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1 Abstract

This thesis investigates the impact of incorporating investors' Environmental, Social, and
Governance (ESG) preferences into a general equilibrium asset pricing model on the asset prices
of green and brown assets. Extending the work of Pastor et al. (2021), this study delves into the
intricacies of ESG preferences and their influence on market dynamics and asset pricing. The
primary research questionis: "What is the effect of incorporating investors' Environmental, Social,
and Governance (ESG) preferences in a general equilibrium asset pricing model on the asset prices
of green and brown assets?"

Three hypotheses were formulated to explore this question. The first hypothesis examines the
effect of disaggregating ESG preferencesinto individualcomponents (Environmental, Social, and
Governance) on asset prices. This approach provides a more precise representation of investor
preferences, leading to asset prices that better reflect the distinct ESG characteristics of firms.
The second hypothesis investigates the role of relative ESG risk aversions. Accounting for ESG risk
aversions among investors decreases the equity premium for green assets and increases it for
brown assets, resulting in higher prices for green assets and lower prices for brown assets. The
third hypothesis explores the impact of ESG aversion, revealingthat investors with negative ESG
tastes prioritize negative ESG impacts over positive impacts, resultingin higher prices for brown
assets and lower prices for green assets.

Thefindings from testingthese hypotheses underscore the importance of incorporating a wide
spectrum of ESG tastes and ESG risk aversions into asset pricing models. The results indicate that
these adjustments lead to a more accurate reflection of investor behavior and market dynamics.
This research offers valuable insights for financial institutions, policymakers, and researchers,
highlighting the complex interactions between ESG considerations and asset pricing. Future
research should aim to empirically validate these models and develop theoretical frameworks

with fewer stringent assumptions to capture real-world dynamics better.



2 Introduction

Eighty per cent of global investors now have sustainable investment policies in place (Bondar et
al., 2024). According to a new study by Deloitte and Tufts University (2024), most professional
investors globally have implemented ESG investment policies over the past several years.
Consequently, financial markets worldwide are experiencing an extraordinary boom in new
products and practices in response to this growing demand from investors for investments
labelled as ‘green’, that is, committed to Environmental, Social and Corporate governance (ESG)
principles (Hartzmark & Sussman, 2019; Kriiger et al., 2018; Venturini, 2022). Regulators also
increase their focus on ESG investing. For instance, on August 2"%, 2022, the ‘Suitability Delegated
Regulation’ cameinto effect underthe second Markets in Financial Instruments Directive (MiFID
Il) (Delegated Regulation (E.U.) 2017/565, 2021). Companies that fall under MiFID Il must assess
the suitability of their products and services for clients, ensuring that the client’s ESG preferences
are considered. A client’s investment objectives must include the client’s ESG preferences, and
firms must state in reports how ESG preferences are incorporated and, if not, why. Firms selling
MIFID Il products must also integrate ‘Sustainability Risks’ in their organisational framework and
risk management policy (Delegated Regulation (E.U.) 2017/565, 2021).

Although the attention on ESG activities by companies and investments has surged, it is still
unclear what effects ESG preferences have on the fundamental value of asset prices. The
dynamics of stock prices and the discount rates demanded by investors remain a significant
challenge in financial economics. Since the dawn of the Capital Asset Pricing Model (CAPM) of
Sharpe and Lintner (Lintner, 1965; Sharpe, 1964), researchers have strived to unravel the
complexities of asset prices by developing several asset pricing theories. These theories are driven
to clarify and determine the inherent value of assets within an uncertain market environment.
Understanding the fundamental value enables the calculation of appropriate returns on
investments. The accurate valuation of assets is essential, as incorrect pricing can lead to
inefficiencies in investment and consumption within the real economy.

In this thesis, three versions of an asset pricing model (a general equilibrium asset pricing
model) are created that incorporate the tastes and preferences of investors concerning the ESG

performance of companies.



2.1 Research Problem & Motivation

The demand for green investments is increasing, reflecting investors’ growing emphasis on
sustainability and ethical business practices. As a result, ESG considerations are gradually
becoming more important in investment decision-making, which has created the urge to
adequately improve asset pricing models to account for these changing preferences and asset
components. Pastor, Stambaugh and Taylor (2021) picked up the challenge and analysed the
financial and non-financial effects of sustainable investing through an equilibrium asset pricing
model. Based on agents’ preferences, they show that agents’ tastes for green assets impact asset
prices. Agents are willingto pay more for greener firms, decreasingthe firms’ costs of capital and
creating negative CAPM alphas for green assets. Consequently, agents with stronger ESG
preferences have portfolios that tend toward green assets and earn lower expected returns.

Although agents receive negative CAPM alphas, they are not unhappy because they derive
utility from their holdings. Pastor et al. (2021) propose a utility function that provides utility based
on several factors. First, agents derive utility from the non-pecuniary benefits of holding green
assets and disutility from holding brown assets. Second, agents care about financial wealth and,
thus, the financial returns they make on their holdings. Then, they extend their modeland include
an increase in utility if a firm has a positive aggregate social impact. Lastly, agents additionally
care about climate risk. This climate risk is modelled to decrease the agent's utility due to the
lower quality of life caused by climate change.

The model of Pastoret al. (2021) is quite extensive and incorporates multiple variables into the
employed utility function. However, there isstill potential for further expansionandimprovement
of their model to accurately capture market conditions and investor preferences. The utility
agents derived from green holdings go beyond the general ‘ESG’ tases of the agent (see paragraph
3.3). Altering the model of Pastor et al. (2021) allows capturing a larger spectrum of elements
associated with high ESG performance.

From a practical point of view, the implications of this research are multifaceted. A model that
finds the fundamental value of green and brown assets provides regulators with tools to create
policy interventions, promote the green transition, and improve corporate value creation. By

adjustingtheir encouragement of ESG performance, accordingto the effect ESG performance will
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have on the equity value, they can enhance market risk mitigation and promote sustainable
economic growth.

For investors, including fund managers and pension funds, understanding the impact of ESG
considerations on asset pricingis crucial for optimizing portfolio allocation and risk management
strategies. Including ESG risks in discount rates can lead to improved decision-making by
companies.

Moreover, this research contributes to the broader academic debate on asset pricing models
and utility functions. By refining existing models to reflect modern market reality, the theoretical
foundations of finance are improved, and practical insights are provided that bridge theory and
practice.

In summary, this research seeks to fill a critical gap in current asset pricing models by exploring
the implications of including ESG preferences of investors. In this way, this thesis aims to provide
valuable insights for regulators, investors and researchers while improving the theoretical base

of financial economics in the context of sustainability.

2.2 Research Objectives

The core idea of this thesis is to study the effect of ESG preferences on asset prices. To ensure the
feasibility of thisresearch and its contribution to fillingthe methodological gap, the fundamental
concepts of this study are further specified in this paragraph. These concepts culminate in the
research question of this thesis.

Firstly, this thesis is focused on creating a general equilibrium asset pricing model geared
towards the fundamental value of equities. Under general equilibrium theory, prices are
determined through market prices based on supply and demand. The fundamental value of an
asset isthe natural price, as defined by Adam Smith. The natural price gives the owner a sufficient
profit, dependent on several commodity characteristics (Smith, 1776, p. 72).

Secondly, this thesis is specifically focused on incorporating the ESG preferences of investors in
a general equilibrium asset pricing model and builds on the findings of Pastor et al. (2021).

Combining these concepts produces the following research question:



What is the effect of incorporating investors’ Environmental, Social, and Governance (ESG)
preferences in a general equilibrium asset pricing model on the asset prices of green and brown

assets?

2.3 Research Methodology

The primary methodology is a qualitative theoretical approach where relevant literature is
studied. Mathematical equations are then developed to create an equilibrium asset pricing
model.

Most of the literature has been gathered through Business Source Complete, EconlLit, RuQuest
and Web of Science databases. The databases were searched using the terms ‘asset pricing
model’, ‘CAPM’, and ‘ESG preferences’ and using various synonyms and combinations. The rest
of the literature used has been found through snowballing and searching citations on the

literature retrieved from the databases.

2.4 Thesis Outline

In the following chapters, a literature review will be provided (Chapter 3), and the hypotheses of
this thesis will be developed (Chapter 4). Chapter 5 provides the results of this thesis. The results,
includingthe limitations of thisthesis, are discussed in Chapter 6. Chapter 7 provides a conclusion

and the implications of this thesis.



3 Literature Review

3.1 Introduction

This literature review addresses the research question: “What is the effect of incorporating ESG
preferences of investors in a general equilibrium asset pricing model on the asset prices of green
and brown assets?” The literature review is segmented into four key areas: an overview of ESG
investing, an analysis of common risks and benefits associated with ESG investing, an explanation

of asset pricing models, and a discussion on incorporating ESG into these models.

3.2 ESG Investing

ESG investing uses environmental, social, and governance metrics to guide investment decisions.
This approach is often quantified through ESG scores provided by third-party rating agencies,
which aim to screen investments based on corporate policies and encourage responsible business
practices. Evolving from Socially Responsible Investing (SRI), ESG investing has broadened the
scope of ethical considerations and gained significant traction since the late 20th century
(Townsend, 2020). As the Global Sustainable Investment Alliance (GSI) reported in 2022, the shift
has resulted in substantial asset growth under management. In the five major markets,
sustainable investment assets reached an impressive 21.9 trillion USD, marking a remarkable 20%
increase from 2020 (Global Sustainable Investment Review 2022, 2023). This exponential growth
signifies a broader recognition within the investment community regarding the significance of
ESG factors in risk mitigation and positive financial opportunities. The increasing availability of
ESG data has played a crucial role in facilitating this transition, enabling diverse investors to
incorporate ESG considerations into their investment strategies (Global Sustainable Investment

Review 2022, 2023).

3.3 Risks and Benefits of ESG Investing

This section delves into the dual facets of ESG investing, focusing on the associated risks and
benefits. On the one hand, investors encounter challenges such as ESG divergence, where

inconsistent ESG scores from different rating agencies create uncertainties about a company's
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true ESG impact. This divergence, coupled with potential score inflation, complicates the
evaluation of ESG performance. On the other hand, ESG investing offers substantial benefits,
including non-pecuniary gains where investors derive satisfaction from aligning their investments
with their ethical values. Furthermore, ESG considerations can positively influence a company’s

financial performance and provide significant risk management advantages.

3.3.1 ESG Divergence

One of the most significant risks associated with ESG investingis ESG divergence. ESG divergence
occurs when ESG scores vary widely among different rating agencies, leadingto uncertainty and
confusion among investors about the true ESG impact of a company. Divergence in ESG ratings
can stem from differences in methodologies, scope, and weighting of ESG factors used by rating
agencies. This lack of standardization challenges investors to make informed decisions based on
ESG criteria. The following discussion explores the causes and implications of ESG divergence in
detail.

Berg, Kélbel, and Rigobon (2022) address the significant ESG divergence observed from various
providers. Using data from six prominent ESG rating agencies, their study highlights substantial
discrepancies, with correlations between ESG ratings ranging from 0.38 to 0.71. The authors
attribute this variation primarily to differences in ‘measurement,” accounting for 56% of the
variability, as agencies use different indicators to evaluate equal ESG factors. ‘Scope’ divergence,
which refers to the differences in the ESG aspects that agencies choose to consider, contributes
38% of the variability. The differences in the weighting of ESG components (‘weights’) only
contribute 6%.

Next to divergence, ESG scores might be inflated based on company characteristics or a ‘rater
effect’. Therater effect is the tendency of ESG ratingagencies to adjust the scores of specific ESG
components based on the scores for other components (Berg et al., 2022). This effect shows the
substantial conflict of interestrating agencies have by being paid by the companiesthey are rating
(Berg et al., 2022). Drempetic, Klein, and Zwergel (2020) reveal a notable positive relationship
between firm size and the ESG scores issued by ratingagencies. Theirresultsindicate a potential
bias in ESG scoring that benefits larger corporations, potentially due to their higher capacity to

report and handle ESG-related information.

11



The ESG divergence and score inflation pose significant challenges in evaluating a company’s
ESG performance. It can weaken companies’ motivation to enhance their ESG practices and result
in a fragmented market pricing of ESG actions (Berget al., 2022). Standardised ESG measurements
would simplify the assessment of a firm’s ESG profile for investors and shareholders, provide
borrowers and companies with more precise benchmarks, and encourage more focused efforts

towards sustainability (Berg et al., 2022).

3.3.2 Non-pecuniary Benefits

One of the primary drivers behind the growth of ESG investments is the non-pecuniary utility
investors, who derive from aligning their investments with their environmental, social, and
governance preferences. This alignment reflects investors' ethical values and enhances
shareholder welfare when firms incorporate these preferences into their strategies (Hart &
Zingales, 2017). Several empirical studies support the significance of non-pecuniary benefits in
ESG investing, demonstrating that investor preferences extend beyond conventional financial
gains.

For instance, Bollen (2007) found that flows to socially responsible investment (SRI) mutual
funds are less volatile than those to non-SRI funds. Renneboog et al. (2011) showed that these
flows are less responsive to negative past performance. Additionally, investors in SRI funds
indicate a willingness to forgo financial performance to align with their social preferences (Ried|
& Smeets, 2017).

Amirand Serafeim (2018) present a thorough assessment of the reasons and methods through
which investors use ESG information. They note a substantial increase in companies disclosing
ESG data, from fewer than 20 in the early 1990s to nearly 9,000 by 2016. Ethical concerns drive
ESG investment decisions (Amir & Serafeim, 2018). Nevertheless, the relevance of ESG to
investment (financial) performance is shown to be the primary driver of ESG investments (Amir
& Serafeim, 2018).

Barber et al. (2021) find that venture capital funds that aim for both financial return and social
impact tend to earn lower returns than other funds. They argue that this discrepancy is due to

the non-pecuniary satisfaction investors receive from investing in social impact funds.
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Expanding on this work, Krdussl et al. (2024) explore investors’ expectations, beliefs, and
perceptions regarding ESG investing. Their review emphasises the importance of understanding
investor psychology and the societalimplications of investment choices (Krdussl et al., 2024). They
show that nonpecuniary benefits, such as ethical alignment and social responsibility, are vital in
shaping investor preferences and strategies in ESG investing (Krdussl et al., 2024).

Duchéne et al. (2022) add nuance to the debate by studying the impact of environmental
externalities on portfolio decisions through an experiment involving finance professionals and
students. Their findings reveal that participants accepted lower returns for investments with
positive environmental impacts, illustrating the non-pecuniary benefits of such investments.
However, they were reluctant to take higher risks for these benefits, especially when portfolios
became riskier. This tendency is supported by Bansal et al. (2022), who show that investors'
demand for SRI decreases in dire economic conditions, indicating that wealth influences the
degree to which investors prioritize ESG criteria.

Overall, these studies collectivelyillustrate that non-pecuniary benefits play a significant role in
the growth and dynamics of ESG investing, shaping investor behaviour and preferences in

complex ways.

3.3.3 Financial Performance Benefits
Another primary driver behind the growth of ESG investingis itsimpact on financial performance.
A significant body of research has explored the potential positive relationship between a
company's financial performance (FP) and its ESG performance. Traditional neoclassical
perspectives suggest that engaging in ESG activities imposes additional costs on companies,
potentially leading to a decline in financial performance. For instance, investments to reduce
emissions or increase resource efficiency might be seen as excessively costly compared to
conventional methods, thereby affecting profitability (Hassel et al., 2005; Palmer et al., 1995;
Semenova & Hassel, 2008; Rassier & Earnhart, 2011; Sueyoshi & Goto, 2010)

However, this classical view has been increasingly challenged. A meta-review by Friede et al.
(2015) of over 2200 individual studies revealed a positive relationship between ESG and financial

performance. Approximately 90% of these studies found a non-negative ESG—FP relation, with
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79.2% showing positive findings and an average correlation of around 0.15, indicating stable
positive correlations since the mid-1990s.

Building on Friede et al. (2015), Velte (2017) examined the connection between ESG factors and
financial performance in German-listed companies. His analysis of 412 firm-year observations
reveals that ESG positively impacts the Return on Assets (ROA). However, there is no significant
effect on Tobin’s Q. Furthermore when examiningthe individual components of ESG, governance
performance emerges as the most influential factor on financial performance. Yoon, Lee, and
Byun (2018) extended this analysis to the Korean market, showingthat ESG practices contribute
to firm market value. However, the impact varied dependingon firm characteristics and industry
ESG sensitivity, with governance practices driving market value for large family-run
conglomerates (chaebols).

Despite these positive findings, the relationship between ESG and financial performance is not
uniformly positive. Duque-Grisales and Aguilera-Caracuel (2021) provided a more nuanced view,
showinga significant negative correlation between higher ESG scores and ROA for Latin American
multinationals (Multilatinas). Their study highlighted the moderating effects of financial slack
(liquid assets without specific commitments) and geographic international diversification on the
ESG—FP relationship.

Adding further complexity, Fatemi et al. (2018) examined the role of ESG disclosure levels in
firm value. They found that transparency in ESG practices could have dual effects. While it might
reduce the perceived value of ESG strengths due to greenwashing concerns, it could also mitigate
the negative impact of ESG weaknesses by demonstrating accountability. Xie et al. (2019)
supported these findings, identifying an optimal level of ESG disclosure that balances operational
efficiency and stakeholder insights without overwhelming them with irrelevant information or
increasing administrative costs.

In summary, the financial performance benefits of ESG investing are multifaceted and context-
dependent. While many studies indicate a positive relationship between ESG practices and
economic performance, variations across markets, industries, and disclosure levels highlight the

need for a nuanced understanding of how ESG factors influence financial outcomes.

14



3.3.4 Risk Management Benefits

Beyond direct financial performance and non-pecuniary benefits, ESG investing offers significant
advantagesin risk management. ESG factors can serve as a hedge against various risks, enhancing
the stability and resilience of investments.

Historically, withinthe context of risk management, the focus lay on the hedging capabilities of
Corporate Social Responsibility (CSR) activities. Godfrey et al. (2009) explored CSR as a risk
management tool, proposing that CSR initiatives act as an 'insurance-like' safeguard for
companies. Their study found that firms engaged in CSR activities experienced significantly less
decline in Cumulative Abnormal Returns (CAR) around adverse events. CSR activities create
positive perceptions among supervisory authorities and stakeholders, helping to mitigate
penalties and negative judgments during challenging situations.

More recent studies have underscored the importance of ESG factors in corporate risk
management. Sassen et al. (2016) analysed the influence of ESG factors on market-based firm risk
in Europe, revealing a nuanced relationship between social performance and firm risk. Their study
found that improving social performance decreases total and idiosyncratic risk, while
environmental performance primarily reducesidiosyncraticrisk. However, corporate governance
performance did not significantly influence firm risk, highlighting the complex dynamics of ESG
factors in risk mitigation.

