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Chapter 1 

 

Introduction 

 

 

 

1.1 Overview 

 

Climate change poses a critical challenge to society. To reduce the risks and impacts of 

climate change, countries under the Paris Agreement (UNFCCC, 2015) pursue a goal to limit 

global mean temperatures in this century to 1.5–2 °C above pre-industrial levels. Having a 

2/3 chance of meeting this goal requires anthropogenic carbon emissions1 to be constrained 

to net-zero around 2050 (IPCC, 2018) and up to 80% of the world’s proven fossil fuel 

reserves to be left unused (McGlade and Ekins, 2015).2 As such, climate change requires 

significant societal change. 

Change is required in particular because, to date, the global societal damages caused 

by carbon emissions (IPCC, 2018) are hardly internalized in the decision-making of 

economic actors, such as producers and consumers. That is, economic actors are not held 

(legally) responsible for all social costs they generate and, therefore, these costs do not 

directly feature in their private cost function. Welfare economists see this as one of the most 

severe market ills, being the principal cause of the climate problem (Stern, 2007). A 

theoretically optimal (cost-effective) cure for such ill was already developed more than a 

century ago (Pigou, 1912), which involves shifting the societal costs of emitting carbon to 

the private sources of the emissions. Public policies can help realize this, through direct 

carbon taxation measures and indirect measures such as sector- or technology-specific 

restrictions, standards, or subsidies. 

However, no fully effective cure has yet been implemented. Global carbon emissions 

are still rising, and current policy actions are highly insufficient to realize emission 

reductions consistent with the Paris Agreement (UNEP, 2019). In fact, fossil energy sources 

                                                           
1 Throughout this thesis, I will use the term ‘carbon emissions’ as a shorthand for emissions of seven greenhouse gases (GHGs) 
covered by the Kyoto Protocol: carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), hydrofluorocarbons (HFCs), 
perfluorocarbons (PFCs), sulfur hexafluoride (SF6), and nitrogen trifluoride (NF3). Following common practice, I denote 
GHGs as CO2-equivalents (CO2e), a unit signifying the amount of CO2 that would have an equivalent impact on global warming. 
2 As warming is driven by cumulative carbon emissions (Cook et al., 2013; Matthews et al., 2009, 2018), a given 2 °C warming 
limit implies a maximum amount of carbon emissions or ‘carbon budget’ of 590–1,240 GtCO2e from 2015 onwards, which is 
depleted by 40 GtCO2e/year (Allen et al., 2009; Meinshausen et al., 2009; Rogelj et al., 2016). 
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continue to be heavily subsidized around the world, moving the private costs of emitting 

carbon in the wrong direction (Coady et al., 2017).  

This lack of progress has fueled the debate about the role that markets, particularly 

firms and investors, play in addressing societal problems such as climate change (see, e.g., 

Bénabou and Tirole (2010), Tirole (2017), and earlier discussions on this matter in 

Friedman (1962, 1970), Freeman (1984), Berle and Means (1932), and Dodd (1932)). Bakan 

(2005, p. 31) aptly writes: “Corporations are now often expected to deliver the good, not just 

the goods; to pursue values, not just value; and to help make the world a better place.” 

Indeed, given their significant contribution to the climate problem, multinational firms may 

need to form a big part of the solution (Heede, 2014; IPCC, 2018). To illustrate, Heede 

(2014) estimates that nearly two-thirds of global industrial carbon emissions between 1751 

and 2010 originated in just 90 corporate entities, 50 of which are investor-owned firms. 

Firms’ activities, in turn, are heavily influenced by financial investors, such as institutional 

investors and asset managers. Through their capital allocation decisions, financing terms, 

and extensive involvement in firms’ strategy, they fuel growth or decline of activities and 

technologies. As such, financial investors are considered vital as potential enablers and 

catalyzers of emission-reduction activities (IPCC, 2018; TCFD, 2017; UNFCCC, 2015). 

