 Divestment is the practice of selling investments from companies in specific sectors or industries (Sjöström, 

2020). Nowadays, it is mostly mentioned in the context of fossil fuels.  
73 Active ownership is defined as shareholders directly engaging with a company that they invested in, to influence 

company policies and management practices (Sjöström, 2020). 
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5.4.2. Portfolio Construction  

The transition risk framework is seen as an equally useful tool for portfolio construction. It can be ap-

plied in the construction process to make informed decisions about companies in the investment universe. 

Quantifying transition risks and showing their impact on the valuation of a company makes it possible 

to include them in Modern Portfolio Theory. As soon as transition risks can be translated into expected 

return changes, they can be included as an additional layer in a quantitative portfolio construction pro-

cess following MPT.  

Different strategies are possible, e.g. avoidance of high-risk companies (exclusion) or the choice to con-

struct an investment universe based on the perceived transition risk performance of companies. The 

latter would be an ESG integration strategy or a best-in-class approach according to Eurosif (2018). One 

example is the long-term passive investment strategy developed by Andersson, Bolton and Samama 

(2016). They construct an index portfolio with 50% less carbon footprint than its benchmark and 50% 

less exposure to stranded assets (Andersson, et al., 2016). Another method to build equity portfolios for 

climate risk mitigation and adaptation is introduced by Bender, Bridges and Shah (2019). They develop 

a model on how to align a portfolio with climate model projections to limit cumulative CO2 emissions 

to a certain global warming scenario.  

The demand for those kinds of sustainable investment strategies has been growing (Eccles & Klimenko, 

2019). The presented research and risk framework could be used to inform financial engineering and 

“unleash financial innovation” (Gianfrate, 2020, p. 9). Strategies to reduce transition risks by hedging 

or insurance can be developed (ibid). 

5.4.3. Limitations of Use  

Transition risk assessments can point out which companies still have a long way in front of them and in 

such manner help investors to understand where they should increase their efforts. However, the results 

from the portfolio analysis suggest that the TA-DCF is not very successful in identifying companies that 

will develop innovative solutions in the future. It should therefore not be used as the only dimension of 

sustainability in an investment strategy. The author argues that there is no use in divestment from or 

active ownership of fossil fuel power companies if investors do not, at the same time, try to invest in 

solutions that will drive the transition forwards.74  

Furthermore, climate change is not the only sustainability challenge that the financial sector needs to 

tackle in the next decades. Social inequalities, the loss of biodiversity and pollution are issues that should 

be attended as well. However, as climate change is seen as one of the most urgent societal issues and a 

potent risk multiplier, it is no wonder that investors currently focus on climate-related risks (Pinner, et 

al., 2020).  

5.5. Scientific Contribution 

This thesis closed a theoretical research gap by developing a science-based methodology to measure 

transition risks for portfolio management. The development of the transition risk model contributed to 

the scientific literature by transparently developing transition scenarios. Interdisciplinary research was 

needed to operationalize existing integrated assessment models and to utilize them for transition path-

way construction. The thesis also contributed with a description of the integration of transition scenarios 

into an analytical framework to quantify financial risks. A new perspective on the adaptability of com-

panies was introduced with the concept of transition capacity. To the author’s knowledge, such a meth-

odology to quantify transition capacity was not yet described in academic literature.  

Despite its infancy to fully leverage the transition scenario analysis, the TA-DCF provided useful em-

pirical insights that can be the starting point for more thorough analyses. The study of MSCI ACWI 

thereby filled a gap in the empirical literature by contributing to an understanding of the economic ef-

fects of a transition to low-carbon economies until 2030.  

                                                      
74 For example, technical solutions that make the shift from fossil fuels to renewable energy easier and cheaper.  
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5.5.1. Evaluation of the Quality of Research 

To achieve a high-quality scientific model, it was important to ensure the validity and the reliability of 

the risk framework. Therefore, the framework was tested on its accuracy of measure (validity) and its 

consistency of measure (reliability) during its construction and application (Riege, 2003). Riege (2003) 

assembled an extensive literature review on different testing techniques for case study research that were 

reframed to test the model design in this thesis. The complete results are described in Table 6 below.  