Kumar et al. (2016) take a different approach by using a quantitative model to assess the risk-
adjusted performance of companies thatincorporate ESG factors compared to those that do not.
Theirresearch reveals that ESG companies display decreased volatility in stock performance when
contrasted with their non-ESG counterparts, indicating a concrete advantage in risk mitigation.
Remarkably, this risk reduction does not compromise returns: Kumar et al. find that ESG
companies exhibited superior returns, challenging the traditional financial belief that lower risk
inevitably leads to lower returns.

Verheyden, Eccles, and Feiner (2016) specifically focus on the quantitative impact of ESG
screening on investment portfolios, offering valuable insights for risk management and
investment strategy development. The results of their analysis show that portfolios that

incorporate ESG screening not only maintain returns but also have the potential toimprove risk-
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adjusted returns. This improvement shows again that there could be a win-win game regarding
ethical considerations and financial performance.

Lastly, Moallaand Dammak (2023) present a detailed analysis of the relationship between ESG
performance and stock market volatility in the context of the COVID-19 pandemic. By examining
500 U.S. companies listed on the S&P 500, the authors find that strong ESG performance is
associated with decreased stock price volatility during the pandemic. This decrease in volatility
highlights the additional potential of using ESG investing as a risk management tool in times of
crisis.

The negative implications of low ESG performance have also been studied. Luo and Balvers
(2017) identified a premium for boycott risk, which arises when socially responsible investors
avoid stocks of companies producing alcohol, tobacco, and gaming (sin stocks). His avoidance
increases the risk for other investors, who demand extra compensationfor holdingthese stocks,
leading to a premium for systematic boycott risk. Hoepner et al. (2023) found that ESG
engagement reduces firms’ downside riskand exposure to a downside risk factor, which refers to
the market's potential undervaluation of assets or sectors due to unforeseen challenges or
liabilities faced by companies with poor ESG performance. These factors can negatively impact
financial performance and market valuation.

In summary, ESG investing provides significant risk management benefits by reducing volatility,
enhancing resilience during crises, and mitigating downside risks. These advantages, alongside
the ethical and financial performance benefits, make ESG considerations an essential component

of modern investment strategies.

3.4 Asset Pricing Models

An asset pricing model (APM) is a theoretical framework designed to determine the expected
return on an asset, offering insights into the fundamental value of financial assets. The
fundamentalvalue of an asset is the natural price: a price that gives the owner a sufficient profit,
dependent on several characteristics of the commodity (Smith, 1776). APMs are elementary tools
in finance, aidingresearchers, investors, portfolio managers, and policymakers in understanding

how different risk factors influence asset prices. At their core, these models explain the variations
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in asset prices and the relationship between expected returns and an asset’s risk characteristics.
By quantifying the connection between risk factors and return, APMs facilitate the construction
of optimal portfolios, efficient capital allocation, and effective risk management strategies. They
incorporate various economic and financial principles, such as market efficiency, investor
behaviour, and equilibrium mechanisms. They provide a systematic approach to evaluating
investment opportunities in complex financial markets.

The beginning of APMs lies in the work of Harry Markowitz (1952). His Modern Portfolio Theory
introduced the concept of mean-variance efficiency, emphasizing the importance of
diversification and the trade-off between risk and return. This trade-off involves distinguishing
between several types of risks: systematic risks (which cannot be eliminated through
diversification and are inherent to the market) and idiosyncratic risks (which are specific to a
particularassetand can be mitigated through diversification). According to Markowitz, investors
should choose portfolios not just based on expected return but also considering the variance of
portfolio returns, leading to efficient portfolios that maximize returns for a given level of risk or
minimize risk for a given level of return.

The Single Index Model is then introduced as a practical application of the Modern Portfolio
Theory (Sharpe, 1963). Sharpe’s model simplifies the complex covariance analysis required and
proposes that the return on any asset can be described by its relationship with a single market
index and a security-specific return. The computational requirements for portfolio optimization

are drastically reduced, allowing for analysing a significantly larger number of securities.

3.4.1 Capital Asset Pricing Model

Building upon the foundational work of Markowitz and Sharpe, William Sharpe (1964) and John
Lintner (1965) developed the Capital Asset Pricing Model (CAPM), marking a significant
breakthrough in asset pricing theory. The CAPM theorizes a linear relationship between the
expected return of an investment and its beta, a measure of the investment’s systematic risk
relative to the market. This revolutionary model provided a straightforward yet powerful
frameworkto compute how market risk should be compensated inthe expected returns of assets,

distinguishing between diversifiable (unsystematic) and non-diversifiable (systematic) risks. The
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introduction of CAPM was a critical moment in the evolution of financial theory, setting the stage
for decades of research and debate (Rossi, 2016).

At its core, the CAPM ponesthatthe expected return on an asset equals the risk-free rate plus
the asset's beta times the market risk premium. The market risk premium is the difference
between the expected return on the market portfolio and the risk-free rate.

The CAPM simplifies the complex task of evaluating risk by reducing it to a single factor: beta.
Beta measures the sensitivity of an asset's returns to the market portfolio's returns. An asset with
a beta greater than one is considered more volatile than the market, while an asset with a beta
less than one is considered less volatile.

Black (1972) extended the CAPM by exploringthe implications of limited borrowing on capital
markets. He proposed a variant of the CAPM that accounts for scenarios where investors are
restricted from borrowing at the risk-free rate. This variant led to a market equilibrium where the
expected returns on assets are influenced by their market beta and other factors introduced by

borrowing constraints.

3.5 Asset Pricing Models with ESG

Including environmental, social, and governance (ESG) factors in asset pricingmodels (APMs) is a
relatively recent development from empirical work on the implications of ESG risks. As discussed
in previous sections, ESG performance significantly affects various company risks, and evidence
suggests that green assets often underperform compared to brown assets. This insight is
supported by the findings of Barber et al. and Hong and Kacperczyk (2009), who noted that sin
stocks often outperform non-sin firms.

Heinkel, Kraus, and Zechner (2001) model environmental ethics directly into the financial
market’s equilibrium framework. They demonstrate that through exclusionary practices, ethical
investing can effectively alter a firm’s cost of capital by reducing the pool of potential investors
for non-compliant firms. This alteration incentivises polluting firms to adopt greener practices
and attract ethical investors. Their approach quantifies the impact of green investment

preferences on corporate behaviour in a risk-averse equilibrium setting.
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Fama and French (2007) extended traditional asset pricing models by incorporating non-
financial motivations and investor disagreements about future payoffs. Their model shows that
when non-financial considerations influence many investors or hold divergent beliefs about
future asset payoffs, notable differences in asset prices can emerge. This model also suggests that
relative wealth and specific investor behaviours might explain some anomalies within the CAPM,
such as size, value, and momentum effects.

Pedersen, Fitzgibbons, and Pomorski (2021) introduced a model incorporating ESG
considerations into portfolio choice and asset prices. Their model defines an ESG-efficient
frontier, helping investors maximize their portfolios’ Sharpe ratios while achieving desired ESG
levels. This approach reveals that assets with high ESG scores can have lower expected returns
due to the non-pecuniary benefits of holding socially responsible investments. However, it may
offer higher returns during positive ESG-related shocks, reflecting changes in consumer and
investor preferences towards sustainability.

ESG criteria can also be implemented into an investor’s utility function. Ahmed, Gao, and
Satchell (2021) demonstrate that investors who value ESG factors alongside financial wealth can
achieve enhanced utility without givingin on return performance. Pastor, Stambaugh, and Taylor
(2021) continue the implementation of ESG considerations in investors’ utility functions. Their
model proposes that green assets have lower expected returns for two main reasons: investors
derive utility from holding these assets, and these assets serve as a hedge against climate risk.
Despite their lower expected returns, green assets can outperform when positive shocks to the
ESG factor exist. This shock is manifested through the changes in consumers’ and investors’
preferences for green products and investments—this ESG factor and the market portfolio
efficiently price assets within a two-factor model.

Their findings showed the implications of sustainable investing on both financial markets and
real-world corporate behaviours. Anotableoutcomeisthe predictionthat a substantial presence
of green investors in the market can lower green firms’ capital costs. These lower capital costs, in
turn, incentivize firms to adopt greener practices, thereby having a tangible positive impact on

the environment. The study also suggests that the size of the ESG investment industry is
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contingent upon thevarianceininvestors’ ESG preferences, markinga significant contribution to
understanding the economic forces behind the growing trend of sustainable investing.

Moreover, the model challenges conventional notions within asset pricing by demonstrating
that the ESG factor does not solely operate on risk aversion but is fundamentally driven by
investor utility derived from ESG characteristics. This insight provides a comprehensive
framework to explain why investors might willingly accept lower expected financial returns in
exchange for the non-pecuniary benefits of holding green assets.

Escobar-Anel (2022) explores integrating ESG considerations into portfolio optimization by
assigningrisk aversion levels to green and brown assets. He employs a multivariate utility model
and demonstrates that investors’ different risk preferences towards green and brown stocks
significantly influence optimal asset allocation. The multivariate utility model leads to an
increased investment in green assets when investors are less risk-averse towards them.

Grim, Renzi-Ricci, and Madamba (2023) create a model that allows investors to simultaneously
optimize for financial goals and personal ESG tastes, eliminating the need for ‘one size fits all’
solutions. Practical case studies demonstrate that the intensity of non-pecuniary preferences,
typical financial expectations, and risk preferences significantly influence optimal portfolio
choices. One illustrative case study they conducted involves varying the ESG Propensity Score,
which reflects an investor’s non-financial utility from investing in ESG-aligned assets. They
examine scenarios where this score is adjusted, showing how it affects the allocation to ESG
versus conventionalfunds within a portfolio. The study highlights a trade-off between pecuniary
and non-pecuniary preferences, revealingthat as the non-pecuniary ESG preference increases,
along with specific risk aversion levels, the optimal portfolio choice shifts towards a higher
allocation in ESG investments.

One challenge in incorporating ESG factors into asset pricing models is the divergence and
inflation of ESG scores. C. Fei and W. Fei (2024) addressed this issue by modelling the dynamics
of principal-agent relationships under Knightian uncertainty, where the probability of outcomes
is unknown. They showed that higher levels of uncertainty regarding ESG ratings encourage firms
towards greener initiatives. However, this comes with a nuanced trade-off affecting expected

returns for investors and the incentive mechanisms for managers.
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Rojo-Suarez and Alonso-Conde (2024) implemented an expanded version of Pastor,
Stambaugh, and Taylor’s (2021) model to examine the influence of changing investor ESG
preferences on the explanatory power of the market portfolio in asset pricing. Their findings
indicate that as the market portfolio’s ‘greenness’ increases, the traditional CAPM begins to
capture ESG factors. Specifically, their analysis of U.S. equity markets revealed that brown assets
display negative ESG betas, suggesting a negative price of ESG risk that trends towards zero over
time. This implies that public efforts to enhance corporate ESG performance could effectively
lower the cost of capital, especially during periods of decreasing corporate ESG performance.

These studies underscore the growing importance of integrating ESG factors into asset pricing

models, providing a more comprehensive understanding of how these considerations affect

financial decision-making and financial markets.
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4 Hypotheses
4.1 First Hypothesis

Buildinguponthe literature review of asset pricing modelsand the integration of ESG aspects into
financial analysis, this research explores the nuanced impacts of ESG preferences on asset prices.
The work of Pastor et al. (2021) is taken as the basis for considering how ESG preferences
influence the prices of green and brown assets. The authors propose a specific utility function as

a part of their model:
V(Wy, X;) = —e~4iWi-hiXi (1)
This formula contains both a financial (4; W, ;) and non-financial (b; X;) component. Specifically,
the term W,; denotes the wealth at time 1, which includes the return on the wealth from time 0

(Wp;). Wy; thus represents the financial outcome of the agent's investment decisions. An increase

in Wy; results in a higher utility, as the exponential function —e ~4iW1i~biXi comes closer to zero
due to the increased magnitude of the negative exponent. The parameter A;, denotingabsolute
risk aversion, measures the agent's aversion to financial risk. A higher A; signifies greater risk
aversion.

The term b; X; represents the nonpecuniary benefits derived from holding green stocks, where
b; capturesthe agent's preference for stocks with ESG attributes and X; is the fraction of wealth
allocated to these stocks. An increasein either b; or X; leads to a higher utility, as the enhanced
nonpecuniary benefits are reflected in the exponent of the utility function. This effect
underscores the agent’s valuation of ESG benefits alongside financial returns.

The non-pecuniary ESG preference (b;) is broad and does not separate the specificE, S, or G
components. However, the stakeholder theory presented by Freeman and others stress that
different stakeholders may prioritise E, S, and G factors differently, impacting their investment
decisions (Donaldson & Preston, 1995; Freeman, 1994, 2010; Mitchell et al., 1997; Werhane &
Edward Freeman, 1999a; Wood, 1991). This suggests that the separation of ESG preferences
could more accurately reflect the complex preferences of investors, thereby potentially
influencing asset prices. This diversityis not just a theoretical consideration but a practical reality

(Daugaard et al., 2024). Sin stocks, for instance, have shown variation in their returns and pricing
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due to divergent investor opinions on ESG matters (Hong & Kacperczyk, 2009). Therefore,
recognizing differences in non-pecuniary E, S, and G preferences allows for a more precise
mappingofinvestor utility functionsand, consequently, would increase the ability to capture the
complex relationship between investor preferences and asset prices. This thesis intends to study

the effects of including such a divergencein E, Sand G preferences of investors, and the according

hypothesis is:

H1.The divergence of an agent’s ESG preference into Environmental, Social and
Governance preferences, incorporated in the agent’s utility function, has an effect on

the prices of green and brown assets.

The expectation isthatincorporating distinct Environmental (E), Social (S), and Governance (G)
preferences will provide a more detailed and accurate representation of investor utility. This
approach will lead to a more differentiated market where green and brown assets are priced
according to specific ESG components rather than a single aggregated score. While separating
ESG scores may not drastically alter the overall range of asset prices, it is expected to resultin
prices that more realistically reflect the current spectrum of green and brown assets. This
differentiation should allow for a more precise alighment of asset prices withinvestor preferences

based on each asset's distinct E, S, and G attributes.

4.2 Second Hypothesis

Traditionally, models like those developed by Pastor et al. (2021) have not incorporated the
relationship between an agent’s wealth and ESG preferences. Specifically, in these models, the
nonpecuniary benefit term (b;) is independent of the agent's wealth and unaffected by ESG-
related risks. The independence means that the utility derived from ESG preferences remains
constant regardless of changes in wealth or the risk profile of ESG investments, thereby not fully
capturing the dynamic interaction between financial outcomes and ESG motivations in
investment decisions.

The absence of this consideration may overlook critical aspects of investor behavior and market
dynamics. Duchéne et al. (2022) demonstrate that investors are willing to accept lower returns

for positive environmental impacts, though their tolerance for risk declines in scenarios of
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increased market risk. This behaviour follows the findings of Bansal et al. (2022), who show that
the demand for socially responsible investments (SRI) depends on the investors’ economic
circumstances. It further indicates that during economic downturns or periods of increased
market volatility, the preference for SRIs fades. Given that wealth depends on the state of the
economy, wealth levels influence the degree to which investors prioritize ESG investments and
moderate the non-pecuniary benefits derived from such investments. This wealth-dependent
moderation of ESG preferences presents a compelling case for integrating a direct relationship
between wealth levels and ESG preferences into the utility function of investors within asset
pricing models.

A second factor that could be reconsidered is the risk aversion of agents. Pastor et al. (2021)
assume a constant level of risk aversion and do not create a connection between risk aversion
and holding green or brown assets. On the other hand, Holt and Laury (2002) have shown that
individuals' risk aversion significantly increases with higher monetary stakes. This finding
challenges the traditional economic assumption of constant relative risk aversion and hints
towards different levels of risk aversion in various domains. loannou and Sadeh (2016) build on
thatand investigate the differences in risk aversion across monetary and environmental domains.
They assess how individuals'time preferences andrisk aversion vary between these two domains.
While their findings indicate that time preferences remain consistent, they reveal a significant
increase in risk aversion in the environmental domain compared to the monetary domain.
loannou and Sadeh also confirm that women are generally more risk-averse than men in both
domains. Their study underscores the need to consider and incorporate domain-specific risk
aversion when modellingagents’ behaviour, especially in an environmental context. Escobar-Anel
(2022b) took up that challenge and implemented a multivariate risk aversion in an ESG investment
model. The study proposes the concept of multi-attributive utility, which allows investors to apply
differentrisk aversion levels to various asset classes, thereby aligninginvestment strategies with
their ESG preferences. He showed that incorporating risk aversion levels for green and brown
stocks can significantly increase green investments. Specifically, the numerical analysisindicates
up toa33%rise in green stockallocations when investorsrecognize different risk profiles for ESG-

related assets.
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To address these gaps, relative ESG risk aversion is employed to incorporate the effect of wealth
levels on the non-pecuniary benefits of holding green or brown assets. This approach also
accounts for absolute risk aversion but focuses on "greenness risk aversion" rather than financial
loss. ESG risk aversion in the context of this thesis refers to the risk aversion towards companies
not having positive ESG impacts, reflecting concerns about the ESG impact of investments. The

according hypothesis is:

H2. The direct relationship between an agent’s relative ESG risk aversion and its ESG
preference, incorporated in the agent’s utility function, has an effect on the prices of
green and brown assets.

By incorporatingrelative ESG risk aversion to reflect the varying sensitivity of investors to ESG
risks, the expectation is that this adjustment will better capture the interplay between financial
outcomes and ESG motivations. The anticipated effect is that higher relative ESG risk aversion
towards ESG risks will decrease the equity premium of positive ESG investments, reflecting the
acceptance of lower compensation for decreased perceived ESG risks. This decrease in equity
premium is expected to influence the pricing of green and brown assets based on the impact of
their ESG characteristics (ESG score).

For green assets with higher ESG scores, the anticipated decrease in equity premium means
that these assets might increase in price. Investors accepting lower returns for green assets will
take higher prices. However, the equity premium would increase for brown assets with lower ESG
scores and lead to relatively lower prices. As these assets are perceived to have more ESG-related
risks, the lower equity premium requirement will be less pronounced, making them more

attractive to investors seeking higher returns with additional ESG risks.