To effectively and efficiently tackle the climate problem, it is, therefore, essential to 

understand firms’ climate-related impacts, such as carbon emissions, and the financial 

market mechanisms which may incentivize a reduction of such impacts. Despite their 

significant role in the climate problem, much remains unknown about how firms and their 

investors behave and perform in a world in which carbon emissions will increasingly be 

constrained. Are they interested in addressing climate impacts? Is this interest fueled by the 

(prospect of) intensifying climate policies and associated financial risks? Does accounting 

for climate impacts reduce externalized costs, or are these factors already internal to the 

decision to maximize financial performance? This thesis aims to find answers to these 

questions. In four chapters, I will empirically examine the relevance of climate-related 

factors for investment behavior and financial performance: 

 

 Chapter 2 considers a key investor practice that accounts for climate change, namely 

fossil fuel divestment, and studies its implications for risk and return in portfolios; 

 Chapter 3 investigates how firms’ carbon intensity (carbon emissions per unit of 

output) impacts financial risk in individual assets and stock portfolios; 

 Chapter 4 takes an in-depth look into firms’ carbon emissions from a productive 

efficiency perspective and studies associations with financial performance; 

 Chapter 5 explores to what extent firms respond to expectations and uncertainty 

about future carbon constraints through the use of internal carbon prices. 
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1.2 The perspective of climate-related financial risk 

 

What ties these chapters together is an overarching perspective of risk management. This 

perspective is critical to understand better how climate-related factors may influence 

market behavior and financial outcomes. One should recognize that the climate problem 

involves a complex set of interlinked factors, each of which involves tremendous 

uncertainties: e.g., climate models, integrated assessment models linking climate change to 

economic impacts, international and national climate policies and political processes 

(Fawcett et al., 2015; Pindyck, 2013; Rogelj et al., 2016). To firms and investors, the 

resulting uncertainty around future constraints on, and costs of, carbon emissions might 

induce strong anticipating behaviors, which might either support or counteract climate 

policies (cf. Bauer et al., 2018; van der Ploeg and Withagen, 2015). It is thus mainly through 

the channel of financial risk that firms and investors might fall for rising temperatures.  

Climate change poses two main sources of financial risk, often referred to as climate-

related financial risk. First, markets increasingly face uncertain direct financial impacts of 

climate change-related storms, floods, and droughts on physical assets and operations, 

known as physical climate risks (Labatt and White, 2011). Such risks could depress supply 

and productivity of inputs (e.g., Chen and Yang, 2019; Zhang et al., 2018) and carry 

significant positive risk premia (Bansal, Ochoa, and Kiku, 2016). 

In this thesis, I focus on the second source of climate-related financial risk, namely 

transition risk, which is alternatively called ‘carbon risk’. Transition risk refers to the 

uncertainties surrounding the transition towards a lower-carbon economy. Most notably, 

firms have to cope with intensifying but uncertain regulatory actions that attempt to 

mitigate physical climate risks by putting constraints on, and increasing the costs of, carbon 

emissions (Busch and Hoffmann, 2007; CDP, 2019; Labatt and White, 2011). Continuing to 

be relatively dependent on high-emitting production processes, firms may fail to stay ahead 

of future regulations and requirements or perform poorly relative to their competitors in 

this respect. Substantial compliance and adjustment costs may result, such as premature 

write-downs of carbon-intensive assets (CTI, 2011; Carney, 2015; DNB, 2018; ESRB, 2016). 

At the same time, the energy transition may create opportunities for innovations and may 

enhance operational benefits from emission reduction (Ambec and Lanoie, 2008; CDP, 

2019; Lash and Wellington, 2007). 