In short, the reliability of the model was ensured by a detailed description of all datasets and assumptions 

in the thesis. Repetitive tests of the same portfolio showed consistently the same results. It was ensured 

that the developed model measured what it was supposed to measure (transition risks) by using existing 

research and logical argumentation to derive the input parameters. Research quality was assured by an 

extensive literature review that was based on peer-reviewed articles and academic literature whenever 

possible. Because of the limited attention from the academic community so far, reports and market-

based studies were used when the academic literature was exhausted. Looking at the empirical results, 

the sectors that were impacted the most in the model were pointed out by other research and from the 

TCFD as the ones that were most exposed. The model could be tested further, for example by applying 

a sensitivity analysis.75  

Table 6. Testing model validity and reliability based on Riege (2003) 

Design tests Description Techniques Application in the model development 

and analysis 

Validity Accuracy of measure 

and minimization of 

systemic errors 

Usage of multiple 

sources of evidence 

In scenario construction and translation to 

financial impacts, a high number of di-

verse sources was used 

Establishment of chain 

of evidence  

The entire argumentation for the scenario 

construction is documented transparently  

Explanation building 

through usage of illus-

trations and diagrams  

Illustrations and diagrams were used in 3. 

Methodology, 4. Results and 5. Discussion 

Definition of scope and 

boundaries in method 

design 

Scope and boundaries were defined in 3. 

Methodology and limitations were dis-

cussed extensively in 5.3. Limitations of 

the Model 

Comparison of evi-

dence with other litera-

ture 

Comparison with other climate and transi-

tion risk models can be found in 5.2. Com-

parison to Other Case Studies 

Reliability Consistency of  

measure  

Full account of ideas All assumptions and design decisions were 

detailed in 3. Methodology  

Repetition of the analy-

sis to ensure same re-

sults 

Repeated tests of the same portfolio gave 

consistently the same results 

Full documentation of 

methodology and anal-

ysis  

Complete documentation of the used da-

taset in 3.2.4. Data and in Appendix A to 

ensure reproducibility of the study as well 

as extensive documentation of methodol-

ogy and results 

5.5.2. Scientific Insights 

This section presents a summary of several scientific insights derived from the thesis. First, it was pos-

sible to quantify transition risks over a ten-year time frame for equity portfolios by using a simple DCF 

model. Second, scenario analysis was found to be the best and most feasible method to model transition 

risks in the context of this thesis. One lesson learned was that a future model should give more thought 

                                                      
75 A simple OAT approach (One factor at a time) could be used to study how the different input variables impact 

the outcome of the TA-DCF. In the OAT analysis, a single input variable is changed at a time and the output 

changes are monitored. All other model variables are kept constant (Saltelli & Annoni, 2010). 
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to the positive side of the transition. The TA-DCF model did not identify many “transition opportunities” 

as defined by the TCFD (2017b).  

Third, the empirical findings in this thesis suggested that transition risk models can be incorporated into 

modern portfolio theory. The results of MSCI ACWI showed that the low total impact can be linked to 

the diversification of the portfolio. This indicated that transition risks are manageable with an MPT 

approach, at least until 2030. The hypothesis that modern portfolio theory cannot manage transition risks 

because they are systemic risks that affect the entire market could not be confirmed. However, uncer-

tainty about non-direct impacts prevented the author to gain full insight on whether transition risks are 

systemic risks. This made it impossible to fully reject the hypothesis, especially because the developed 

framework was based on a deterministic model.  

Fourth, the low total transition risks in the Ambitious Transition scenario allowed for the interpretation 

that the world economy can manage a fast low-carbon transition. According to the TA-DCF, the finan-

cial effects of such a rapid transition are not as extreme as one might expect. However, the transition 

modelled here was an orderly and linear transition over the next ten years, not a forceful, disorderly and 

abrupt one as modelled by the PRI (2019d). The findings indicated, therefore, that the fast initiation of 

climate action is important to shape an orderly and therefore manageable transition. 