4.3 Third Hypothesis

A third aspect of investor ESG preferences that remains unexploredis the possibility of negative
ESG tastes. To avoid any uncertainty regarding this concept, 'ESG aversion' or 'negative ESG tastes'
will be used. ESG aversion, in short, refers to the preference for holding stocks with a negative

ESG impact.
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The ESG preference proposed by Pastor et al. (2021) is based on a variable (b;) that provides
the non-pecuniary benefits of holding the stock. That benefit factor has an agent-specific (d;) and
firm-specific (g, ) component.

b; = d;gn (2)

The agent-specificcomponent (d;) is the degree of an agent’s ESG taste and isequal to or larger
than zero (d; = 0). However, ESG tastes can fluctuate based on economic conditions and personal
wealth levels (Bansal et al., 2022; Duchéne et al., 2022). Building upon this argument suggests
that there may be instances where economic conditions appear bleak, and individuals have
limited wealth, leading to a desire for greater returns and favouring potential negative ESG
impacts. Sin stocks, for instance, have been shown to have lower ESG scores than companies in
less harmful industries (Paradis & Schiehll, 2021). Sin stocks in portfolios suggest that some
investors actively seek out investments with harmful ESG impacts in anticipation of higher
returns, challenging traditional models that primarily account for positive ESG preferences. To
incorporate this ESG aversion into an asset pricing model, it is necessary to reassess the utility
function proposed, buildinguponthe model of Pastor et al. (2021). By extendingthe range of ESG
preference to include negative values, the asset prices of green and brown assets would be
affected differently than the original showed. The according hypothesis is:

H3.The impact of an agent’s ESG aversion on the asset prices of green and brown assets
differs from the effect of an ESG preference.

The expectationisthatincorporating ESG aversion into the utility function will reveal thatsome
investors prioritize negative ESG impacts over positive impacts, thereby favouringbrown assets.
This adjustment is anticipated to result in lower prices for green assets and higher prices for
brown assets, reflecting investors' negative preferences towards ESG characteristics. The
increased demand for brown assets is expected to drive their prices up, while green assets with

positive ESG scores will experience a decline in prices due to reduced demand.
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5 Results

This Chapter delves into the initial asset pricing model proposed by Pastor et al. (2021) and the
three hypotheses. The hypotheses incorporate various modifications to understand their
influence on asset prices, mainly focusing on ESG preferences. The functions within each model
are numbered, restarting at (1) for each new model.

The chapter presents the original model as the foundation for the hypotheses (paragraph 5.1).
The first hypothesis examines the impact of disaggregating ESG preferences into distinctE, S and
G components within an agent's utility function (paragraph 5.2). The second hypothesis explores
the incorporation of relative ESG risk aversion into the utility function (paragraph 5.3). The third
hypothesis addresses ESG aversion by extending the range of ESG preferences to include negative
values (paragraph 5.4). To illustrate the implications of these hypotheses and a more intuitive

understanding of the effects, plots of various functions are presented (paragraph 5.5).

5.1 The Original Model

To examine the three hypotheses, it is essential to understand the initial model first. Therefore,

this paragraph will provide the initial model of Pastor et al. (2021).

5.1.1 Utility Function
The model considers a single time period fromtime 0 to time 1. The model hasN firms,n=1, ...,
N. The return of a firm n’s shares above the riskless rate (r¢) is denoted by 7;,. 7 isthe N x 1 vector
of which the nth element is 7;,. The model assumes 7 is normally distributed with:
F=p+é (1)
The p denotes the equilibrium expected excess returns, and the error term is normally
distributed € ~ N (0, o). The expected return on a stock is denoted by u, and the variance by o.
Next to financial returns, firms also have a non-financial impact in the form of “ESG
characteristics”. The ESG characteristic of each firm, denoted by g,,, can be positive or negative,
representing the firm's ESG impact on the world. A positive ESG impact indicates that the firm
contributes positively to environmental, social, and governance criteria, such as reducing carbon

emissions. In contrast, a negative ESG impact suggests that the firm has adverse effects on these
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criteria, like contributing to pollution. However, it is essential to note that there is no clear
definition of ESG and its impacts, which can vary significantly across different contexts and
evaluations.

Agents trade firms' shares and risk-free assets. The risk-free asset maintains a zero net supply,
while each firm's stock has a positive net supply.

X;isa N x 1 vector whose nth element is the fraction of the agent i's wealth invested in stock
n. The agents’ wealth at time 0 is denoted by W,; and the wealth at time 1 by W;; = Wy; (1 +
1 + X;'T). Agents gain utility through wealth and holding green stocks (g > 0) dependingon their
ESG preference. The ESG preference of agent i is denoted by d;. Agents with higher values of d;
have more pungent ESG tastes. The preference interacts with the ESG characteristicof a firm (g)
and provides the nonpecuniary benefit of holding the firm’s stock with:

b; = gd; (2)
g isan N x 1 vector whose nth elementis g,,. Each agent then gains utility based on the following:
V(Wy, X;) = —e AiWwi—hiXi, (3)

The A; denotes the agent’s absolute risk aversion.

5.1.2 Expected Returns

Given the small size of their holdings (infinitesimal), agents consider asset prices and returns as
fixed when determining their portfolio distribution at time 0. Agents are assumed to be rational
and seek to maximize their utility when making these portfolio decisions. To achieve utility
maximization, the First Order Condition of formula (3) is derived for X;. This process first involves
rewriting the utility function based on the agent's expected utility.

E[V(Wy;,X;)] = E[—e~4iWaibiXi]
— E[_e—Ain'(1+rf+Xilf)—biXi]'

The a; = A;W,; is the agent i's relative risk aversion. It is assumed that a; = a for all agents.
Although risk aversion varies among individuals, this simplification is made for three reasons.
First, it enhances analytical tractability, allowing more precise and interpretable results. Second,
it facilitates comparative analysis by isolating the effects of other variables on portfolio
distribution and asset prices. Third, it enables the examination of financial components of the

entire market and the interactions between the agent and the market, such as the agent's
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portfolio investment weight based on the market portfolio's components and the greenness of
the ESG portfolio in the market.
— _e—a(1+rf)E[e—aXi(f+1/abi)]
Given the lognormality of 7, the property of the expectation of an exponential functionis used

for a normally distributed variable, leading to the simplification:
— _e—a(1+rf)e—aXi(E[f]+1/abi)+1/2a2Xl-2Var[f']_
E[ V(Wu:Xi)] — —g—a(1+rp) g—aXi(u+1/gb;)+1/pa?xt o
Maximizing this function for X; gives:
—a(u + 1/, b))+ a*X;oc =0
X = 1/a0_1(11‘|' 1/abi)- (4)

The function represents the optimalasset allocation for an agent seeking to maximize utility. If
the relative risk aversion a increases, the fraction of wealth invested in stocks X; decreases,
reflectinga more conservative investment approach. Anincrease in the expected excess return u
leadsto a higher allocation to stocks, as the potential for greater returns makes these investments
more attractive. Higher stock volatility o reduces X;, demonstrating the agent's aversion to riskier
assets. Additionally, an increase in the nonpecuniary benefit b; boosts the stock allocation, as
agents derive additional utility from holding stocks with desirable ESG characteristics.

The ratio of the agent i's initial wealth to the total initial wealth of all agentsis defined by w; =
Wy /Wyand Wy = fi W,; di.The vector of weights in the market portfolio isa N x 1 vector defined
by w,,, and due to the assumptionthat the riskless asset is in net zero supply, w,, must satisfy:

W, = [0 X; di
wn=atolu+a%07dg. (5)

Where d; is the wealth-weighted mean of the ESG preference of all agents: d = [ w;d; di.
'w,, = 1, with t denoting an N x 1 vector of ones. If the average ESG preferences in the market
(d) and the ESG score of the company (g) increases, the allocation to these assets in the market
portfolio rises. Solving equation (5) for u gives:

u=aow, —aldg. (6)
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Contrary to the weights in the market portfolio (w,,), the expected returns decrease if the
average ESG preferences in the market (d) and the ESG score of the company (g) increases.
Premultiplying this equity premium with u,,, = w’,,,u gives the market equity premium:
Uy = acZ —a~tdgw',, (7)
02, = w',,ow,, isthe market variance. The equity premium depends on the level of relative risk
aversion, the variance of the market and the average ESG taste through gw',,, which are the
overall ESG scores of the market portfolio. Suppose the market portfolio has net positive ESG
scores. In that case, stronger ESG tastes reduce the equity premium and vice versa if the market
portfolio has net negative scores. It is assumed that the market portfolio is ESG-neutral for
simplicity. ESG-neutral means that the negative scores of bad-performing firms balance out the
positive scores of good-performing firms.
wmg =0 (8)
This would imply that the equity premium of equation (7) is independent of the agent’s ESG
tastes. ESG could also be defined as increasing agents' utility because these companies score
higher than the market. Using this insight and combining equations (7) and (8) implies that a =
Um/02. With the addition of equation (6) and noting that the vector of market betasis f3,, =
(1/02)ow,,, the equity premium is defined by:
1=ty — a~'dg. (9)
Equation (9) shows that the excess returns differ from traditional CAPM values. Now, the
average ESG tastes affect the excess returns. If d is above 0, the expected return on stock n
decreases in g. If the average taste (d) is positive, then the expected returns are decreasing in
ESG characteristics. In that case, agents are willing to pay more for firms with higher ESG scores,
which lowers the firm’s expected returns. The CAPM alpha is given by a = u — p,, - Using
equation (9), we receive the alpha of this adjusted CAPM model:
a, = —a~tdg,. (10)
The alpha decreases if the average ESG preference and the company's ESG score are positive.
The negative relationship between «,, and g, is stronger when the relative risk aversion is lower
and when d is higher.

The mean of the excess return on agent i's portfolio is defined by:
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We find X; by combining equation (4) and (5):

E[#] = [wm + a 207 g(d; — @)][ttmPBm — a”*d gn]-

This formula is rewritten by defining §; = d; — d, which is the difference between the agent i's
taste and the average ESG market preference. Combining this with the assumption under
equation (8) provides:

E[f] = ptm — 6;(a 307 d g g). (11)

The variance of the excess return on agent i's portfolio is given by:

Var(f) = X?o
Var(#) = oWy, + a2071(8;9)) Wy, + a7207(6;9))
Var(f) = o2 + 62 (a 07 1g'g). (12)

Here, we see that the variance of the portfolio depends not only on the market variance but
also on the difference between the agent’s preferences and the average market preferences.
Relative risk aversion significantlyimpacts the variance added to the agent’s portfolio. Aslong as
the ESG scores are above zero, agents who have stronger (weaker) tastes than the market (6;) for
holding green assets accept lower (higher) returns and higher (lower) volatility on their portfolio.
The lower expected returns do not make the agents unhappy.

If the preferences of an agent are equal to the market average preferences, 6; is 0, and the
utility function is:

V = —e—a(+rp) g—alum—1/za0%)

The expected utility in equilibrium can then be derived in the following manner:

E[ V] — _e—a(1+rf)e—aXi(u+a‘1dign)+1/2a2Xi20
E[V]= _e—a(1+rf)e—a(um—l/zaarzn)e—%a_z0_16izg/g
1 _5, _
E[V]= e 2% "0 "6i9'9, (13)

5.1.3 Portfolio Tilt and the ESG Portfolio

Equation (9) is substituted with equation (4) to obtain the portfolio weights of an agent in
equilibrium.

Xi=wy+a 207169 (14)
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Each portfolio isimplemented with three possible assets: the riskless asset, the market portfolio
and an ‘ESG portfolio’. The weights of the ESG portfolio are proportional to 0~ 1g. The fraction of
the agent’s wealth in the riskless assetis 1 — 'X; = —a~20 /8, g. This fraction can be positive
or negative; the remaining wealth is invested in stocks. Agents allocate a fraction ¢; of the
remaining wealth to the ESG portfolio and a fraction of 1 — ¢; to the market portfolio. The

weights within agent i's stock portfolio are defined by w;, a N x 1 vector:

w; = ! (W, + a™20716;9)

v(Wmta~207168;9)

w; = (1 — ¢p)wy, + dywy. (15)
The fraction of the agent i's stock portfolio invested in the ESG portfolio (¢;) lies between 0 and
1, and it is given by:

a 207 u(8;9)

¢i = 1+a~20"u(8;9) (16)
and the N x 1 vector of weights in the ESG portfolio is given by:
__1 -1
wy = T Tug g- (27)

In this formula, 071 is the inverse variance matrix of asset returns, and g is the vector of ESG
characteristics of the assets. The term ('g is a scalar resulting from the dot product of the row
vector of ones (i') and the ESG characteristics vector (g). This scalar normalizes the adjusted

weights in w,. By multiplying o~ ! by g, the vector of ESG-adjusted weights is obtained, which is

then scaled by the factor a-lT/g to ensure normalization.
If the range of ¢; lies between 0 and 1, w, represents the actual allocation of weights to the
ESG portfolio, ensuring that the portfolio reflects the desired ESG impact adjusted for risk.
When 71/ g = 0, the fraction of the agent’s wealth allocated to the riskless asset, given by

1—0X; = —a ?074'6;g, becomes zero. This equation indicates that the agent holds no wealth

inthe riskless asset. Consequently, the ESG portfolio weights are simplified tow, = o~ 1g,asthe

normalization factor iszero. Thisresultsin the ESG portfolio beingat a zero-cost position:

o~ lug
Wgo =019 (18)
and w; = X;, so that:

Wig = W + PioWyo- (19)
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¢io is then defined as:
b0 = a”26;. (20)
The greenness of the ESG portfolio is denoted by:
99 = We9 (21)

The weights in the ESG portfolio are provided by w, = ﬁa‘lg, the greenness of the ESG

portfolio will be positive (g4 >0) as longas g is positive. g, is negative ifo~1 g isbelowzero and
positive otherwise.

The fraction of an agent’s stock portfolio invested in the ESG portfolio (¢;) is determined by the

a=2067tu(8;g9)

TraZo Tu(s,g) The numerator, a=2071'(6;g), is influenced by the agent’s
13

expression: ¢; =

difference in ESG preference (§;) and the ESG score (g). The denominator remains positive if the
agent invests a positive fraction of their wealth in stocks (¢'X; > 0). This ensures that the

denominator does not alter the sign of ¢;.

1

o lug

The greenness of the ESG portfolio (g4 ) is given by: 07 19'g. Thisexpression indicates that

gy is positive if g and o1 align positively.

Given these relationships, ¢; has the same sign as the product of g, and §;. Specifically, if §;
and g, are both positive, ¢; will be positive, meaning the agent allocates a positive fraction of
their wealth to the ESG portfolio. However, if §; and g, are both negative, ¢; will also be positive,
reflecting a positive allocation to ESG investments due to the alignment of preferences and
portfolio greenness. If §; and g, have oppositesigns, ¢; will be negative, which is minimized at 0
in this model. Thus, the sign of ¢; directly reflects the alignment of the agent’s ESG preferences
with the greenness of the portfolio, provided the denominator is positive.

This agent tilts away from the market portfolio in the direction of greenness by tiltingtowards
the ESG portfolio (¢;) when its ESG scores are positive (g > 0) and away from it when these
scores are negative (g < 0). Agents with a negative difference in ESG preferences (§; < 0),
however, tilt away from the ESG portfolio when its ESG scores are positive and towards it when
its scores are negative. From equation (10), the ESG portfolio’s CAPM alpha is

a; =—a"tg,d. (22)
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The sign is the opposite of g, Therefore, the agents described above hold portfolios that
produce negative (positive) alphas.

The ESG tilt is zero for agents with average ESG preferences. Those agents hold the market
portfolio. Agents who are ESG-neutral tilt away from the market portfolio. These agents optimize
their portfolio by tilting away from the market portfolio now that it consists of agents with
average ESG preferences.

If all agents have equal preferences, then equations (16) and (20) imply a zero ESG tilt for each
agentand all agents hold the market portfolio. All agents hold the market portfolio when none of
the agents care about ESG or when they all have very strong ESG tastes. Stock prices adjust to
these equal tastes and, in that way, make the market the optimal choice for everybody. For an

ESG investment industry to exist, there has to be a dispersion in ESG tastes.

5.1.4 Two-factor Pricing with the ESG Portfolio

The excess return on the ESG portfolio is 7; = w',7. By combining equation (8), (17), and the
market beta equation 8,, = %awm, it can be shown that the ESG portfolio’s market beta is zero.
This result, B, = W'y B, simplifies to:

By =(

Given that w',,g = 0 from equation (8), w'yf,,, = 0, which indicates that the ESG portfolio

N
—=0719) (G W),
does not correlate with the market portfolio. w';f,, = 0 confirms that the market portfolio is

ESG-neutral, as the greenness of the market portfolio does not affect its returns.

The expected excess return on the ESG portfolio can be derived by premultiplying equation (9)

with w'y:
Ly =—a"lg,d (23)
which equals the alpha of equation (22). The variance of the ESG portfolio is determined by:
1 ;L 1
o5 = (7,=1)°8'80 " = (=090 (24)

The covariance of the returns with N assets is

Cov(E,Ty) = (%_lg)g. (25)
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The betas for 7;; are defined by B, = (1/07)Cov(¥, 7). This B, represents how sensitive the
returns of each asset in the market are to the returns of the ESG portfolio. It shows the
relationship between the returns of the ESG portfolio and the returns of individual assets. The
value of S, is not zero because it represents the sensitivity of individual asset returns to the ESG
portfolio, reflectingthe relationship between these assets and the ESG factor. However, W'g,Bm =
0 because the ESG portfolio does not move in tandem with the market portfolio, meaning their

returns are independent.

From equation (24) and (25) we then get:
1
=—g. 26
By 59 (26)
To find the expected returns of the market and the ESG portfolio concerning their betas,
equations (9), (23), and (26) are combined:
U= tUmBm + .ug.Bg- (27)

As noted earlier, by combining equation (8), (17) and ,,, = (Uiz)awm, the ESG portfolio has a
m

zero-beta. Based on that, the covariance between the returns of the ESG portfolio and the market

is also 0. B, and B, are also the slope coefficients of the regression of 7 on 7, and 7. Using
equation (27), we have the following two-factor asset pricing model:

7 = BT + ByTy + 7. (28)

This regression model can estimate excess returns. The expected value of the standard error

(D) is O (E(D|fin, 75, Bm, By) = 0). All assets have zero alphas in the two-factor world, equivalent

to zero interceptsin the regression. From equation(9), (10) and (27), the vector of CAPM alphas

is given by:

a =Pyl (29)

a=—aldg. (30)

Equations(29) and (30) provide the opportunitytointerpretthe a in separate ways. Equation

(29) provides a risk-based interpretation. 5, shows the exposure of the returns 7; and p is the

expected return that is tied to a unit of that risk. The asset's nonzero CAPM alphas can be

attributed to that omitted-priced risk factor. However, the only reason that investors expose

themselves to the risk in 7 is that they have non-average preferences for ESG factors. Equation
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(30) also shows that the sources of a are preferences for known characteristics (ESG) and not

aversion to an additional fundamental risk.