As such, in an increasingly carbon-constrained world, firms and their investors may 

face incentives to mitigate exposures to uncertain carbon costs, for instance, by reducing 

the dependence on high-emitting production processes and by allocating capital to less-

emitting assets. Given this background, it seems fruitful to examine the relevance of 

climate-related factors from a risk management perspective. 
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A parallel can be drawn between this risk management perspective at the micro level 

and the macro level. For defining socially optimal climate policy, it should be recognized 

that by mitigating climate change ambitiously one gains valuable insurance against the 

worst climate change outcomes; the vast uncertainties in climate and climate-economy 

models thus provide a powerful motive for action rather than inaction (Barnett, Brock, and 

Hansen, 2019; Lemoine, 2017; Pindyck, 2012; van der Ploeg, 2018). In a similar vein, this 

thesis explores if emission-reduction performance in firms mitigates risk and might, 

therefore, be financially attractive. 

 

 

1.3 Falling for rising temperatures 

 

The title of this thesis can be read in two ways. First of all, firms and investors appear to be 

more and more attracted to the issue of climate change. Investors have grown concerned 

about the financial risk associated with increasingly emissions-constrained business 

environments and, therefore, see value in better measurement and management of climate-

related impacts of the firms they invest in (CDP, 2019; Dyck et al., 2019; Eccles, Serafeim, 

and Krzus, 2011; Krüger, Sautner, and Starks, 2020; Persson and Rockström, 2011; Reid 

and Toffel, 2009; TCFD, 2017; Weber, Fenchel, and Scholz, 2008).3 In fact, investors 

increasingly aim to reduce their exposure to high-emitting sectors or firms through 

divestment (Trinks et al., 2018), carbon-tilting strategies (Andersson, Bolton, and Samama, 

2016), or investment in green mutual funds (Ibikunle and Steffen, 2017). The banking sector 

is developing policies against financing high-emitting businesses (RAN et al., 2019), and 

credit rating agencies are increasingly accounting for climate-related financial risk in their 

assessments (Mathiesen, 2018). Finally, financial market regulators underscore a 

fundamental concern on the impacts of climate change and climate policy actions on asset 

pricing, financial stability, and economic growth (Carney, 2015; DNB, 2018; ESRB, 2016; 

TCFD, 2017). In this thesis, I explore an essential economic mechanism that may lie behind 

such an interest in climate-related issues, namely the potential influence of these issues on 

financial risk and performance. 

Alternatively, the title of this thesis could also be read as alluding to the mistaken 

beliefs firms and investors may have about the climate problem. Importantly, however, the 

                                                           
3 This is clear from the wide range of investor-backed initiatives to disclose and reduce carbon emissions, such as the Carbon 
Disclosure Project (CDP), supported by over 525 institutional investors with about USD 100 trillion in assets 
(https://www.cdp.net/en/info/about-us), the United Nations Principles for Responsible Investment (UN PRI), with over 
2,300 signatories representing over USD 85 trillion in assets (https://www.unpri.org/pri), the United Nations Environment 
Programme Finance Initiative (UNEP-FI), representing over 240 financial institutions (https://www.unepfi.org/about/), and 
Climate Action 100, which aims to pressure the world’s largest carbon emitters to decarbonize their activities, currently 
representing 320 investors with more than USD 33 trillion in assets (http://www.climateaction100.org/) (all accessed: 
January 6, 2020). 

https://www.cdp.net/en/info/about-us
https://www.unpri.org/pri
https://www.unepfi.org/about/
http://www.climateaction100.org/
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intention is not to suggest that markets overestimate climate change and its financial 

implications. Instead, the aim is to highlight that the vast uncertainties surrounding climate 

change and the global transition towards lower-carbon production systems may lead firms 

and investors to be mistaken in their responses. Such responses can surely consist of too 

radical, value-destroying actions; yet, it will be more likely that responses turn out to be too 

conservative. Note, for instance, that highly-regarded knowledge bodies such as the IEA and 

IPCC have systematically been underestimating climate change risks and their consequently 

required policy responses (Brysse et al., 2013) as well as technological developments in 

renewable energy (Creutzig et al., 2017). Moreover, markets might not fully recognize that 

respecting the Paris Agreement implies carbon emissions to be constrained roughly three 

to five times faster than current policy commitments do (UNEP, 2019). Therefore, this 

second reading of ‘falling for’ as having mistaken beliefs, while it is not explicitly tested here, 

highlights the relevance of risk management in an increasingly carbon-constrained world. 