Fifth, to further explore the hypothesis of systemic transition risks, a research study comparing different 

portfolios should be conducted. This will give more empirical insight on how transition risks are at-

tributable to sectoral and regional allocation. Longer forecasts and the modelling of indirect transition 

impacts should be conducted as well. Sixth, the extensive literature review conducted before the con-

struction of the TA-DCF showed that other approaches to impact modelling are possible. Different mod-

elling techniques for the financial impact valuation should be explored, for example an exploratory ap-

proach as described by Dépoues et al. (2019) or a financial macro-network approach as used by Stolbova 

et al. (2018). The results could be compared to the TA-DCF model.   
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6. Conclusion 

Integrating transition risks into financial risk management is not easy. Those risks are long term, there 

exists no historical data and the timing and magnitude of their economic impacts are unknown (TCFD, 

2017b). But uncertainty cannot be an excuse for ignorance. Portfolio impacts of a low-carbon transition 

need to be addressed. Transition risk models give investors the possibility to do so.  

This thesis develops a research-based, quantitative transition risk framework for equity portfolios. The 

research aim is thereby achieved successfully. Scenario analysis is determined as the best method to 

model the transition to a low-carbon economy. Three scenarios are constructed and encompass a five- 

and ten-year time period. To translate the three transition scenarios into financial impacts, the Transi-

tion-Adjusted Discounted Cash Flow model (TA-DCF) model was developed. The TA-DCF combines 

a top-down scenario modelling with a bottom-up valuation of financial impacts on company and port-

folio level. A methodology to account for the transition capacity of companies is incorporated into the 

model as well.   

To gather empirical insights on the economic effects of the transition, the MSCI All Country World 

Index (MSCI ACWI), a diversified global equity portfolio, is analyzed. The analysis comes to the fol-

lowing key conclusions. One, the total impact of the transition on the portfolio is rather limited. In the 

most ambitious transition scenario, profit destruction for MSCI ACWI amounts to only 2.95% of the 

total portfolio value by 2030. Two, the low-carbon transition entails both economic risks and opportu-

nities. Even though the total portfolio impact is limited, some sectors will suffer significant profit losses. 

Companies in the Energy and Utilities sectors lose on average 56% and 51% of their market value in 

profits in the most ambitious scenario. The findings also suggest that only few companies can leverage 

transition opportunities. The initial research hypothesis that the transition will have large systemic ef-

fects on the entire market that cannot be managed with Modern Portfolio Theory thinking is not con-

firmed by the results. Three, companies will adapt to the transition which reduces the total transition 

risk.  

The thesis shows that the modelling of climate scenarios to assess potential portfolio impacts is a valu-

able exercise. Despite its shortcomings and limitations, that have been discussed extensively in the pre-

vious sections, the TA-DCF enables a first glimpse at the magnitude of transition impacts in different 

scenarios and fills the academic research gap of missing science-based transition risk frameworks. From 

the empirical insights, implications for decision-making in financial risk management can be derived. 

The findings of this study suggest that portfolio diversification can actually mitigate transition risks in 

the next ten years. Different use cases for the transition risk framework such as the use for active own-

ership in portfolio management are proposed. The results of the TA-DCF could also be utilized to con-

struct low transition risk portfolios. 

The developed TA-DCF model represents only a first step towards a robust climate risk framework. 

Suggestions for future research and improvements of the modelling framework include the construction 

of scenarios until 2050 and 2100. To evolve the model for transition capacity and analyze forward-

looking data in more depth should be one main focus of future research. The use of supply chain data 

could also be explored. Including supply chain data would allow for modelling more interactions be-

tween companies and thereby the consideration of indirect impacts of the transition.  