5.2 Divergent ESG Preferences

Hypothesis 1 states that the divergence of an agent’s ESG preferenceinto E, S and G preferences,
incorporated in the agent’s utility function, has an effect on the prices of green and brown assets.
Pastor et al. (2021) integrated ESG preferences into asset pricing models without distinguishing
the individual components of ESG. However, stakeholder theory (see Appendix 9.3.2.1) suggests
that stakeholders prioritize E, S, and G factors differently, which can significantly impact their
investment decisions. Empirical evidence supports this differentiation and highlights the practical
reality of diverse ESG preferences among investors (see paragraph 4.2).

This paragraph aims to reflect these complexities by separatingthe non-pecuniary benefitsinto
the utility function's distinct Environmental, Social, and Governance components. To test the first
hypothesis, the original model of Pastor et al. (2021) will be reused, provided in the previous
section. The adjusted formulas are presented, highlighting the differences from the original
model. Detailed explanations of each component and use of each formula will not be reiterated

here, as they have already been covered.

5.2.1 Utility Function
Thereturn of a firm n’s shares above the riskless rate (1¢) is denoted by 7;,. 7 isthe N x 1 vector of
which the nth element is 7;,. 7 is assumed as normally distributed with:

7= u+é€ (1)

Next to financial returns, firms also have a non-financial impact in the form of “ESG
characteristics”. Other than the Pastor et al. (2021) model, the ESG characteristics of each firm
aredenoted by E, S and G respectively. Each characteristiccan be positive or negative (depending
on the firm’s environmental and social impacts or the strength of its governance).

Agents gain utility through their wealth and holding positive E, S, and G stocks, depending on
their E, S, or G preferences. The ESG preferences are divided into an E preference (Tg;), an S
preference (Ts;) and a G preference (Tg;). Agents with higher values of Tg;, Ts; and Tg; have
stronger ESG tastes. The preferences interact with a firm's E, S and G characteristics and provide
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the nonpecuniary benefits of holding the firm’s stock. Each agent gains utility based on the
following:

V(Wu'xi) = —e~AiW1i—(TEiE+TsiS+TGiG)Xi (2)

5.2.2 Expected Returns
Agents consider asset prices and returns as fixed when determining their portfolio distributionto
maximise their utility. The utility function is first computed based on the agent's expected utility.
E[V(Wy,X;)] = E[—e 4iW1i~TEiE+TsiS+TGiG)Xi
— E[_e—Aiwoi(1+rf+Xl-rr*)—(TEiE+T5iS+TGiG)Xi]_

The a; = A;W,; is the agent i's relative risk aversion. It is assumed that a; = a for all agents.
Although risk aversion varies amongindividuals, this simplificationis made for the same reasons
asthe original model. First, simplifyingthe models enhances analytical tractability, allowing more
precise and interpretable results. Second, it facilitates comparative analysis by isolating the
effects of other variables on portfolio distribution and asset prices. Third, it enables the
examination of financial components of the entire market and the interactions between the agent
and the market, such as the agent's portfolio investment weight based on the market portfolio's
components and the greenness of the ESG portfolio in the market.

= —e~a(+rp) fe=aXi(F+1/aTaiB+'/aTsiS+"/aTi6)]
= —p—a(+ry) g=aXi(E[F1+1/qTEiE+1/aTsiS+1/qTiG)+1/a? X var[#]

The expected return on a stock is denoted by u, and the variance by o.

E[ V(WliFXi)] = —p—a(1+7p) g=aXi(u+/aTEiE+Y/qTsiS+Y/aT6iG)+Y/ 0% XF o

Maximizing this function for X; gives:

—a(p+1/g T E+ 1/ TeS + 1/ T6:6) + a®X;0 = 0
X =1/, o (u+ VaTeiE+ 1/ TS + l/aTGiG)' (3)

The function models the fraction of wealth allocated to stocks for an individual agent. In this
context, the agent's preferences for environmental, social, and governance (ESG) factors are
represented by Tg;, Ts; and Tg; respectively.

A higher relative risk aversion (a) results in a lower fraction of wealth allocated to stocks, as

more risk-averse agents prefer to allocate less wealth torisky assets. Similarly, an increase in stock
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volatility (o) also decreases X; as higher volatility implies more significant risk. However, an
increase in expected returns (u) raises X;, making stocks more attractive to the agent.

The preferences for ESG factors (Tg;, Ts; and Tg;) and the corresponding scores (E, S and G) also
play significant roles. Higher values of these preferences or scores increase X;, indicating that
agents with stronger preferences for ESG factors or higher ESG scores of investments allocate a
larger fraction of their wealth to stocks.

With regards to the market portfolio, the vector of weights in it, w,, must satisfy:

W, = [0 X; di
Wy =a o lu+a 207 TgE+ a 207 TsS + a 207 1T4G. (4)

Where Tg,Tg and T, are the wealth-weighted mean of all agents' E, S and G tastes. Solving
equation (4) for u gives:

U=aow,, —a TgE—a TS — a 1T,G. (5)

Premultiplying this equity premium with u,, = w',,,u gives the market equity premium:

Um = a0t —a I TgEW',, — a 'TSw',,, — a T,Gw'py,. (6)

The equity premium depends on the level of relative risk aversion, the variance of the market
and the average E, S and G tastes through Ew',,, Sw',, and Gw',,, which are the market
portfolio's overall environmental, socialand governance scores. Suppose the market portfolio has
net positive environmental, social or governance scores. In that case, more substantial E,Sor G
tastes reduce the equity premium and vice versa if the market portfolio has net negative scores.

It is assumed that the market portfolio is E-, S- and G-neutral for simplicity:

wnpE=0,w,S=0andw’,G=0. (7)

Defining E, S and G as increasing the utility of agents due to the higher ESG scores than the
market average and combining equations (6) and (7) implies that the equity premium is defined
by:

U= tmPm— a Y(TgE +TsS + T;G). (8)

Equation (8) shows that the excess returns differ from traditional CAPM values, now influenced
by the average E, S, and G tastes. If Ty, Tg and T; are positive, expected returns are decreasing
in E,S and G. Unlike the original model, a single negative average taste or company score does

not directly resultinlower returns. The decreasein returnsdependson thekE, S, and G interactions

38



asa whole, based on the (potentially diverging) tastes of the agent and the (potentially diverging)
scores of companies. For instance, while the average interestin a positive environmental impact
might increase, the average interest in a positive governance impact could be indifferent.

If all average tastes (T, Ts and T;;) are positive, and expected returns are decreasingin ESG
characteristics, agents are willing to pay more for firms with higher E, S, and G scores. The
increased price lowers the firm’s expected returns. The alpha of this adjusted CAPM model is:

a, = —a Y(TgE + TS + T;6). (9)

The alpha decreases aslong as the average tasteinE, S, and G is positive and the company'sE,
S and G score is positive. The negative relationship between «a, and E,;,S,, and G,, is stronger
when the relative risk aversion is lower and when the average E, S and G taste is higher.

The mean of the excess return on agent i's portfolio is defined by:

E[fi] = uX;.
Introducing 8g; = Tg; — T, 8s; = Ts; — Tg and 8;; = Tg; — T, provides:
E[7] =ty — a 30 Y (65, TeE'E + 65, TsS'S + 66, T G'G + 65, TE'S + 65, ToE'G + 85, TgS'E +
85iTS'G + 64 TgG'E + 64, T,G'S). (10)
The variance of the excess return on agent i's portfolio is given by:
Var(fy) = X?o
Var(t) = oWy, + a 2071 (6gE + 65;S + 66,G)) (W', + a 207 (65 E' + 85;S' + 65:G))
Var(7) = 62+ a *0 Y (6L E'E + 8%S'S + 6%G'G +85;65,E'S + 85;66,E'G + 85;66;S'G +
Oi0siES' + 0506 EG' + 85;64;SG'). (12)

Here, we see that the variance of the portfolio depends not only on the market variance but
also on the difference between the agent’s preferences and the average market preferences.
Interestingly, the differencesin tastesforE, S, and G interact with each other and furtherincrease
the variance of the portfolio. Aslongas the E, S and G scores are above zero, agents who have
stronger (weaker) tastes than the market (§;) for holdingE, S or G assets accept lower (higher)
returns and higher (lower) volatility on their portfolio.

If the preferences of an agent are equal to the market average preferences, 8g;, ds; and 8; are
0, and the utility function is:

]7 = _e_a(l"'rf) e_a(ﬂm_l/zaarzn) .
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The expected utility in equilibrium can then be derived in the following manner:
E[V]= _e—a(1+rf)e—aXi(/,L+a‘1TEiEn+a‘1TgiSn+a‘lTGiGn)+1/2a2Xi2(r
E[V]= Ve to ' u(8giE+85i5+86i6)

2a=2(62,E'E+62;S'S+62;G' G+85; 851 E' S+8518GiE' G+85i8GiS' G+85; 51 ES' +8518GiEG' +85:66:SG")

ez (12)
5.2.3 Portfolio Tilt and the ESG Portfolio
We substitute equation (8) with equation (3) to obtain the portfolio weights.

Xi =w, + a_ZO'_l((SEiE + SSiS + 5Gi6) (13)

Agents allocate a fraction ¢; of their wealth to the ESG portfolioand 1 — ¢; to the market
portfolio. The weightsin the ESG portfolio are proportionalto 0 ~1E, 01§ and 6 ~1G. The weights

within the agent i's stock portfolio are defined by w;:

w; = - Wi +a7207 (85 E + 85iS + 66:6))

(W +a 20" (8gE+85;S+686;G))
wi = (1= ¢)Wn + iy, (14)

The fraction of agent i's stock portfolio invested in the ESG portfolio is given by:

i =

a 207 u(8gE+85;S+85iG)
1+a=20" Y (Sg; E+85iS+86iG)’

(15)

and the N x 1 vector of weights in the ESG portfolio is given by:

_ 1 -1
Wy = =i tsrsi0)© (E+S+06). (16)

The greenness of the ESG portfolio is denoted by:
gg =wy(E+S+G) (17)
gg isnonzero as long as E, S and G are nonzero. g, is negative if o YW(E + S+ G) is below
zero and positive otherwise. ¢; has the same sign as the product of g, and g, ds; and ég;, as
long as the denominator of ¢, is positivein equation (15). From equation (13), the denominator
of ¢; is positive if agent i invests a positive fraction of his wealth in stocks (¢'X; > 0). Therefore,
an agent with positive wealth in stocks and a positive differencein E, S and G tastes compared to
the market (8g;,8s; and 6¢; >0), ¢; ispositiveif g4 is positive and vice versa. This agent tilts away
from the market portfolio in the direction of greenness by tilting towards the ESG portfolio when

the E, S and G scores are positive and away from it when these scores are negative.
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Agents with a negative difference in E, S and G tastes (65;, ds; and 8;; < 0) have a lower ESG
taste than the market average. These agents tilt away from the ESG portfolio when theE, S, and
G scores are positive and towards the ESG portfolio when the scores are negative.

The alterations made by diverging E, S and G reveal that the greenness of the portfolio stems
from a more complex interaction of each component, just like the fraction invested in the ESG
portfolio (¢;).

From equation (9), the ESG portfolio’s CAPM alpha is

ag =—a'wy(Tg + Ts + Te)(E + S + G). (18)

The sign is the opposite of g,. Therefore, the agents described above hold portfolios that
produce negative (positive) alphas.

If all agents have equal preferences, then equation (15) implies a zero ESG tilt for each agent
and all agents hold the market portfolio. All agents hold the market portfolio when none of the
agents cares about E, S, and G, or they have equally strong E, S, and G tastes. For an ESG
investment industry to exist, there has to be dispersioninE, S and G tastes. The ESG divergence
increases the possibilities of dispersion in ESG interests, and, in that sense, the ESG divergence

increases the possibilities for the ESG investment industry.

5.2.4 Two-factor Pricing with the ESG Portfolio

The excess return on the ESG portfoliois 7 = w’gf. By combining equation (7), (16) and 3,, =
(%)awm. The ESG portfolio’s market beta is zero (w'yf,, = 0). The expected excess return on
the ESG portfolio can be derived by premultiplying equation (8) with W'g:

,ug = _a_lgg (TE + TS + TG) (19)

which equals the alpha of equation (18). The variance of the ESG portfolio is determined by:

1

2 — 1 2 ’ ! /; -1
o5 = (7L,J_1(E+S+G)) E'"+S"+GCYE+S+G)o = (7/5—1(5+s+c))g~‘?' (20)
The covariance of the returns with N assets is:
SN 1
Cov(F,Ty) = (7L’0‘_1(E+S+G))(E +S+G6). (21)

The betas for 7; are defined by g, = (1/05)6017(7’, 7y). From equation (20) and (21) we then

get:
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ﬁg=i(E+S+G). (22)

The expected returns of the market and the ESG portfolio with regard to their betas are:
U= tmPm + .ugﬁg- (23)
As noted earlier, by combining equation (7), (16) and £,, = (Uiz)awm, the ESG portfolio has a

zero-beta. Based on that, the covariance between the returns of the ESG portfolio and the market
is also 0. B, and B, are also the slope coefficients of the regression of # on 7, and ;. Using
equation (26), we have the following two-factor asset pricing model:

7 = Bmfin + BgTy + 7. (24)

This regression model can estimate excess returns. From equation (8), (9) and (23), the vector
of CAPM alphas is given by:

a = Byug (25)
a =—a Y(TgE + TS + T;G). (26)

Similarto the Pastor et al. (2021) model, these equations provide the opportunity to interpret
the a separately. Equation (25) provides a risk-based interpretation, and equation (26) shows that
the sources of a are preferences for known characteristics (E, S and G) and not aversion to an
additional fundamentalrisk. The sources of this a diverge into E, S and G preferences and scores.
This divergence in both preferences and scores creates more dynamics of the «. If the average
preferences and scores are equally (strongly) positive or negative, the a will be determined in an
equal mannerto the original model. When the market is indifferent to E,Sor G (Tg, Ts or T; = 0),
whilst the other preferences are not (Tg, Ts or T; # 0) the a will differ from the original model.
Similarly, if companies'E, S, or G scores diverge on average, the alpha will deviate from the
original model. This divergence introduces additional complexity and variability in the expected
returns.

Hypothesis 1 suggests that incorporating distinct E, S and G preferences into an agent's utility
function affects the prices of green and brown assets. By disaggregating these preferences, the
model recognizes the nuanced investment behaviours of agents who prioritize different aspects
of ESG. When these preferences are accounted for, assets with high E, S, and G scores may see

increased demand, driving their prices and resulting in lower expected returns. Investors with
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strong ESG preferences are willing to accept lower financial returns in exchange for higher non-
pecuniary benefits associated with these assets. Thus, green assets with positive ESG scores are
likely to be priced higher due to this premium on their non-pecuniary benefits.

On the other hand, brown assets with lower or negative ESG scores offer higher expected
returns as compensation for their lack of non-pecuniary benefits. Investors less concerned with
ESG factors or prioritising financial returns may find these assets more attractive, leading to lower
prices. This price differentiation based on ESG preferences highlights the complex interactions
between investor preferences and asset characteristics. The model shows that separating ESG
preferences into E, S, and G components creates a more detailed and precise reflection of how
these preferences influence asset prices. This divergence leads to a differentiated market where
green and brown assets are distinctly priced accordingto specific ESG components ratherthana

single aggregated score.
5.3 Interaction between ESG Preferences and Relative ESG Risk Aversions

The second hypothesis states that the divergence of an agent’s ESG preferences into E,S and G
components, linked to separate relative risk aversions within the agent’s utility function, affects
the prices of green and brown assets. Pastor et al. (2021) did notincorporate this relationship or
consider domain-specificrisk aversion. The absence of these considerations may overlook critical
aspects of investor behavior and market dynamics.

To address the potential gap, relative risk aversion is employed to incorporate the effect of
wealth levels on the non-pecuniary benefits of holding green or brown assets.

The modelin this paragraph incorporates additional risk aversions by building upon the original
model from paragraph 5.1. This paragraph will present the adjusted model, demonstrating the
incorporation of wealth levels and ESG domain-specificrisk aversionsinto the utility function and

highlighting the differences from the original model.

5.3.1 Utility Function
The utility function used in the original model is:
V(Wy, X;) = —e AiWwi—hiXi,
The return of a firm’s shares (¥) above the riskless rate (r¢) is denoted by:
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= pu+Eé€ (1)
Agents gain utility through their wealth and holding positive ESG stocks, depending on their ESG
preferences. The absolute risk aversion is taken from the Pastor et al. (2021) model (Ag;). This
risk aversion is the aversion of agents towards financial losses. An increase in absolute risk
aversion means that the agentbecomes more reluctant to engage in investments that could result
in unfavourable returns, demonstrating an increased sensitivity to potential financial losses.
The utility function in this model will also include three separate risk aversion factors (Ag;, Ag;
and A;;) that correspond to an agent's risk aversion towards holding stocks with a negative E, S
or G impact. An ESG risk aversion refers to an individual's resistance level to risks associated with
E, Sor Gfactors. Anincreasein ESG riskaversion indicatesthat the agent becomes more reluctant
to engage in investments that could negatively impact the environment, society, or corporate
governance. For example, negative environmental impacts might include significant carbon
emissions, negative social impacts could encompass labour rights violations, and poor governance
impacts might involve inadequate corporate transparency or ethical breaches.
The ESG preference of an agent is divided in the same manner as in the previous hypothesis
(into Tg;, Tg; and Tg;). The preferences interact with the E, S and G characteristics of a firm

(E, S and G) and provide the nonpecuniary benefits of holding the firm’s stock:

bg; = TgE
bs; = Tg;S
bgi = TgiG. (2)

Each agent gains utility based on the following:
V(Wn'Xi) = —e~AFiW1i—(AgiWoibEi+AsiWoibsi+AgiWoibGi) Xi (3)
Agi, Ag; and Ag; are multiplied by the wealth level of the agent attime O and provide therelative
ESG risk aversions of the agent (ap; = Api Wy, agi = AgiWoi, asi = AgiWyi and ag; = AgiWo;)-
Relative ESG risk aversion refers to an agent’s aversion to risks associated with E, S or G factors,
particularly concerning their wealth level. Implementing the relative risk aversions creates:
V(Wy, X;) = —e~ari(l+r+Xim)~(agibpi+asibsi+agibeXi
It is assumed that ap; = ar, ag; = ag, as; = as and ag; = ag for all agents. Including ag, as

and a; the utility function reflects how financial and ESG considerationsinfluence the agent’s
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utility. In this formulation, the agent’s sensitivity to ESG impacts is directly incorporatedinto the
utility function through the multiplication of nonpecuniary benefits (bg;, bs; and b;;) by their
respective ESG risk aversions (ag, as and a;). Thisimplies that as the agent’s aversion to ESG risks
increases, the importance of the nonpecuniary benefits in the utility calculation also increases,
provided these benefits are positive. Positive nonpecuniary benefits significantly affect the

agent's utility if the ESG risk aversions increase.