 

 

1.4 Contribution 

 

This thesis adds to our understanding of the influence of climate-related factors on 

investment behavior and financial performance. This is relevant for two main reasons. 

First, it contributes to a more precise characterization of external effects, which is 

relevant for optimal policymaking and evaluation of possible roles of firms and investors in 

addressing societal problems (Bénabou and Tirole, 2010). For example, the manifestation 

of negative external effects may be mitigated when societal objectives (e.g., lower carbon 

emissions), coincide with business objectives (e.g., superior resource efficiency and 

financial performance). A better understanding of these interrelationships further helps to 

formulate answers to critical remaining questions about the role of business in society: Do 

socially responsible practices provide solutions to societal problems, independent from 

public policy?; Which practices actually constrain business and reduce externalized costs?; 

And, if externalities are being internalized, who is bearing the costs? Are investors, for 

instance, willing to pay premium prices for assets with low carbon footprints? 

On a side note, these questions also relate to two perspectives on corporate 

governance in popular and academic debate: one which states that private actions to 

address societal issues should be restricted to shareholder interests, while the other 

expands the role of private actors to addressing broader stakeholder interests. However, 

these perspectives might actually resemble two sides of the same coin: both perspectives 

value the internalization of external effects. The question that seems central to the debate is 

which form of corporate governance achieves this best (most efficiently). The dominant 
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answer in finance is that societal problems are best addressed through means external to 

corporate law, e.g., in labor-, consumer protection-, and environmental law (Bénabou and 

Tirole, 2010; Friedman, 1962). But this view does not imply that societal issues are 

irrelevant to business and investment decisions. On the contrary, as I show in this thesis, 

societal issues play an important role in mainstream finance, because of two mechanisms: 

(1) sustainability issues sometimes are ‘financial issues in disguise’: by impacting operating 

performance, stakeholder relations, and firm risk, activities that foster sustainability may 

coincide with financial objectives; and (2) such factors may fulfill (social) preferences of 

firms and investors to reduce environmental impacts for their own sake, independent of the 

potential financial benefits of doing so (Heinkel, Kraus, and Zechner, 2001; Riedl and 

Smeets, 2017).4 In this thesis, I empirically examine the first mechanism and thereby 

contribute to a richer understanding of socially responsible market behavior. 

As a second contribution, this thesis advances the field of sustainable finance in two 

key areas. In the academic literature and practice, much is still to be gained in terms of 

understanding the relevant economic mechanisms driving specific sustainability-related 

behaviors (Dam and Scholtens, 2015; Kölbel et al., 2019). The literature generally takes 

broad indicators of sustainability policies and practices as a given, and studies potential 

relationships between these indicators and financial performance. However, what is being 

measured is often ambiguous (Chatterji et al., 2016; Eccles and Stroehle, 2018). And not 

everything that is being measured matters. This thesis contributes, firstly, by taking an in-

depth look at specific issues relating to environmental impacts, such as carbon intensity, 

carbon efficiency, and internal carbon pricing practices. Secondly, it investigates specific 

economic mechanisms through which environmental impacts may affect financial 

outcomes, most importantly through risk-reduction effects (Albuquerque, Koskinen, and 

Zhang, 2019; Lins, Servaes, and Tamayo, 2017). 