A desirable future development is the incorporation of the PRI Inevitable Policy Response methodology 

into the scenario building (PRI, 2019d). Instead of a smooth transition with an even speed, more disrup-

tive events should be modelled to make the scenarios more realistic. Lastly, a logical next step is the 

integration of physical risks into the model so that both TCFD risk categories can be assessed. Only 

then, a comprehensive climate risk assessment can be conducted (PRI, 2019d).  

The TA-DCF gives investors the possibility to derive useful information about both risks and opportu-

nities at the portfolio and the company level. The information can be used to compare the transition risks 

of existing portfolios to benchmarks and to construct new investment products. Measuring transition 

risks will not only become increasingly important in the regulatory space, right now is also the time to 

accelerate the transition. According to the UNEP (2019a), global emissions must be reduced by 7.6% 
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annually, starting today, to keep global warming below 2°C. If these reductions are delayed until just 

2025, the yearly decrease has to steepen to 15.5%. Every year of delay will bring more extreme and 

expensive mitigation measures (UNEP, 2019a).  

How many years does humanity have left until we know for sure that we did not do enough to mitigate 

climate change? As the IPCC (2018a) writes, every bit of warming matters, every year matters, and 

every choice matters. In that sense, financial actors need to understand climate change and plan their 

response. Hopefully, climate risk models will do their part to contribute to the greening of the financial 

system.   
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Appendix A: Data Sources 

Table 7. Data sources and metrics 

Data point Metric Description Provider Missing data76 

Financial data 

Revenue USD  Total revenue of a company reported 

in the last annual report (adjusted)  

S&P Capital IQ Company is not mod-

elled 

Revenue 

breakdown 

USD The different revenue streams (seg-

ments) of a company, denominated 

with NAICS codes (North American 

Industry Classification System) 

S&P Capital IQ Assumption that 

company only has 

one revenue stream 

(= total revenue) 

Market capi-

talization 

USD Market capitalization of a company  S&P Capital IQ Company is not mod-

elled 

WACC % Weighted average cost of capital of a 

company 

Bloomberg WACC = 9.6% is as-

sumed77  

Gross Margin % Gross margin, trailing last 12 months Bloomberg An industry wide GM 

is assigned to the 

company.78  

Portfolio data 

ISIN - International Securities Identification 

Number, the 12-character code to 

uniquely identify a security 

Bloomberg - 

Weight % Weight of a security in a specific 

portfolio  

Bloomberg - 

Sustainability data 

CO2 scope 1 

& 2 

t CO2 e Amount of GHG emissions emitted 

by the company and in the energy 

production for the company 

Refinitiv Estimations by a pro-

prietary SEB calcula-

tion model 

Electric Vehi-

cle Production 

# EV Number of electric vehicles manufac-

tured in 2017 

International 

Council on 

Clean Transpor-

tation (ICCT) 

Assumption that 

company does not 

produce EVs 

Total car pro-

duction 

# cars Total amount produced cars for the 

World’s biggest 50 car producers in 

2017 

International 

Organization of 

Motor Vehicle 

Manufacturers 

(OICA) 

No estimation 

Science Based 

Targets 

- Dataset of companies that have set or 

committed to setting SBTs in the last 

24 months 

SBT initiative No estimation 

TPI Manage-

ment Quality 

Score 

0-4 

Dataset of companies evaluated ac-

cording to their management quality 

in regard to climate change 

Transition Path-

way Initiative 

Assumption:  

Score = 0 

TPI Carbon 

Performance 

- Alignment with Paris Agreement 

benchmarks (e.g. 2 degrees, below 2 

degrees, not aligned) 

Transition Path-

way Initiative  

No estimation 

Coal produc-

tion  

MMSt/

y 

Mined coal in million short tons per 

year 

Bloomberg No estimation 

Oil production  Mbbl/d Oil extraction in thousand barrels per 

day 

Bloomberg No estimation 

Gas produc-

tion 

MMcf/

d 

Natural gas extraction in million cu-

bic feet per day79 

Bloomberg No estimation 

                                                      
76 This column describes the process if data is not available (not reported). 
77 9.6% is the average WACC in the MSCI ACWI universe. 
78 The industry-specific gross margin was calculated as the average of all gross margins of companies classified 

in that industry in MSCI ACWI.  
79 This metric had the most available data points in Bloomberg. It was converted to cubic meter and BOE.  
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Total Proven 