5.3.2 Expected Returns

Agents consider asset prices and returns fixed when determining their portfolio distribution to

maximise utility. The utility function is first computed based on the agent's expected utility.
E[ V(Wli’Xi)] - E[_e—ap(1+rf+xirr‘)—(aEbEi+a5b5i+aGbGi)Xi]_

E[ V(Wli:Xi)] = —p-ar(1+rp) p—apXi(E[Fl+ap~tagbgi+ap~ asbsi+ar~tagbgi)+1/af X7 var(r]

E[ V(Wli:Xi)] = —e-ar(1+rp) p—apXi(u+ap~tagbgi+ap~tasbsi+ap~lagbgi)+1/paf X o

Maximizing this function for X; gives:

—ap(u +ar taghg + aptaghg; + aptaghg) + a2X;o0 =0
X;=ap Yo Y (u + artaghg; + aptaghs; + aptagbg;).

An increase in the expected return (i) or the nonpecuniary benefits (bg;, bs; and bg;) leads to
a higher allocation to stocks, as these factors enhance the overall attractiveness of the
investment. However, an increase in the variance of the stock (o) or the relative risk aversion
towards financial losses (ar) reduces the stock allocation, reflectinga more cautious investment
approach in the face of higher risk or greater sensitivity to financial losses.

The increase in ESG risk aversion (ag, as and a;) indicates that the agent is more reluctant to
invest in assets with potential negative ESG impacts. Thisformula logically suggests that the stock
allocationincreasesifthe agent possesses a higher ESG risk aversion combined with a higher ESG
score. This increase aligns with the notion that agents with heightened sensitivity to ESG risks
prefer investments with favourable ESG characteristics, thereby justifying a higher allocation to
such stocks despite the increased aversion.

The vector of weights in the market portfolio (w,,;) is defined by:

Wm = fl’wiXi di
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Wy, = aptotu+ap?ago ' TeE + apaso 1 TsS + apago1T4G. (5)

Solving equation (5) for u gives:

U= apowy, — agplagTgE — aplagTeS — aplagTsG. (6)

Premultiplying this equity premium with u,, = w',,,u gives the market equity premium:

Um = apo2 — aptagTeEW',, — arlagTeSW',, — aplagToGw'y,. (7)

A new componentinthe equity premium is the dependence on the relative ESG risk aversions.
Unlike the effect of the relative financial risk aversion (ar), ESG risk aversions have a negative
relationship with the equity premium. The higher the ag, as and a;, the higher the reduction of
the equity premium through the average E, S and G preferences (Tg, Ts and T;). The market
portfolio is assumed to be E-, S- and G-neutral.

w,E=0,w,S=0andw’,G=0 (8)

DefiningE, Sand G in equation (7) asincreasing utility of agents because these companies score

higher than the market on these aspects, the equity premium is defined by:
1= tmPm — ar ' (agTgE + asTsS + agTs6). (9)

Equation (9) differs from the previous models now that the relative ESG risk aversions affect
the excess returns. A higher relative ESG risk aversion of the agent (ag, as and a;) decreases the
equity premium because higher relative risk aversion implies a greater sensitivity to the risks
associated with ESG factors. When the agent is more risk-averse towards these ESG factors, they
require different compensation levels in the form of an equity premium.

A reduced equity premium stems from the agent's valuation of higher ESG scores. Agents with
high ESG risk aversion perceive companies with strong ESG performance as less risky and more
attractive investments. Consequently, these agents are willingto accept a lower equity premium
as the higher ESG scores of the companies in the market effectively reward them. The
attractiveness of high ESG scores compensates for their aversion to ESG-related risks, leading to
a lower required equity premium.

However, if the ESG scores of companies in the market decrease, the scenario changes. For
agents with high ESG risk aversion, a decline in ESG performance represents a substantial increase
in perceived risk. These agents demand a higher equity premium to compensate for this increased

risk. This demand for higher compensation is more pronounced than that of agents who do not
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factor ESGrisk aversion into theirinvestmentdecisions. Thus, the equity premium increases more
strongly for ESG risk-averse agents in response to lower ESG scores, reflecting their greater
sensitivity to ESG-related risks.

The alpha of this adjusted CAPM model is:

a, = —apt(agTeE + asTsS + ag T G). (10)

The alpha decreases if the average ESG taste and the company's ESG scores are positive. The
ESG risk aversions of agents strengthen these decreasing factors. As the ESG risk aversions
increase, the alpha decreases with positive average market ESG preferences and ESG scores.

The mean of the excess return on agent i's portfolio is defined by:

E[fi] = puX;.

Introducing 8gz; = Tg; — T, 8s; = Ts; — Tg and 85, = T — T provides:

E[f;] =t — ap307 (a2 85, TEE'E + a265;TsS'S + a264;T;G'G + agasdy; T,E'S +
agagOgTeE'G + agagbs;TeS'E + aga; 85, T S'G + agag 64, TgG'E + agagb;; TsG'S). (11)

The variance of the excess return on agent i's portfolio is given by:

Var(f) = X?o
Var(7) = 64 + ag*o (a2 65E'E + a28%S'S + a%6%,G'G + apagSg; 05, E'S +

agac0gi0GiE'G + asag8s;05iS'E + asa;05i06iS'G + agagd;i05iG'E + a;as6;05;G'S).  (12)

Comparing equations (11) and (12) to previous models shows the addition of relative ESG risk
aversions and their interactions with each other. If ag, as or a; increase, agents who have
stronger (weaker) tastes than the market (J; > 0) for holdingE, S or G assets accept lower (higher)
returns and higher (lower) volatility on their portfolio.

If the preferences of an agent are equal to the market average preferences, 8g;, ds; and §; are
0, and the utility function is:

V = —e—ar(+75) g—ap(um=1/2ar0f)
The expected utility in equilibrium can then be derived in the following manner:

- — — 1
E[ V] — _e_aF(1+rf)e—aFXi(u+aF1aEbEi+aF1aSb5i+aF1aGbGi)+Ea12:Xi20'
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E[V] = Ve~ar'0 "ulapdgiE+asdsiS+agdgic) (13)

e—a;zd_l(aEbEi+a5b5i+aGbGi)(aE5EiE+a555iS+aGSGL'G)

e%aﬁz(a%6§iE’E+a§6§iS’S+aé6(2;iG’G+aEa56Ei65iE’S+aEag6EiSGiE’G+a5a565iSEiS’E+a5aG65i6GiS’G+aGaEé‘Gié‘EiG’E+aGa56Gi65iG'S)
5.3.3 Portfolio Tilt and the ESG Portfolio
We substitute equation (9) with equation (4) to obtain the portfolio weights.
Xi =wp +ap?0 N (agbgE + as6s;S + ag66,G) (14)

The weights within agent i's stock portfolio are defined by w;:

1

Wi = o e N apomErasonsiasied) Wi + ap?2o~(ag 65 E + as65;S + agdg;G))
w; = (1 — ¢)wy, + dywy. (15)
A fraction ¢; isinvested in the ESG portfolioand 1 — ¢; to the market portfolio. ¢; is given by:
=2,-1, ; . ;
b= s, a6
and the weights within this ESG portfolio are found through:
W, =ma-1(E+S+G). (17)
The greenness of the ESG portfolio is denoted by:
gg =wy(E+S+0G) (18)

The parameter g, remains consistent across previous models, as does the interaction between
¢; and g, . Specifically, if one of these variables is positive, the other is also positive.

The proportion of investment allocated to the ESG portfolio (¢;) is influenced by aversion to
ESG risks. At first glance, incorporating the ESG risk aversions into the numerator and
denominator of equation (15) might seem to offset each other, suggesting the fraction should
remain unchanged. However, the inclusion of an additional termin the denominator resultsin an
increase in this fractionas longas the ESG scores (E, S and () and the difference in ESG preference
(i, 0s; and ;) are positive.

For illustration, consider an agent with a 33% investment in the ESG portfolio according to an
equation that does not account for ESG risk aversions. Here, the numerator is 0.5 and the

denominatoris 1.5. Uponincorporating ESG risk aversions, which average out to 2.5 (ag, as and
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a;), the numerator adjuststo 1.25and the denominatorto 3.75. The fraction invested in the ESG
portfolio increases to 55.56%.

Therefore, ¢; increases with anincrease in ESG riskaversions. Thisindicates that an agent with
higher relative ESG risk aversions exhibits greater reluctance towards negative impacts in ESG
areas and subsequently increases their investment in an ESG portfolio.

When the agents' preferences do not deviate from market preferences (i.e., 6g;, ds; and dg;
are all 0), only the market portfolio is held. However, &g;, dg; and d;; continue to drive the ESG
investment industry. Additionally, the relative ESG risk aversion speeds up the growth of the ESG
investment industry.

The ESG portfolio’s CAPM alpha is:

ay = —ap'wy(agTg + asTs + agTe)(E + S + G). (19)

The CAPM alpha decreases if the ESG risk aversionsincrease, showingthat the ESG risk-averse

agent accepts a lower financial compensation for holding the ESG portfolio.

5.3.4 Two-factor Pricing with the ESG Portfolio
The excess return on the ESG portfolio is 7; = W’gf. The ESG portfolio’s market beta is zero
(W'gBm = 0). The expected excess return on the ESG portfolio is:

tg = —aztgy(agTy + asTs + agTe). (20)
which equals the alpha of equation (19). The expected returns of the market and ESG portfolio

in equilibrium are determined by:

U= tmPm + UgBy- (21)

This regression model can estimate excess returns. The vector of CAPM alphas is given by:
a =Pyl (22)
a =—az'(agTgE + asTsS + ag T 6). (23)

Equation (22) provides the same risk-based interpretation. f;, shows the exposure of the
returns 7; and g is the expected return that is tied to a unit of that risk.

Equation (23) tells a different story than Pastor et al.'s original model. In the original CAPM
model proposed by Pastor et al. (2021), the alpha (a) is expressed as: « = —a~'dg. Pastor

elaborated on this by stating:
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"While the popular risk-based interpretation of factor pricing models is
mechanically valid, we see here an example of how that interpretation can
miss the underlying economics. [...] (The original alpha equation) reveals that
the sources of a are tastes for known characteristics, g, not aversion to an

additional fundamental risk."

The alteration to the CAPM model represents a significant shiftin howalphaisinterpreted and
calculated. While Pastor's model highlighted the role of investor preferences for known
characteristics without necessarily consideringrisk aversion, the new model explicitly integrates
aversion to ESG risks. ESG risk aversions decrease the alpha with positive average market ESG
preferences and positive ESG scores.

By integratingrelative risk aversionstowards ESG impacts, the model reflects investors' varying
attitudes to risks associated with ESG factors. Incorporating ESG risk aversions influences asset
allocation decisions and asset prices. Higher ESG risk aversion typically increases the wealth
allocated to ESG portfolios, asinvestors require less compensationfor bearing fewer ESG-related
risks. This resultsin lower expected returns for green assets, as investors accept a lower premium
for holdingassets with a higher ESG score. The prices for these green assets might be higher than
scenarios without ESG risk aversions.

Brown assets are also affected by ESG risk aversions. Higher ESG risk aversions would lead to
decreased demand from investors for brown assets seeking to avoid ESG risks. The decrease in
demand decreases brown asset prices and increases the expected returns as compensation for
their negative ESG impacts. Including ESG risk aversions adds a layer of complexity to asset prices,
where both the non-pecuniary benefits and the aversionstowards ESG risks play significant roles
indeterminingthe equilibrium prices and expected returns of green and brown assets. This model
suggests that ESG risk aversions can influence investment strategies and market dynamics by

alteringthe perceived attractiveness of green and brown assets based on their associated risks.
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5.4 Negative ESG Preference

In this section, the third hypothesis of this thesis is examined. This hypothesis explores the
potential ESG aversion, an aspect not addressed in previous sections. Unlike earlier adjustments,
this part reinterprets the original model to incorporate ESG aversion.

Pastoretal.(2021) base theirmodel on avariable b; that quantifies the non-pecuniary benefits
of holding a stock, which includes an agent-specific component (d;) and a firm-specific
component (g,). d; = 0 represents indifference or positive ESG tastes. However, ESG
preferences are not static and can vary with economic conditions and personal wealth levels. In
challengingeconomicclimates, investors may prioritize higher returns over positive ESG impacts,
leading to the inclusion of sin stocks, for example.

Building on this premise, the third hypothesis states that the impact of an agent’s ESG aversion
on the asset prices of green and brown assets will differ from that of positive ESG preferences.
The utility functionis reassessed to explore this, and the range of ESG preferences is extended to
encompass negative values. This reassessment does not alterthe structure of the model of Pastor
et al. (2021). Instead, it provides a nuanced interpretation consideringinvestor behaviour under

varying economic conditions.

5.4.1 Utility Function
In the base model, the ESG preference (d;) interacts with the ESG characteristicof a firm (g) and
provides the nonpecuniary benefit of holding the firm’s stock with:
b; = gd;. (1)
Thevariable g can assume positive or negative values, dependingon the company's ESG score.
In contrast to the original model, where d; is exclusively non-negative, the variable is extended
to include both positive and negative values. A negative d; indicates an ESG aversion, signifying
that the agent derives disutility from holding stocks with positive ESG scores and prefers

investments with negative ESG impacts. Each agent's utility is then:

V(Wu;Xi) = —e~AiW1i-gdiX; (2)
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A company with a positive g and an agent with a negative ESG preference (d;) will decrease the
agent's utility through its holdings (X;). However, the agent's utility increases if the company's

ESG impact is negative.

5.4.2 Expected Returns
Maximizing utility for the agents and finding the associated asset allocation (X;) provides us:
E[V(Wy;,X;)] = E[—e~#Wai=hiXi]
Xi=alo ' (u+algd) (3)
An agent with negative values for d; will hold fewer stocks (X;) if the company's ESG impact is
positive (g > 0). On the other hand, the ESG-averse agent will increase its stock holdings if the
company's ESG impact is negative (g < 0).
The market portfolio weights (w,,,) are defined as:
Wp, =a lo lu+a?c7ldg. (4)
ESG aversion creates a negative average of the ESG preferences (d) and, due to the interaction
with g, correctly adjust the market portfolio (w,,) to increase w,, when g is negative and vice
versa.
The market equity premium (u,,) is:

U = acZ —a tdgw',, (5)
and the ESG aversion adjusts the equity premium through the average ESG preference (d). An
ESG aversion combined with negative overall ESG scores of the market portfolio (gw'y,),
decreases the market equity premium. Agents are then (already) rewarded through their
increased utility of holding stocks with negative ESG impacts.

From this point, the model assumes that the market portfolio is ESG-neutral:
W mgn = 0. (6)
The equity premiumis thus independent of the agent’s ESG tastes, redefining ESG as increasing
agents' utility when companies score higher than the market on these aspects or, in the case of
ESG aversion, when companies score lower than the market on these aspects. The expected

excess return is then:

1=t — a”tdg. (7)
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Again, if the average taste (d) is negative, then the expected returns decrease in positive ESG
characteristics. Agents are willingto pay less for firms with higher ESG scores, which increases the
firm’s expected returns. The alpha of this CAPM model is:

a, = —a‘dg,. (8)

If the average ESG preference is negative and the ESG score of the company is negative as well,
the alpha decreases. The negative relationship between «,, and g,, is stronger when the relative
risk aversion is lower and when d is increasingly negative.

The difference between the agent i's ESG preference or aversions and the average ESG market
preferenceis §; = d; — d. If both d; and d are negative, §; is not altered. The minus sign between
d; and d still functions to find the difference between the preference of agent i and the average
preference of the market. The only difference is that §; can now take on larger values. An ESG-
averse agent with a strong market-positive ESG preference will have a more significant difference
in preference than in the original model, where the agent could only be indifferent (d; = 0).

The mean of the excess return is defined by:

E[f;] = uX;
E[f] = ptm — 6;(a 307 d g g). (9)

The new interpretation of §; only affects the mean returns by being able to take up more
extreme values. The mean returns decrease or increase more heavily depending on the
(a=307'dg'g). The interaction between the market preference and the company scores (dg'g)
becomes interesting. A negative ESG score (g) becomes positive by multiplication with itself and
then negative again with the multiplication with the market ESG aversion (d). The expected mean
excess returns of an agent (E[7;]) then increase when the difference between the market
preference and the preference of the agent is positive (J;). A positive difference with a negative
market preference will occur when the agent has a weaker ESG aversion (or a positive ESG
preference) than the market average.

The variance of the excess return on agent i's portfolio is:

Var(%) = X?o
Var(#) = o4+ 62 (a 07 1g'g). (10)
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The changes in ESG aversion affect the portfolio variance. A negative company score (g)
becomes positive when squared and increases the variance dependingon 6i2. Agents with more
extreme ESG tastes than the market will thus accept higher volatility. A difference in ESG
preference of the agent compared to the market will either way create a positive value that could
increase the portfolio variance, depending on (a %07 1g'g).

The expected utility in equilibrium is defined as:

1 _» _
E[V]= Ve 2% "7 '6t9g, (11)
The differencein ESG tastes (6i2) can take on larger valuesin this model and increase the slope
of the agent's utility. Agents with a higher Siz will then see a faster change in their utility than

agents who cannot be ESG averse.

5.4.3 Portfolio Tilt and the ESG Portfolio
The portfolio weights of stocks are determined by:
X; =w, +a?c716;g. (12)

Agents with a more significant difference from the market average ESG taste (larger §;) will
changetheirstock holdings more drastically, depending on the agent's ESG scores, stock variance,
and relative risk aversion.

The fraction of the agent’s wealth in the riskless asset is 1 —('X; = —a~20~1/8;g. Agents
allocate afraction ¢; of the remaining wealth to the ESG portfolio and a fraction of 1 — ¢; to the

market portfolio:

a 207 u(8;9)
1+a=20"u(8;9)

;= (13)

Here, a larger §; combined with positive company ESG scores (g) increases the fraction of the
agent's stock portfolio invested in the ESG portfolio. If §; is positive and becomes larger, the
fraction in the ESG portfolio increases. The agent tilts away from the market portfolio in the
direction of greenness. Similarly, if §; is negative and becomes larger (more negative), and the
company's ESG score (g) is also negative, the fraction in the ESG portfolio also increases.