 

 

1.5 What I do not do 

 

The aim of this thesis is to provide a richer understanding of the relevance of climate-related 

factors for investment behavior and financial performance. As such, I do not study the 

environmental outcomes resulting from investment behavior. Yet, understanding this 

reverse relationship is at least as important. For instance, if firms and investors prioritize 

low-carbon investment through internal carbon pricing practices (Chapter 5) and carbon-

                                                           
4 The role of social preferences is acknowledged in the works of free-market proponents such as Rose and Milton Friedman 
(e.g., stating that “self-interest is not myopic selfishness. It is whatever it is that interests the participants, whatever they value, 
whatever goals they pursue” (Friedman and Friedman, 1980, pp. 18–19), and in earlier works of Adam Smith (e.g., arguing 
that “[h]ow selfish soever man may be supposed, there are evidently some principles in his nature, which interest him in the 
fortune of others…” (Smith, 1759)). 
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tilts in asset allocations (Chapters 2–4), this might have distinct impacts on carbon 

emissions. I, therefore, hope that the studies in this thesis open up avenues for future 

research in such directions. 

Secondly, this thesis builds on a standard economic framework that studies behavior 

and outcomes under the assumption of rational and (weakly) efficient markets. However, 

due to market imperfections, such as short-sightedness or information asymmetries, capital 

markets might not fully efficiently price long-run climate-related risks (cf. Barnett, Brock, 

and Hansen, 2020; Bernstein, Gustafson, and Lewis, 2020; Hong, Li, and Xu, 2019; 

Pankratz, Bauer, and Derwall, 2019). Further study is, therefore, needed to identify market 

imperfections and their potential implications for asset allocation, asset (re-)valuations, and 

financial stability. 

Finally, I take a predominantly empirical perspective to study firms’ and investors’ 

sustainability-related behaviors. However, an open question that remains—from a 

normative perspective—is whether these parties can indeed bear social responsibilities 

since this presupposes certain forms of moral agency, which is far from self-evident. In fact, 

corporations have been characterized as anywhere between amoral psychopathic entities 

(Bakan, 2005; also see Velasquez, 1983) and full-blown moral agents (French, 1979) (see 

Hindriks, 2014; List and Pettit, 2011; Orts and Smith, 2017 for contemporary debate on this 

matter). A similar question can be raised in relation to the moral responsibilities of financial 

market participants. Clearly, the study and practice of socially responsible market behaviors 

would benefit from a better understanding of such meta-ethical issues and the roles of 

individual agents within collective action contexts. 

 

 

1.6 Research philosophy 

 

In this thesis, I follow the theoretical frameworks and empirical models that have come to 

be standard in the finance literature. One should, however, recognize that in scientific 

inquiry, particularly in social sciences like economics, empirical analysis is laden with 

theoretical assumptions, interpretations, and frameworks through which the world is being 

analyzed (van Fraassen, 2008). This has important implications, on an epistemological 

level, for one’s views about what scientific inquiry in the field of finance entails and what 

role empirical evidence plays in advancing knowledge. 

To illustrate, I employ standard models in asset pricing, such as the Capital Asset 

Pricing Model (CAPM), to interpret stock returns required by investors as compensation for 

exposure to systematic risk. But does this model represent how the world really is like? Are 

the related theories (e.g., efficient markets), entities and terms (e.g., risk-free rate) true 
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reflections or are they instead social constructions? Do the models describe or—through 

their application in practice—drive investment behavior? Would other models and 

interpretations be consistent with the observed phenomena? And what then is the role of 

standard models in advancing knowledge and informing policymaking? 

In the conclusion and discussion section, I will briefly reflect upon these issues. For 

now, I propose to adopt a particular view of scientific inquiry, which is referred to as 

constructive empiricism (van Fraassen, 2008). This view recognizes that the frameworks 

and models adopted inevitably leave out and distort, and represent empirical phenomena 

in ways that are contingent on the perspectives, interests, and objectives of the researcher. 