Oil & Gas Re-

serves 

MBOE Total proven oil & gas reserves of a 

company worldwide in thousand bar-

rels of oil equivalents  

Bloomberg No estimation (as-

sumption that com-

pany does not have 

bigger reserves) 

Developed Oil 

& Gas Re-

serves 

MBOE Total developed reserves of a com-

pany in thousand barrels of oil equiv-

alent  

Bloomberg No estimation 
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Appendix B: Classification of Fossil Fuel Sub-Industries in 
NAICS System 

Table 8. Oil, gas and coal industries in NAICS 

Color coding: grey - coal, white - oil & gas & coal, blue - oil, orange - gas 

NAICS 

Code 

NAICS Industry Name (US) 

211 Oil and Gas Extraction 

2111 Oil and Gas Extraction 

21111 Oil and Gas Extraction 

211111 Crude Petroleum and Natural Gas Extraction - crude petroleum extraction 

211111 Crude Petroleum and Natural Gas Extraction - natural gas extraction 

211112 Natural Gas Liquid Extraction 

21112 Crude Petroleum Extraction  

211120 Crude Petroleum Extraction  

21113 Natural Gas Extraction  

211130 Natural Gas Extraction  

2121 Coal Mining 

21211 Coal Mining 

213111 Drilling Oil and Gas Wells 

213112 Support Activities for Oil and Gas Operations  

213113 Support Activities for Coal Mining  

2212 Natural Gas Distribution  

22121 Natural Gas Distribution  

221210 Natural Gas Distribution  

324 Petroleum and Coal Products Manufacturing 

3241 Petroleum and Coal Products Manufacturing 

32411 Petroleum Refineries 

324110 Petroleum Refineries 

32412 Asphalt Paving, Roofing, and Saturated Materials Manufacturing 

324121 Asphalt Paving Mixture and Block Manufacturing  

324122 Asphalt Shingle and Coating Materials Manufacturing  

32419 Other Petroleum and Coal Products Manufacturing 

324191 Petroleum Lubricating Oil and Grease Manufacturing  

324199 All Other Petroleum and Coal Products Manufacturing  

32511 Petrochemical Manufacturing 

325110 Petrochemical Manufacturing 

42271 Petroleum Bulk Stations and Terminals 

42272 Petroleum and Petroleum Products Wholesalers (except Bulk Stations and Terminals) 

4247 Petroleum and Petroleum Products Merchant Wholesalers  

42471 Petroleum Bulk Stations and Terminals  

424710 Petroleum Bulk Stations and Terminals  

42472 Petroleum and Petroleum Products Merchant Wholesalers (except Bulk Stations and Terminals)  

424720 Petroleum and Petroleum Products Merchant Wholesalers (except Bulk Stations and Terminals)  

486 Pipeline Transportation 

4861 Pipeline Transportation of Crude Oil 

48611 Pipeline Transportation of Crude Oil 

486110 Pipeline Transportation of Crude Oil 

4862 Pipeline Transportation of Natural Gas 

48621 Pipeline Transportation of Natural Gas 

486210 Pipeline Transportation of Natural Gas 

4869 Other Pipeline Transportation 

48691 Pipeline Transportation of Refined Petroleum Products 

486910 Pipeline Transportation of Refined Petroleum Products 

48699 All Other Pipeline Transportation 

486990 All Other Pipeline Transportation 
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Appendix C: Company Analysis RWE AG 

To demonstrate the functionality of the TA-DCF, the results of the German Utilities company RWE AG 

were detailed in 4.1. Transition Risks of an Example Company. The analysis showed that the com-

pany’s risks from its fossil fuel electric power generation outweighed the expected advantages from its 

renewable segment in all three scenarios. The company was expected to lose profits over the next decade. 