Howeuver, if §; and g have opposite signs (one is positive and the other negative), the numerator
becomes larger in magnitude but negative. In contrast, the denominator becomes smaller (1 plus

a negative number). This resultsin a negative fraction, which is theoretically incorrect as itimplies
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a negative investmentin the ESG portfolio. Therefore, the fraction is minimized at 0, which aligns
with the practical outcome: an agent with ESG preferences (6;) that are opposite to the actual
ESG scores of the companies (g) will not invest in the ESG portfolio. Such agents prefer
investments that align with their tastes, which are opposite to the ESG characteristics of the
portfolio.

The greenness of the ESG portfolio is denoted by:

9g = Wgg. (14)

The ESG portfolio’s CAPM alpha is:

a; =—a"tg,d. (15)

The equation reveals that the sign of @, is the opposite of g,. This means that, similar to the
original model, the agents' portfolios can produce either negative or positive alphas depending
on the sign of g,.

However, the introduction of a potential negative average ESG preference in the market (d)
brings a new dimension to thisinterpretation. When the average ESG preference (d) is negative,
it implies that the market has a general aversion to ESG factors. In this scenario, if the ESG
portfolio is green (g, > 0), indicating that the companies in the portfolio have positive ESG
characteristics, the alpha (ag) will be positive.

In practice, this means thatinvestors who hold green assets in a market with a negative average
ESG preference will see higher excess returns (positive alphas) for those assets. This occurs
because the market's aversion to ESG factors decreases the demand for green assets, lowering
prices. As a result, these assets offer higher returns to compensate for their lower market
valuation.

Thus, green assets become more attractive from a return perspective in a market where ESG
preferences are predominantly negative despite lower prices. Brown assets, which have negative
ESG characteristics, might see a decrease in excess returns (negative alphas) as they become more

sought after, driving up their prices and lowering their yields.
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5.4.4 Two-factor Pricing with the ESG Portfolio
The interpretation of the two-factor pricing model remains broadly consistent. The excess return

on the ESG portfolio is 7, = W'gf and the expected excess return on the ESG portfolio is:

Hy =—atg,d (16)
which equals the alpha of equation (20). The variance of the ESG portfolio is:
2 — (1 2gign-1 — (L
0-g - (lla.—lg) g 8o - (L10—1g)gg (17)
The beta of the ESG portfolio is:
1
=—g. 1
By e (18)
The expected returns of the market and the ESG portfolio are then determined by:
K= tmPm + .ugﬁg- (19)
Using equation (19), we have the following two-factor asset pricing model:
7 = Bmfin + BgTy + 7. (20)

This regression model can estimate excess returns. All assets have zero alphas, equivalent to
zero intercepts in the regression. The vector of CAPM alphas is:

a = Pglig (21)
a=—aldg. (22)

Equation (21) provides a risk-based interpretation. 8, shows the exposure of the returns 7, and
Kg is the expected return tied to a unit of that risk.

The sources of a in equation(22) are preferences for known characteristics (ESG) and potential
aversion to ESG factors. The presence of an average ESG aversion within the market generates a
negative d, resulting in a positive @ when the ESG characteristics of firms are positive. This
scenario reflects a decreased willingness to pay for firms with higher ESG scores, altering the
expected returns for these firms. Consequently, the prices of green and brown assets are subject
to the agents' possible negative ESG preferences.

Hypothesis 3 explores the impact of negative ESG tastes (ESG aversion) on the prices of green
and brown assets. Extending the original model to include negative values for ESG tastes, this
hypothesis examines how agents who derive disutility from holding stocks with positive ESG

scores behave in the market. In a market where ESG aversion is prevalent, green assets with
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positive ESG scores may see reduced demand, leading to lower prices and higher expected
returns. Investors with ESG aversion are unwilling to pay a premium for the non-pecuniary
benefits associated with positive ESG impacts, resultingin decreased demand and lower prices
for green assets.

On the other hand, brown assets, which align with the preferences of ESG-averse investors,
may experience higher demand, resulting in higher prices but lower expected returns. This
dynamicillustrates the potential for significant shifts in asset prices based on the prevailing ESG
tastes in the market. Including ESG aversion adds a new dimension to asset pricing models,
reflectinga broader range of investor behaviours. It shows that the demand for green and brown
assets can be heavily influenced by agents' negative or positive ESG tastes, leading to more

comprehensive and realistic asset prices.
5.5 Quantitative Implications

To illustrate the impacts of the changes made to the original model, four equations are plotted:
the utility function of an agent (V), the asset allocation function (the fraction of wealth allocated
to stocks (X;), the expected excess portfolio returns (E[;]) and the ESG portfolio fraction (¢;).
These equations are plotted using arbitrary values for several variables to demonstrate the effects

of the new models.

Parameter Score or range Description
Normalized 1 Wealth levels are normalized to 1. Thus, W;; and W,; are
wealth levels both set to 1 across all agents. Normalizing wealth levels is

common in asset pricing models to facilitate comparisons

and model dynamics (Kolari et al., 2023).

ESG scores -5to 5 The ESG score of a company (g) is given an arbitrary value
between -5 and 5, capturingboth positive and negative ESG
impacts. This range helps standardize the scores across

different scenarios.
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Differentiated -5to 5

ESG scores

In the second hypothesis, the ESG score (g) is splitinto E, S
and G scores (E, S and G). The scores can range between -5

and 5, capturing positive and negative impacts.

Risk aversion 1to6

parameters

The risk aversion parameters (A4;, Ag;, Ag;, Ag; and Ag;) are
set on ascale of 1to 6, where 1 indicates a low-risk aversion,
and 6 indicates a risk-averse attitude. The risk aversion
parameter is commonly on a scale between 0 and 5 (Diaz &
Esparcia, 2019; Mehra & Prescott, 2003). However, the
minimum is set to 1 to avoid issues with division by zero

when calculating reciprocals.

Fraction 0.3
invested in

stocks

The fraction of wealth invested in stocks (X;) is given an
arbitrary value. Based on Dutch consumer data from the
Central Bureau of Statistics in the Netherlands (Centraal
Bureau voor de Statistiek, 2023), an average value for
allocating total household wealth to securities has been
determined for the Netherlands. The data indicates an
average allocation fraction of approximately 30% (see
Appendix 9.4). Based on this, the fraction allocated to stocks
is set to 0.3 across agents, reflecting a moderate stock

allocation.

ESG Oto5

preference

The ESG preference (d;) of an agent ranges from 0 to 5,
where 0 means indifference to ESG factors and 5 indicates a
strong preference for ESG. Regarding plots within the third
hypothesis, the preference can also become negative (on a

scale of -5 to 5) to reflect possible ESG aversion.
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Differentiated Oto 5 The ESG preference (d;) is splitinto E (Tg), S (Ts) and G (T)

ESG preferences. The scores can range between 0 and 5.

preferences

5.5.1 Utility Function

5.5.1.1 Original Utility Function
The utility function of the original model is:
V(Wu'Xi) = —e AiW1i—gndiX;
This equation is plotted below in Figure 1. In this plot, the utility level changes are examined
with the company's ESG score (g,,) for different levels of the agent's ESG preference (d;). Therisk
aversion parameter (4;) is set to 2, wealth levels (W,;) are normalized at 1, and stock allocation

(X;) has been set to 0.3.

Utility Function

0.00 /
-0.25
= ESG Preference (d,)
@
1 1
-0.50
= — 3
= 5
0.75
-1.00
5.0 25 0.0 25 5.0

Company ESG Score (g,,)
FIGURE 1 - ORIGINAL UTILITY FUNCTION

The plot illustrates that an agent's utility is affected by their ESG preference (d;). As d;
increases, the sensitivity of the agent's utility to fluctuations in a company's ESG impact (g,)

increases. Specifically, an increase in g, results in elevated utility for agents with higher ESG
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preferences. Crucially, this relationship also shows a downside: a negative ESG score (g, < 0)

negatively affects agents' utility with a stronger preference for ESG factors. In such scenarios, an

agent with a higher d; will experience a more substantial reduction in utility compared toan agent

with a lower d;. Thisdynamicunderlines the dual impact of ESG preferences, amplifying both the

benefits of positive ESG scores and the losses of negative scores.

5.5.1.2 Utility Function First Hypothesis

The utility function in the model of Hypothesis 1 is:

V(Wu'xi) = — e~ AiW1i—(TEiEn+TsiSn+TGiGn)Xi

This function is plotted in Figure 2 below. The utility function has been divided into three agents.

The first agent has received low environmental and medium social and governance preferences.

The second agent has a medium environmental, high social and medium governance preference,

and the third has high environmental, medium social and medium governance preferences.

0.00

-0.50

Utility Level

-0.75

-1.00

Utility Function (H1)

E Preference (Tg)
1

— 3
5

in

L=
531
=

25 0.0 25
(

Company E Score (E,)
FIGURE 2 — UTILITY FUNCTION HYPOTHESIS 1
AGENT 1 PARAMETERS: S$;,=2, G,,=1, Tg;=3, Tgi=2
AGENT 2 PARAMETERS: S, =-3, G, =-1,Tg; =4, T =2
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AGENT 3 PARAMETERS: S,=1, G,,= 2, Tg; =3, Tg;= 2

Figure 2 — Utility Function Hypothesis 1 illustrates that the agent's utility is influenced by their

separate preferences (Tg;, Tg; and Tg;). As Tg; increases, so does the sensitivity of utility to

changes in the company's E score (E),). Negative environmental scores lead to sharp declines in

utility for agents with high Tj;, while positive environmental scores resultin higher utility levels.

This analysis could similarly be conducted by varying the Social (S,,) and Governance (G,,) scores.

The current plot shows that splitting the ESG score and ESG preference into separate components

forE, S, and G provides a broader spectrum of utility levels to consider. This approach highlights

the diverse impacts each ESG component can have on utility.

5.5.1.3 Utility Function Second Hypothesis

The utility function in the model of Hypothesis 2 is:

V(W X;) = — e~ AFiW1i—(AgiWoibgi+AsiWo;bsi +AGiWoibGi) Xi

The function is plotted in Figure 3.
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FIGURE 3 - UTILITY FUNCTION HYPOTHESIS 2
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AGENT 1 PARAMETERS: bs; =4, bg; =3,A5;=5AND A;; =4
AGENT 2 PARAMETERS: bg; =-1, bg; =-5, Ag; =3 AND A =2
AGENT 3 PARAMETERS: bg; =-3, b;; =6, Ag;=4AND A;; =1

Each agent in Figure 3 now has two utility lines. One where the absolute risk aversion for
environmental impacts (Ag;) is 2, and the second one, where the risk aversion is 5. The graph
demonstrates thatincorporating separate risk aversions (Ag;, As; and Ag;) affects the utility levels
derived by the agent. Each group's utility levels vary based on the specific risk aversion
parameters, showing how different ESG factors influence utility. Agents with higher
environmentalrisk aversion (Ag;) are more sensitive to changes in nonpecuniary benefits related
to environmental factors (bg;). As the nonpecuniary E benefits increase, the slope of the utility

function increases.

5.5.1.4 Utility Function Third Hypothesis
The utility function in the model of Hypothesis 3 is equal to the original:
V(Wu‘»xi) = —e AiW1i—gndiX;
Now, the negative ESG preferences (d;) are plotted against increasing ESG scores of companies

(gn)-
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FIGURE 4 - UTILITY FUNCTION HYPOTHESIS 3

Figure 4 shows that extending the range of ESG tastes to include ESG aversion significantly
affects the utility levels derived by the agent. The negative ESG taste is inversely related to the
ESG score of a company and the utility level derived. In scenarios with negative ESG scores, an
agent with a higher negative ESG taste (such as -5) loses the least utility. The strongly ESG-averse
agents derive more utility from negative ESG scores than those with lower ESG aversion (such as
-1). Consequently, agents with stronger negative ESG tastes gain relatively more utility with

negative ESG scores.

5.5.2 Asset Allocation Function

The analysis in this paragraph compares the four asset allocation functions. Each model
incorporates variations in critical parameters such as ESG preferences and risk aversion levels.
Theaimistoillustrate theimpact of these variations on investment decisions. Each graphisa plot

of the percentage of wealth invested in stocks (X;) ranging from 0 to 1 (100%).

5.5.2.1 Original Asset Allocation Function

The first plot is the original asset allocation function:
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X = 1/a0_1(.“ + 1/adig)-
This function determines the proportion of the agent's total wealth allocated to stocks without
differentiating based on the ESG score of different stocks. In Figure 5, the original equation is

plotted against the ESG preference of the agent.
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FIGURE 5 — ASSET ALLOCATION FUNCTION
PARAMETERS: 0 = 15%, tt = 5%, A =2 AND Wy;= 1

The plot demonstrates that as an investor's ESG preference increases, their allocation to the
stocks with higher ESG scores increases. This linear trend suggests that higher ESG preferences
lead to a higher willingness to invest in assets that align with these values, reflecting a direct

proportionality between ESG importance and investment decisions.

5.5.2.2 Asset Allocation Function First Hypothesis
The asset allocation function of the first hypothesis is the following:

Xi=1/qo  (u+1/aTeE + 1/ TS + 1/qT6:i6).
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In Figure 6, this equation is plotted for three agents with different parameters against an
increasing E score of companies (E). The parameters for the variation (o = 15%), expected return

(1 = 5%), risk aversion (A = 2) and wealth levels (W,;= 1) are held constant.

Asset Allocation Function H1

1.00

=]
b |
T

E Preference (Tg;)

Asset Allocation (X
)
n
[ )

=]
]
m

0.00

o
=
n
=

25 0.0 25
Company E Score

FIGURE 6 — ASSET ALLOCATION FUNCTION H1
AGENT 1 PARAMETERS: S =-1,G =2, Ts; =2AND T; =3
AGENT 2 PARAMETERS: S =-3,G =-2,Tg; =1AND T(; = 2
AGENT 3 PARAMETERS: $=0,G=4,Tg;=1AND T =4

The plot illustrates the relationship between the environmental preference (Tg;) and the E
score, highlightinghow varying levels of Tg; (1, 3, and 5) influence asset allocation. Additionally,
it underscores the importance of integrating separate E, S and G scores and preferences, which
results in a more nuanced and diverse asset allocation strategy.

As observed in the plot, higher Ty; generally lead to increased asset allocation in response to
positive E scores. Specifically, the blue line represents the highest E preference (Tz; = 5) shows a

significant increase in asset allocation as the E score improves. This indicates that agents with
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strongenvironmental preferences are more likely to allocate their assets toinvestments with high
E scores, reflecting their prioritization of environmental benefits.

The increasein asset allocationis less pronounced with the green and red line, suggesting that
while these agents value environmental criteria, their investment decisions are also influenced

by other factors, leading to a more balanced allocation strategy.

5.5.2.3 Asset Allocation Function Second Hypothesis
The second hypothesis produced the following asset allocation function:
Xi=ap to Y (u+ aptagTgE + ap~tagTs;S + ar~tag Ty G).
The equationis plotted in Figure 7 with equal parameters for the variation (o = 15%), expected

return (u = 5%), risk aversion (A = 2) and wealth levels (W,;= 1).
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FIGURE 7 — ASSET ALLOCATION FUNCTION H2
AGENT 1 PARAMETERS: S =-1,G=2,T;;=1,Tg;=2,Tz;=3,as=4AND a; =3
AGENT 2 PARAMETERS: S =3,G=-2,T;;=2,T5;=1,Tgi=2,a5=1AND a; =1

AGENT 3 PARAMETERS: $=0,G =4,T;;=4,Tg;=1,T¢; =4,a5=2AND a; =2
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The plotin Figure 7 demonstrates the relationship between the E score and asset allocation,
given different levels of E risk aversion (az =1, 3, and 5). The agent's E risk aversion now reflects
their aversion to poor ESG impacts, meaning higher E risk aversion leads to a greater allocation of
assets to companies with good ESG scores.

The plot reveals that higher E risk aversion (ag) leads to increased asset allocation for positive
E scores, with the blue line (az = 5) showing the most significant increase. This indicates that
agents with strong environmental risk aversion are more likely to allocate a more substantial
portion of their assets to investments with high E scores, reflecting their prioritization of
environmental benefits. However, higher E risk aversion alsoresultsin a sharper decrease in asset
allocation for negative E scores.

Compared to the previousfigure, including ESG risk aversionsin the current plot enhances the
positive relationship between asset allocation and ESG scores. It shows that agents with higher
ESG risk aversionsincrease their allocation more significantly with better ESG scores and reduce
it more severely with poorer ESG scores. This dual effect underscores the heightened sensitivity
introduced by ESG risk aversion. Overall, including ESG risk aversions adds a nuanced layer of risk

consideration to the asset allocation decision.

5.5.2.4 Asset Allocation Function Third Hypothesis
The third hypothesis proposes the following asset allocation function:
X;=alo Y (u+atgd).
The equationis plotted in Figure 8 with equal parameters for the variation (o = 15%), expected

return (u = 5%), risk aversion (A = 2) and wealth levels (W,;= 1).
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FIGURE 8 — ASSET ALLOCATION FUNCTION H3

The plotillustrates the impact of incorporating negative ESG tastes, or ESG aversion, on asset
allocations. Incorporating ESG aversion into the model impacts the asset allocation of all agents.
For negative ESG scores, all agents increase their asset allocation, reflectingthe increase in utility
derived from the negative ESG scores. However, asset allocation decreases as the ESG score shifts
from negative to positive.

The plot highlights that agents with higher negative ESG tastes (i.e., greater ESG aversion)
exhibit a more pronounced response to changes in ESG scores. Specifically, the blue line
represents an ESG aversion (d;) of -5 and shows a significant increase in asset allocation when
ESG scores are negative, indicating a stronger preference for investments with poor ESG
performance. This is contrasted with the red line (d; = —1), which shows a more moderate
increase in allocation for negative ESG scores. As the ESG score shifts from negative to positive,
agents with higher ESG aversion reduce their asset allocation more drastically.

Overall, the plot underscores the dual impact of negative ESG tastes on asset allocation:

positively influencing allocations for negative ESG scores and causing a sharper decline for
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positive ESG scores. This relationship highlights the sensitivity of asset allocation to ESG

performance, amplified by the level of ESG aversion.

5.5.3 Expected Excess Portfolio Returns

This section examines the average expected excess portfolioreturnsfor an agent's stock portfolio
by plottingthe outcomes of functionsincorporating ESG factors. The analysis is based on several
constant parameters, including a market return (u,,) of 3%, relative risk aversion (a) of 2, and
stock variance (o) of 15%. Additionally, the models integrate ESG considerations through
parameters such as the average ESG preference of market agents (d) and the ESG impact scores
(9’ and g) of the companies, both set at 3.