As a result, models and empirical measurements represent empirical phenomena in ways 

that are not necessarily ‘true descriptions of the world’, as held by wide-spread (and often 

implicitly endorsed) views of scientific realism, but instead, they are first and foremost 

representations that are useful and meaningful to the researcher. Therefore, the empirical 

analyses in this thesis do not pretend to provide final answers or irrefutable proof about 

how the world is like, but rather seek to be successful in the sense of being empirically 

adequate and useful in light of the specified perspective and purpose (van Fraassen, 2008). 

 

 

1.7 Outline and summary of findings 

 

This thesis is organized as follows. In four chapters, the topic of climate-related financial 

risk is studied from different perspectives: financial investors, firms, and public policy and 

institutions. Each chapter offers an independent contribution to the literature; as such, the 

chapters feature some overlaps but can, therefore, be read on their own. 

Chapter 2 focuses on how investors may account for climate change in capital 

allocation decisions. It studies the increasingly widespread practice of fossil fuel divestment, 

which has been proposed as a means to address both climate-related financial risk and 

social preferences in investment portfolios. Through divestment, investors reduce the 

capital they allocate to firms that contribute to societal concerns. Much like the 1970–1990s 

anti-Apartheid divestment movement addressed human rights violations, fossil fuel 

divestment is employed as a means to address climate change (Hunt, Weber, and Dordi, 

2017). However, by restricting the investment universe, investors might forego potentially 

profitable investments and limit their opportunities to diversify risk. In this chapter, I study 

the risk and return characteristics of fossil fuel industry firms and fossil-free investment 

portfolios. I find that over an extensive time period, divestment of fossil fuel firms has no 

significant negative impacts on risk-adjusted returns and does not impair the possibilities 

for portfolio diversification. These findings can be explained by the relatively limited 
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diversification benefits that fossil fuel company stocks provide to investment portfolios as 

well as the lack of persistent influences of divestment practices on asset prices. 

Chapters 3 and 4 take the perspective of the multinational firm. Climate-related 

financial risk is commonly addressed by evaluating firms’ carbon intensity, also referred to 

as the carbon footprint. In Chapter 3, I employ a portfolio approach to test how high- and 

low-emitting firms are priced in financial markets and panel estimation techniques to 

examine the impact of firms’ carbon intensity on financial risk and, therefore, the cost of 

equity capital. I find little evidence of mispricing related to carbon intensities. Instead, there 

is robust support for a direct positive effect of carbon intensity on systematic risk, which 

suggests that relatively low-emitting firms are significantly less sensitive to macroeconomic 

fluctuations than their higher-emitting peers. Emission reduction might thus serve as a 

valuable risk mitigation strategy. 

In Chapter 4, a more detailed perspective is provided of firms’ dependence on carbon 

emissions in their production activities, and associations with various financial 

performance outcomes are studied. I build on recent advances in production theory to 

evaluate firms’ carbon emission levels relative to those of best-practice (efficient) peers with 

comparable production structures. By accounting for total factor productivity and sector-

relative performance aspects, this measure of carbon efficiency helps to quantify and rank 

firms’ relative dependence on carbon in the production process. Based on panel estimation 

techniques, the chapter documents superior operational performance and lower systematic 

risk in carbon-efficient firms. This effect is partly attributable to the close relationship 

between carbon efficiency and resource efficiency. However, controlling for these effects, a 

positive effect of carbon efficiency on financial performance remains, particularly lowering 

systematic risk. This chapter’s findings, therefore, suggest that carbon-efficient production 

can be valuable from both operational and risk management perspectives. 

Chapter 5 focuses on the role that climate policy and institutional factors play in 

shaping investment behavior. Logistic regression techniques are employed to explore the 

factors behind an emerging corporate practice that may help bring forward emission-

reduction projects, namely internal carbon pricing. I focus on the extent to which this 

practice is explained by expected stringency of, and uncertainty about, future carbon 

constraints. My findings show that firms tend to account for future carbon constraints 

internally when public emission-reduction policies are sufficiently stringent and tangible.  

An integrated perspective is provided in the concluding chapter (Chapter 6). 
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