Two key findings are described below.  

(1) CO2 emissions determined the company’s results. 

Because RWE reported remarkably high CO2 emissions, the additional carbon tax costs overshadowed 

all other profit changes. It is debatable if an NPV profit loss of USD 50,655.1 million in the Ambitious 

Transition scenario was realistic, especially because it can be argued that RWE, as a German company, 

already was part of the EU ETS and paid for its CO2 allowances there.80 Therefore, parts of its transition 

risks were already priced in by the market.  

However, the EU ETS is not nearly charging enough per t CO2 to stay well below 1.5oC according to 

IPCC Special Report (IPCC, 2018b).81 A very high cost of carbon is needed to get economies to transi-

tion ambitiously. Therefore, the carbon tax showed that high emitting companies are expected to be 

exposed to large policy risks in the next decade if policy makers start to act soon and forcefully.  

(2) RWE suffered significant profit losses in the Ambitious Transition scenario.  

The analysis of a single company revealed a challenge of the model. RWE was modelled to lose total 

profits accumulating to more than 200% of its current market capitalization. In the TA-DCF a company’s 

transition risks were capped when they grew over 100% of their market cap. RWE experienced signifi-

cant value destruction, even though the company’s transition capacity was assessed as high and its total 

monetary profit losses were halved in the model. It was therefore expected that the company will not 

survive the fast transition to low carbon economies. Instead, it might default.82    

  

                                                      
80 The company reports that they pay for 116 million t CO2e in the EU ETS (RWE AG, 2019).  
81 Before the COVID-19 crisis hit in March 2020, the EU Allowances (EUA) prices were around 23-24€/t CO2 

emitted (data retrieved from Bloomberg).  
82 For further context, RWE has already experienced a significant fall in market capitalization over the last two 

decades (UNEP FI, 2019).  
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Appendix D: TPI Disclaimer 

Upon using data from the Transition Pathway Initiative, the following disclaimer is – as requested by 

the TPI – included in this Master thesis. 

Disclaimer83 

1. All information contained on this website is derived from publicly available sources and is for general 

information use only. Information can change without notice and The Transition Pathway Initiative 

does not guarantee the accuracy of information on the website, including information provided by third 

parties, at any particular time. 

2. This website does not provide investment advice and nothing on the site should be construed as being 

personalised investment advice for your particular circumstances. This website does not take account 

of individual investment objectives or the financial position or specific needs of individual users. You 

must not rely on this website to make a financial or investment decision. Before making any financial 

or investment decisions, we recommend you consult a financial planner to take into account your per-

sonal investment objectives, financial situation and individual needs. 

3. This website contains information derived from publicly available third party websites. It is the re-

sponsibility of these respective third parties to ensure this information is reliable and accurate. The 

Transition Pathway Initiative does not warrant or represent that the data or other information provided 

on this website is accurate, complete or up-to-date, and make no warranties and representations as to 

the quality or availability of this data or other information. 

4. The Transition Pathway Initiative is not obliged to update or keep up-to-date the information that is 

made available on this website. 

5. If you are a company referenced on this website and would like further information about the meth-

odology used in our publications, or have any concerns about published information, then please con-

tact us. An overview of the methodology used is available on our site. 

6. Please read the Terms and Conditions which apply to use of this website. For the avoidance of doubt, 

clause 3.3 of the LSE Terms and Conditions shall be varied and replaced by the following clause: 

3.3 You may download information from the Website for personal or commercial use. In the event of 

any copying, redistribution or publication of copyright material, no changes in or deletion of author 

attribution, trademark legend or copyright notice shall be made. You acknowledge that you do not ac-

quire any ownership rights by downloading copyright material. 

 

                                                      
83 The disclaimer was retrieved from the TPI website, https://www.transitionpathwayinitiative.org/tpi/disclaimer 

[accessed 2020-04-27]. 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