In this paragraph, the focus shifts from plotting the ESG score (or E score) on the x-axis to
plotting the difference in ESG tastes (§;) on the x-axis. This approach is employed to signify the
effect of changingthe differencein ESG tastes of the agent compared to the average taste of the
market. By focusingon §;, the analysis aims to illustrate more clearly how variations in the agent’s
ESG preferences relative to the average market preference influence expected excess portfolio

returns.

5.5.3.1 Original Excess Portfolio Returns Function
The original model of Pastor et al. (2021) proposed the following average expected excess
portfolio return function:
E[f;] = pm — 8i(a 307 d g'g).
This function is plotted in Figure 9 by comparing the effect of the changing difference in ESG
tastes between the agent and the average ESG taste of the market (measured by §; on a scale of

-5 to 5).
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FIGURE 9 — EXPECTED EXCESS PORTFOLIO RETURNS

The plot demonstrates the expected excess portfolio returns as a function of the difference in
ESG preference (;) between an agent and the market's average ESG preference. As §; increases
from -5 to 5, there is an apparent linear decrease in expected returns, indicating that agents
whose ESG preferences deviate positively from the market average experience lower expected
returns. This inverse relationship shows the trade-off between aligning investments with stronger
ESG preferences and achieving higher financial returns. These agents expect and accept lower
returns by investing with stronger ESG preferences in companies with a more positive ESG impact

(higher ESG score).

5.5.3.2 Excess Portfolio Returns Function First Hypothesis
The excess portfolio returns function from the first hypothesis is the following:

E[7] =ty — a 30 (g TEE'E + 85, TS'S + 66, T G'G + 65, T,E'S + 65, ToE'G +
8siTgS'E + 65;TgS'G + 64, TgG'E + 64, T,G'S).

The function is plotted in Figure 10 below.
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FIGURE 10 — EXPECTED EXCESS PORTFOLIO RETURNS H1
AGENT 1 PARAMETERS: E=2, §=-2,G=3, Ts=1.5,T;=2,85; =-2AND 8; = 1
AGENT 2 PARAMETERS: E =-3, §=-1,G=-1,Tg=2.5,T;=3,85;; =0AND §;; =1
AGENT 3 PARAMETERS: E =4, S=4,G=5,Tg=3,5,T;=4,55; =2AND 6;; =3

The plot compares the expected excess portfolio returns for three distinct agents, each
characterized by different ESG scores and average market ESG preferences (T, Ts and T;;). The
agents expected returns to decline, with different sensitivities, as dg; increases, showing an
inverse relationship with companies' E scores and Ty. Agents within a higher average market ESG
preference are willingto accept negative expected returns if these agents have even stronger ESG
preferences than the market.

Figure 10 demonstrates an inverse relationship between the expected returns and the
difference in ESG preferences (J8g;), with varying sensitivities based on individual agent
parameters. Agents with higher ESG scores and stronger market preferences experience a steeper
decline in expected returns as the difference in ESG preferences increases. This highlights the

varying financial impacts based on individual and diverging ESG preferences.
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5.5.3.3 Excess Portfolio Returns Function Second Hypothesis

The excess portfolio returns function from the second hypothesis is the following:
E[f;] = pm — ap30 (0285, TEE'E + a265;TsS'S + a264;T;G'G + agasby; T,E'S +

agagOg TeE'G + asagbs;TeS'E + aga; 85, T S'G + agag 64, TgG'E + agagbs; TsG'S).

The function is plotted in Figure 11 below.
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FIGURE 11 — EXPECTED EXCESS PORTFOLIO RETURNS H2
AGENT1:E=-2, §=-2,G=-1,T=0,T¢=1,T;=1,685; =-2, 85 =3, a5 =2 AND a; =3
AGENT2:E=1,5=1,G=1,Tg=2,Ts=2,T;=3,85;=0,8; =0,as =2AND a; =2
AGENT3:E=2, §=2,G=1,Tz=1,Ts=3,T;=2,85=2,8¢ =-2,as =3AND a; = 1

The function introduces financial risk aversion (az) alongside relative ESG risk aversions (ag, as
and a;) and the expected excess returns are plotted against the difference in ESG preference
between the agent and the market average (6z;). The results show an enhanced impact of ESG
preferences on expected returns, with agents displaying a relatively more substantial decrease in
returns as dg; increases. The third agent again shows the highest sensitivity, expecting stronger

negative returns than the previous model. Incorporating ESG risk aversions into the model thus
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enhances the impact of ESG preferences on expected returns, leadingto a more diverse expected

excess portfolio return across different agents.

5.5.3.4 Excess Portfolio Returns Function Third Hypothesis
The excess portfolio returns function from the third hypothesis is the following:
E[]= pm — 6;(a 307 1dg'g).

The function is plotted in Figure 12 below.
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FIGURE 12 — EXPECTED EXCESS PORTFOLIO RETURNS H3

Figure 12 provides an alternative perspective by examining the excess returns under the
assumption that the average preference of market agents for ESG is negative (d = -3). The range
of the difference in ESG taste between the agent and the market average (§;) is increased to -10
until 10 due to the addition of ESG aversion (as the ESG aversion increases, the ESG taste range
increases with 5). In this scenario, the relationship between §; and expected returns are positive,
indicating that agents with higher ESG preferences than the market experience higher expected
returns. Compared to thefirst plot, thisinversion of the relationship highlights the significantrole

that market-wide ESG preferences play in shapingindividual investment outcomes. It suggests
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that in markets where ESG aversion is prevalent, not aligning with these aversions and having a
positive ESG preference as an agent can lead to enhanced financial returns.

These plots illustrate the complex interplay between ESG preferences and financial returns,
highlighting how individual and market-wide ESG considerations can significantly influence
expected portfolio performance. The varying impacts observed across agents and model
specifications emphasize the need for tailored investment strategies that carefully balance ESG

objectives with financial goals.

5.5.4 ESG Portfolio Fraction

This section delves into the fraction of wealth invested in an ESG portfolio, as determined by the
various previously discussed models. The analysis employs key parameters such as relative risk
aversion (a) set at 2, stock variance (o) at 15%, an ESG impact score (g) of 2, and a scaling factor
(t) of 1. By examiningthe range of the differences in ESG preference between the agent and the
market average (6;) from -5to 5, the modelsaim toillustrate how these differences influence the
proportion of total investments allocated to the ESG portfolio by the agent. The resulting plots
will depict the relationship between §; and investment weight, providinginsights into how varying

degrees of ESG aversion or preference impact portfolio composition.

5.5.4.1 Original ESG Portfolio Fraction Function
The original model of Pastor et al. (2021) proposed the following function to express the fraction

of wealth invested in the ESG portfolio by an agent:

b =

a"2071u(8;9)
1+a=20"u(8;9)

This function is plotted in Figure 13.
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FIGURE 13 — ORIGINAL ESG PORTFOLIO FRACTION

Figure 13 illustrates the relationship between the difference in ESG preference (§;) and the
fraction of weight invested in the ESG portfolio. As §; increases from 0 to 5, indicating that the
agent has a higher preference for ESG compared to the market average, the fraction of
investment in the ESG portfolio also increases. This relationship shows that as an agent's
preference for ESG intensifies relative to the market, their allocation to ESG portfolios
proportionally increases, reaching just above 20% at §; = 5. This suggests that agents with
stronger ESG preferences than the market are willingto invest more heavily in ESG portfolios to

align their investments with their values.

5.5.4.2 ESG Portfolio Fraction Function First Hypothesis

The following function expresses the fraction of wealth invested in the ESG portfolio for three
agents with varying ESG scores and delta values:

d) _ a 20" u(8g;E+85iS+8iG)
L 1+a~ 20" Y (SgE+85iS+8¢iG)’

This function is plotted in Figure 14.
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FIGURE 14 — ESG PORTFOLIO FRACTION H1
AGENT 1 PARAMETERS: S =-2, G =3, 05; =-2 AND O = 1
AGENT 2 PARAMETERS: S =1, G =-1, §5; =0 AND §¢; =-1
AGENT 3 PARAMETERS: S =-4, G =5, §5; =2 AND §g; = 3

Figure 14 depicts the investment behaviour of three different agents based on varying
differences in ESG preference (65;) relative to the market average. Each agent's curve reflects
their unique ESG impact scores and delta values. The red and blue lines show increasing
investment fractions as &z; becomes positive, indicating that these agents have higher E
preferences than the market average, leadingthemto increase their ESG investments. The green
line shows a decreasinginvestment fraction as 8; increases, reflectingthat that agent has to deal
with a negative E score (-3). The ESG portfolio thus has a negative environmental impact, and the
agent will only increase the fraction invested in that ESG portfolio if the agent has a lower ESG
preference than the market average (negative &g;). This plot shows the heterogeneity in ESG

investment strategies driven by individual differences in ESG impact scores and preferences

relative to the market average.
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5.5.4.3 ESG Portfolio Fraction Function Second Hypothesis
The following function expresses the fraction of wealth invested in the ESG portfolio for three
agents considering different levels of relative ESG risk aversion:

(l) _ a;za‘lu(aEzS‘EiE+a565iS+aGSGiG)
L 1+a,?2a‘ltl(aE6EiE+a565iS+aGSGiG)'

This function is plotted in Figure 15.
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FIGURE 15 — ESG PORTFOLIO FRACTION H2

AGENT1:5=-2,G=3,085; =-2,05;=1,a5=1,as =2AND a; =3

AGENT2:5=1,G=-1,085;=0,05=-1,ap=2,as =3ANDa; =4

AGENT3:S85=-4,G=5,85;=2,05i=3,ap=3,a3=4ANDa; =5
Figure 15 incorporates differinglevels of relative risk aversion for each ESG component. The red
and blue lines continue to show positive relationships between 65; and theirinvestmentfractions,
though the slopes differ from those in the scenario of the first hypothesis. The green line still
exhibits a negative slope with an even steeper decline, indicating that environmental risk aversion

enhances the allocation of assets to negative ESG portfolios. This plot highlights the impact of

relative risk aversion on ESG investment decisions, showing that risk tolerance influences how
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differences in ESG preference translate into portfolio allocations. Notably, the relative ESG risk

aversions enhance the investment fraction, as agents might be concerned about the ESG risk of

their investments.

5.5.4.4 ESG Portfolio Fraction Function Third Hypothesis
The following function expresses the fraction of wealth invested in the ESG portfolio for three
agents with specific ESG impact scores over an extended range of §;:

i =

This function is plotted in Figure 16.

a20"1u(6;9)
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FIGURE 16 — ESG PORTFOLIO FRACTION H3

Figure 16 extends the range of §; to-10 to 10 and examines the investment fractions for three
agents with specific ESG impact scores (g). Here, §; incorporates the possibility of both positive
and negative ESG tastes (ESG aversion). The red and green lines have a negative ESG score, and
the blueline has a positive score. The plotreveals that investment fractions of the first two agents
increase as §; becomes more negative, indicatingthat these agents have a stronger negative ESG

preference than the market average and thus increase their investment in a negatively scored
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ESG portfolio. However, the third agent’s investment fraction increases significantly with higher
6;, indicating that he has a higher positive ESG preference than the market, increasing their
investment in positively scored ESG portfolios.

In summary, these four plots collectively illustrate the nuanced and diverse ways ESG
preferences relative to the market and risk aversion levels influence the fraction of total wealth
invested in stocks that would be invested in ESG portfolios. The analysis shows that while a
general trend of increased ESG investment with higher relative preferences exists, individual

characteristics and risk tolerances introduce significant variability in investment behavio urs.
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6 Discussion and Limitations

6.1 Implications of the First Hypothesis

The first hypothesis posits that separating ESG preferences into distinct Environmental, Social,
and Governance components significantly influences the prices of green and brown assets. The
model reveals that individual preferences for E, S, and G allow for a more detailed and accurate
representation of investor utility. This leads to a market where asset prices are influenced by
specific ESG factors rather than a single aggregated score. This nuanced approach aligns asset
prices more closely with the distinct ESG attributes of each asset.

The key results indicate that higher ESG preferences lead to lower expected returns for green
assets, as investors are willing to accept reduced financial returns in exchange for higher
nonpecuniary benefits. This is reflected in the lower equity premium and lower alpha for green
assets with high ESG scores, implyingthat investors are willing to accept lower returns for assets
with positive ESG impacts.

Furthermore, the model demonstrates how varying E, S, and G preferences among investors
create a more segmented market. This segmentation allows for a better match between investor
preferences and asset characteristics, enhancing the accuracy of the asset pricing model. By
incorporating divergent ESG components, the models capture the complex interplay between
financial returns and ESG factors, leadingto more informed and effective investment strategies.
Additionally, these preferences influence the fraction invested in stocks and the proportion
invested in the ESG portfolio from the total stock investment, demonstrating the broad impact

on portfolio allocation.

6.2 Implications of the Second Hypothesis

The second hypothesis explores the impact of integrating relative risk aversion linked to ESG
preferences on the prices of green and brown assets. The resultsindicate that higher relative risk
aversion towards ESG risks decreases the equity premium, reflecting lower demand for
compensation as perceived ESG risks diminish with higher ESG scores. Investors with higher ESG

risk aversions require lower returns to compensate for these decreased perceived risks.
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The model alsoillustrates an increased demand for assets with positive ESG scores as ESG risk
aversions rise. This shift results in higher prices for green assets and relatively lower prices for
brown assets due to their higher perceived ESG risks. Higher relative ESG risk aversions further
lower the alpha for green assets, reflecting investors' increased willingness to accept lower
returns due to reduced perceived ESG risks.

These findings underscore the importance of considering financial and non-financial risks in
investment decisions. By acknowledging the varied risk perceptions of investors, the model
captures a more accurate picture of market behaviour, reflecting the complexities of modern
investing. The adjustments in equity premium and investment fractions in green assets ensure
that the models align better with real-world scenarios, where investors' risk preferences

significantly influence their investment choices.

6.3 Implications of the Third Hypothesis

The third hypothesis examines the effect of incorporating ESG aversion into the utility function
on the prices of green and brown assets. The results suggest that investors with ESG aversion
prioritize higher financial returns over positive ESG impacts, favouring brown assets. This
incorporation reveals that ESG aversion leads to lower prices for green assets and higher prices
for brown assets, as investors seeking higher returns may opt for investments with negative ESG
impacts.

The results show that investors with negative ESG preferences demand higher returns as
compensation for holding green assets, leading to an increase in the alpha for these assets.
Conversely, green assets with positive ESG scores experience a decline in prices due to reduced
demand, while brown assets increase prices as demand rises.

This model adjustment provides a more comprehensive understanding of negative attitudes
towards companies' ESG characteristics. It highlights the importance of considering both positive
and negative ESG tastes in asset pricing models. By extending the range of ESG preferences to
include negative values, the models capture a broader spectrum of investor behavio ur, offering a

more nuanced view of market dynamics. This broader perspective on investor preferences
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impacts the fraction of total investment allocated to the ESG portfolio, demonstratingthe wide -

ranging implications of investor preferences on asset allocation and market behaviour.

6.4 Limitations

6.4.1 Assumptions used in the Models

6.4.1.1 Uniform Relative Risk Aversion

The models assume that relative risk aversions (a, ar;, ag;, as; and ag;) are constant across all
agents in the market. Although risk aversion varies amongindividuals, this simplification is made
for three reasons. First, it enhances analytical tractability, allowing more precise, better
interpretable results. Second, it facilitates comparative analysis by isolating the effects of other
variables on portfolio distribution and asset prices. Third, it enables the examination of financial
components of the entire market and interactions between the agent and the market, such as
the agent's portfolio investment weight based on the market portfolio's components and the
greenness of the ESG portfolio in the market. This assumption, however, may not reflect the
varying degrees of risk aversion observed among different investors due to personal

circumstances, investment horizons, and market conditions.

6.4.1.2 Assumption of Homogeneous Investor Behavior

The model assumes that investors within each preference category (E, S, G) exhibit homogeneous
behavior. In reality, investor preferences and behaviours are highly diverse and may not be
accurately captured by such simplifications. This limitation may lead to oversimplification of

complex market dynamics and investor motivations.

6.4.1.3 Market Average ESG Neutrality

Another critical assumption is that the market average ESG score is zero. This assumptionimplies
that the market, on average, is indifferent to ESG characteristics and simplifies the model by
eliminating the need to account for aggregate market bias towards or against ESG factors.
However, in practice, markets could have a positive or negative bias towards ESG factors,

influenced by regulatory environments, societal norms, and investor sentiment.
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6.4.1.4 Normal Distribution Of Returns

The assumption that the returns of a firm’s shares are typically distributed is employed for
mathematical convenience. Asset returns often exhibit fat tails, skewness, and other deviations
from normality, leading to underestimations of extreme market events and risks. This limitation
could affect the robustness of the model in predicting real-world outcomes, particularly during

periods of market stress or volatility.

6.4.1.5 Market Equilibrium Assumption

The model operates under the assumption of market equilibrium, where supply and demand are
balanced. This assumption may not hold in all market conditions, particularly during significant
market turbulence or structural changes. Therefore, the model's applicability to real-world

scenarios with market disequilibria is limited.

6.4.1.6 Exclusion of External Factors

The model focuses on ESG preferences and risk aversions without considering other external
factors influencing asset prices, such as macroeconomic conditions, geopolitical events, and
technological advancements. The exclusion of these factors may result in an incomplete

understanding of the determinants of asset prices.

6.4.1.7 No Transaction Costs and Market Frictions

The models assume a frictionless market without transaction costs, taxes, or otherimperfections.
This assumption simplifies the analysis but overlooks factors that can significantly influence
investment decisions and asset prices. Real markets are subject to various frictions that can affect
liquidity, trading volumes, and, ultimately, the prices of assets, especially those with high ESG

scores.

6.4.1.8 Single Period and Static Analysis
The models developed in this thesis operate within a single time period framework, considering
only two pointsin time: time 0 and time 1. This single period does not account for the dynamic

nature of financial markets, where investor preferences, market conditions, and asset prices
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evolve. The absence of multi-period analysis limits the understanding of long-term investment
behaviours and the temporal impacts of ESG factors on asset prices.

Additionally, the models provide a static analysis of asset prices without considering dynamic
factors such as time-varying risk aversion, changing market conditions, and evolving investor
preferences. Financial markets are inherently dynamic, and a static approach may not fully

capture the temporal aspects of investment decision-making and market behaviour.

6.4.2 ESG Risk Aversion
One notable limitation of this thesis lies in incorporating ESG risk aversionsinto the utility function
and the resultingasset allocation equation. The currently used interpretation of relative ESG risk
aversion is that agents are risk-averse to having a negative ESG impact. However, an alternative
interpretation of ESG risks presents a potential misalignment withthe model and plots. One could
suggest that ESG risk aversion reflects the perception of ESG scores as risky due to their possible
lack of objectivity or variability (see paragraph 3.3.1). Under this view, an agent perceives ESG
scores as inherently uncertain, which could influence investment decisions differently.

Incorporatingthisinterpretation wouldimply that higher ESG risk aversion might not uniformly
increase stock investment of positive ESG stocks, as agents might seek to hedge against the
perceived risks associated with fluctuating ESG scores. This nuanced perspective suggests that
while the current model captures one dimension of ESG risk aversion (sensitivity to poor ESG
impacts), another dimension exists where investors consider the variability and subjectivity of
ESG scores risky.

Future research should focus on refining the model to accommodate both dimensions of ESG
risk aversion, thereby developing a more comprehensive representation of how ESG risk

perceptions influence asset allocation in practice.

6.4.3 Data Limitation
A significant limitation of this thesis is the absence of a quantitative analysis to validate the
strength and fit of the models using real-world data. Due to limited time, conducting empirical

tests that would provide insightsinto how well these theoretical models perform in practice was
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impossible. Consequently, the fit and strength of the models with actual market data remain
unknown.

The absence of quantitative analysis means that conclusions are theoretical and must be
interpreted cautiously. Further empirical research is needed to assess these models' practical

implications and robustness in different market environments.

6.5 Future Research Directions

Future research should focus on empirically validating the theoretical models proposed in this
thesis. This involves collecting and analysing real-world data to test and refine the models'
predictions based on empirical findings. Expanding the models to include more complex
dynamics, such as time-varying risk aversion and market frictions, could provide a more
comprehensive understanding of ESG investing and its impact on asset prices. Addressing these
limitations will enhance the robustness and applicability of the models, providing deeperinsights

into the interplay between ESG factors and financial markets.
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7 Conclusion

This thesis examines the impact of incorporating investors' Environmental, Social, and
Governance (ESG) preferences into a general equilibrium asset pricing model on the asset prices
of green and brown assets. By extending the work of Pastor et al. (2021), this research dissects
the nuances of ESG preferences and explores how these preferences influence market dynamics
and asset prices. The central research question is: "What is the effect of incorporating investors’
Environmental, Social, and Governance (ESG) preferences in a general equilibrium asset pricing
model on the asset prices of green and brown assets?"

Three hypotheses were tested to address this research question, each focusing on a unique
aspect of ESG preferences and theirimplications for asset prices. The first hypothesisinvestigated
the effect of disaggregating ESG preferences into individual components on asset prices. The
findings indicate that separating these components leads to a more precise representation of
investor preferences, resulting in asset prices that better reflect the distinct ESG characteristics
of firms. This approach creates a differentiated market where green and brown assets are priced
more accurately according to specific ESG factors rather than a single aggregated score. The
increased accuracy leads to prices that could more closely reflect the true market spectrum of
green and brown asset values.

The second hypothesis examined the incorporation of relative risk aversion linked to ESG
preferences into the utility function. The results suggest that accounting for varying levels of ESG
risk aversion among investors enhances the model's ability to capture the interplay between
financial outcomes and ESG motivations. Higher relative risk aversion towards ESG risks decreases
the equity premium of green assets and increasesthe premium of brown ones, thereby impacting
the prices of both types of assets. Specifically, green assets with higher ESG scores might see
increased prices due to the lower risk premium demanded by investors. In contrast, brown assets
could experience relatively lower prices due to higher perceived ESG risks.

The third hypothesis explored the possibility of negative ESG tastes, or ESG aversion, and its
impact on asset prices. The analysis reveals that investors with ESG aversion prioritize higher

financial returns over positive ESG impacts, favouring brown assets. This leads to lower prices for
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green assets and higher prices for brown assets, reflecting shiftinginvestor preferences towards
financial returns over nonpecuniary ESG benefits.

This thesis provides a comprehensive framework for understanding how diverse ESG
preferences influence asset prices. The findings underscore the importance of incorporating
detailed ESG factors and ESG risk aversionsinto asset pricingmodels to capture investor behavior
and market dynamics more accurately. These insights are valuable for financial institutions,
policymakers, and researchers, highlighting the complex interactions between ESG
considerations and asset pricing. Future research should focus on empirically validating these
models and developing theoretical models with less stringent assumptions to reflect real-world
dynamics better.

This research contributes significantly to the existing literature by demonstrating that ESG
preferences and risk aversions are crucial factors in asset pricing. By incorporating these
elements, the models present a more accurate and nuanced understanding of market behaviour,
essential for developing effective investment strategies and policies promoting sustainable

finance.

7.1 Practical Implications

The insights from this thesis have broad implications for various types of investors, from large
financial institutions to private investors. For large financial institutions such as banks and asset
managers, understanding the impact of ESG preferences on asset prices is critical for optimizing
portfolio allocationstrategies and aligninginvestmentswith financial and ethical objectives. This
research provides a framework that supports the development of models reflecting diverse ESG
preferences, enhancing compliance with regulatory requirements and fostering sustainable
investment practices.

Incorporating detailed ESG factors into investment decisions also enhances the risk
management framework. Recognizing varyinglevels of risk aversion towards ESG risks helps tailor
investment strategies to achieve a balanced and diversified portfolio, meeting the expectations

of stakeholders who prioritize sustainable investing.
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Private investors can benefit from these insights by making more informed investment
decisions aligning with their values and financial goals. The results of this thesis allow investors to
improve their portfolios to achieve a balanced and diversified investment strategy, meeting their
sustainability priorities.

For financial institutions such as pension funds, the insightsfrom this thesis are highly valuable,
particularly in the context of EU regulations that mandate the incorporation of ESG preferences
of pension plan participants. Understanding the nuanced impacts of ESG preferences on asset
prices enables these institutions to optimize their portfolio allocation strategies, aligning
investments with financial and ethical objectives. This thesis provides a framework that can help
pension funds develop models that accurately reflect the ESG preferences of their contributors,

ensuring compliance with regulatory requirements.

7.2 Policy Implications

The findings have significant policy implications, particularly for regulators and policymakers
promoting sustainable investing. By providing a clearer understanding of how divergent ESG
preferences and ESG risk aversions affect asset prices, this research can inform the development
of policies and regulations that encourage transparency and standardization in ESG reporting.
The research shows that the ESG investment industry thrives on the dispersion of ESG
preferences and risk aversions. Therefore, policies that acknowledge and support this dispersion
can help foster a more dynamic and resilient ESG investment landscape. For instance,
encouraging firms to disclose detailed ESG metrics can help investors with varying preferences
and risk aversions make more informed decisions, stimulating the ESG investment industry.
Furthermore, the models developed in this research can guide the creation of frameworks that
integrate ESG risks into financial regulations, ensuring these risks are adequately addressed and
managed within the financial system. By recognizing the role of ESG risk aversionsin investment
decisions, regulators can develop policies that promote more resilient and sustainable financial
markets. For example, regulators might consider requiring financial institutions to account for
ESGrisk aversionsin their risk managementand portfolioallocation processes, thereby enhancing

the stability and sustainability of the financial system.
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7.3 Research Implications

This thesis's theoretical models and findings open several avenues for future research. A critical
next step involves empirical validation using real-world data to assess the models' practical
applicability and effectiveness. Future research should test the models across different market
environments and economic conditions to evaluate their robustness and generalizability.
Additionally, developing theoretical models with less stringent assumptions could provide a
framework that accurately reflects real-world conditions. This development would involve
relaxing assumptions about uniform relative risk aversion, single-period analysis, and static
market dynamics. Researchers can create more dynamic models that better capture the
complexities of investor behaviour and market interactions. This approach would enhance the
robustness and applicability of the models, providing deeper insights into the effects of ESG

preferences on asset prices.
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9 Appendices

9.1 Appendix A - List of Abbreviations

Abbreviation

Meaning

APM
CAPM
CAR

CSR

ESG

EU or E.U.
FP

GSI

MiFID I

Multilatinas
ROA

SRI

The U.S.

9.2 Appendix B - List of Variables

Asset pricing model

Capital Asset Pricing Model
Cumulative Abnormal Returns
Corporate Social Responsibility
Environmental, Social and Governance
European Union

Financial performance

Global Sustainable Investment Alliance
The second Markets in Financial Instruments
Directive

Latin American multinationals

Return on Assets

Socially Responsible Investing

The United States of America

Variable Meaning

vV The utility level of an agent

Wi The wealth level of an agent at time 0

Wy, The wealth level of an agent at time 1

w; The ratio of an agent’s initial wealth to the total
initial wealth of all agents

X; The fraction of the agent i's wealth invested in
stocks

A; The absolute risk aversion of an agent
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Ap;

Agi, Agi and Ag;
a;

ari

ag;, as; and ag;
b;

bg;, bs; and bg;

d;

Tgi, Ts; and Tg;

d

Ty, Ts and T

6;

Ogi, Os; and &g;

E,Sand G

Hm

The absolute financial risk aversion of an agent
The absolute E, S or G risk aversion of an agent
The relative risk aversion of an agent

The relative financial risk aversion of an agent
The relative E, S or G risk aversion of an agent
The nonpecuniary benefit of an agent

The nonpecuniary E, S or G benefit of an agent
The ESG preference of an agent

The E, S or G preference of an agent

The wealth-weighted mean of the ESG
preference of all agents

The wealth-weighted mean of the E, S or G
preference of all agents

The difference in ESG preference between an
agent and the wealth-weighted mean of the ESG
preference of all agents

The differenceinE, S or G preference between an
agent and the wealth-weighted mean of the E, S
or G preference of all agents

The ESG characteristic of a firm (
Jn) or the market

The E, S or G characteristic of a firm (
E,, S, and G,,) or the market

The riskless rate of return

The return of a firm n’s shares above the riskless
rate

The equilibrium expected excess returns

The market equity premium

The standard deviation of the stock
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2
Og

The market variance

The vector of weights in the market portfolio
The market beta

The CAPM alpha

The CAPM alpha of the ESG portfolio

A vector of ones

The fraction of wealth of an agent invested into
the ESG portfolio

The weights within the agent’s stock portfolio
The weights within an agent’s ESG portfolio
The greenness of the ESG portfolio

The excess return on the ESG portfolio

The beta of the ESG portfolio

The expected excess return on the ESG portfolio

The variance of the ESG portfolio

9.3 Appendix C — Extended Literature Review

9.3.1

Introduction

This Appendix presents an extended literature review, comprehensively examining the relevant

literature surrounding ESG preferences and asset pricing models. The extended review provides

a broaderand more detailed explorationcompared to the literature reviewincluded in the main

text of this thesis.

The research question addressed is: “What is the effect of incorporating ESG preferences of

investors in a general equilibrium asset pricing model on the asset prices of green and brown

assets?” The question is broken down into four parts.
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9.3.2 Sustainable Investing and ESG

9.3.2.1 Business Ethics

Theinvestinglandscape has significantly shifted from traditional financial performance measures
to a more inclusive approach considering ESG factors. This evolution is deeply rooted in the
broader discussion of business ethics and its gradual integration into companies’ operations and
policies. The work of Werhane and Edward Freeman (Werhane & Edward Freeman, 1999)
highlights the critical reassessment of the separation hypothesis, which posited a clear dividing
line between ethical and business decisions. Freeman (Freeman, 1994) defines the separation
hypothesis as the following theory:

The discourse of business and the discourse of ethics can be separated so that sentences like ‘x
is a business decision’ have no moral content, and ‘x is a moral decision’ have no business content.

This hypothesis has been challenged (Werhane & Edward Freeman, 1999), recognising that
business decisions are inherently infused with moral aspects. Werhane and Freeman laid the
foundation for integrating ESG criteria into investment analysis.

The shift towards sustainable investing is not just a response to changing social norms but a
reflection of a deeper understanding of corporate agency and responsibility. Werhane and
Freeman argue that companies exist as moral entities within a broader social fabric, with
responsibilities thatextend beyond maximising shareholder value and encompassing stakeholder
interests (Werhane & Edward Freeman, 1999). This perspective is in line with the Stakeholder
theory, which argues that companies should conduct business while considering the impact of
their actions on all stakeholders, including employees, communities, customers and the
environment (Donaldson & Preston, 1995; Freeman, 1994, 2010; Mitchell et al., 1997; Wood,
1991). The definition of stakeholders is not clearly defined. Donaldson and Preston (1995)
describe it as those who are instrumental to the firm and its well-being, one way or another.

Building on Werhane and Freemans’ perspectives on corporate agency and responsibility, the
transition to sustainable and green investing emerges as an extension of these ethical
considerations. This shift is not only a response to changing societal norms b ut also stems from
the recognition of corporations as moral entities that are obliged to respect and support the

interests of their stakeholders (Werhane & Edward Freeman, 1999).
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Green investing moves beyond traditional investment by valuing environmental management
and sustainability as core components of long-term business success. As Townsend (2020) argues,
the historical evolutionand growingvalidation of green investment strategies reveal a landscape
in which sustainability is not just a strategic advantage but a fundamental investment criterion.
Thisapproach aligns with the broader goals of social welfare and sustainability. It underscores the
potential of investment practices to contribute positively to global sustainability goals (Talan &
Sharma, 2019). The synthesis of more than 2,000 empirical studies further reinforces this view,
illustrating that integrating ESG considerations can secure and potentially improve financial
returns by addressing environmental, social, and good governance risks (Friede et al., 2015).

To dive deeper into the connection between business ethics and investing and highlight some
prominent forms of impact investing, corporate social responsibility (CSR), socially responsible

investing (SRI), green bonds, and ESG investing are discussed.

9.3.2.2 SRl and CSR Investing

Based on Hill et al. (2007), the discussion of corporate social responsibility (CSR) and socially
responsible investing (SRI) has evolved considerably from itsinitial stages in the mid-20th century.
Initially, CSR activities were linked to fulfilling social objectives alongside business activities,
influenced by the social movements and political agendas of the 1960s and 1970s. These
movements demanded a broader corporate focus on social issues. By the 1980s, attention
expanded to CSR based on its impact on internal and external stakeholders (Carroll, 1998;
Epstein, 1998; Frederick, 1994). The emergence of the Stakeholder theory in the mid-1980s
further fine-tuned the CSR debate by highlighting the interconnection of companies and society
(Freeman, 1994; Wood, 1991).

With SRI, investors align their financial goals with their social values. SRI runs parallel to the
development of CSR, which originated in the labour movements of the 1940s and gained
momentum with the social disruptions of the 1970s (Hill et al., 2007). The initial objective of SRI
was to promote societal welfare. However, it has deviated from that perspective and focused
increasingly on profitability (Revelli, 2017). This shift towards mainstreaming SRl raises concerns
about erodingits ethical basis. Rivelli argues thatto uphold its ethical principles, SRI must refocus

on ethical considerations rather than financial gains.
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With this shift towards profitability, research has also shifted towards the relationship between
financial returnsandsocialimpact. Some studies find they can coexist (Hill et al., 2007b; Krumsiek,
2003; Laufer, 2003; Mufioz-Torres et al., 2004). Nevertheless, the literature presents an overall
complex picture of the relationship between CSR initiatives and shareholder value, with studies
producing mixed results on whether ethical and social considerations improve or decrease
financial performance (Renneboog et al., 2008a; Revelli, 2017). Renneboog et al. (2008) review
the literature on S and critically examine several key areas. The main findings of their study
suggest a complex relationship between SRI and financial performance. They show that some
research has found that SRI funds perform worse than conventional funds.

The evidence is not indisputable. This ambiguity suggests SRI investors might accept lower
financial returns to achieve their social or ethical goals (Renneboog et al., 2008). The findings of
Riedl and Smeets (2017) support this. Theyinvestigate why investors choose socially responsible
funds by linkingadministrative data, survey responses and results of incentivised experiments to
understand the underlying motives. Their findings suggest that investingin SRIs is driven more by
social preferences than financial motives, despite recognising that SRl funds tend to have higher
management costs and investors’ expectations of potentially lower returns than conventional
funds (Riedl & Smeets, 2017). The study shows a willingness among investors to trade financial
performance for investments that align with their social values. This suggests a desire amongSRI
investors to give up certain economic benefits to support their social reasons.

Onthe other hand, Flammer (2015) finds that CSR proposals can lead to positive announcement
returns and improved accounting performance. Flammer analyses shareholder proposals related
to CSR that narrowly pass or fail. Using a quasi-experimental regression discontinuity design,
Flammer shows that adopting CSR proposals that barely meet the vote threshold results in
positive announcement returnsand improved accounting performance. The study further reveals
that improved labour productivity and sales growth significantly contribute to the perceived
financial surplus. This evidence suggests that CSR initiatives align with ethical and social values
and serve as profitable investments, potentially challenging other views on the trade-off between

social responsibility and financial gain.
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Revelli and Viviani’s (2015) meta-analysis attempts to find a definitive answer on the
relationship between CSR and financial performance. They join the findings of 85 studies involving
190 experiments. The outcomes demonstrate that CSR in stock market portfolios does not have
an inherent effect of changingfinancial performance compared to traditional investments (Revelli
& Viviani, 2015). These results indicate, however, that the divergence of findings from previous

studies is primarily due to the specific SRl dimensions studied.

9.3.2.3 Green Bonds

Green bonds are unique fixed-income securities created to raise funds for projects with positive
environmental impacts. Unlike traditional bonds, the funds generated from green bonds are
dedicated to environmentally friendly projects, offering investors a straightforward way to
support environmental sustainability while earning returns similar to conventional bonds. The
Green bond market has experienced significant growth since its inception. The Climate Bonds
Initiative reported that the issuance of green bonds hasincreased from a small beginningto over
250 billion USD worldwide in 2019, indicatinga growing interest among investors and issuers
(Harrison & Muething, 2021).

As the Green bond market matures, its expansion is supported by establishing standards and
guidelines, such asthe Green Bond Principles (Green bond Principles, 2021). These Principles are
designed to improve transparency, disclosure, and credibility in the green bond market.

The most prominent questionin research ongreen bonds hasbeen whatincentivises borrowers
to use them. The signalling theory proposes that using a green bond reduces information
asymmetry between the company’s management and investors and provides a credible signal
regarding the company’s sustainability goals (Flammer, 2021). The Greenwashing theory provides
reasoningthatissuinggreen bondsis costly due to the costs of accreditation and possible higher
costs of capital. Besides that, the lack of public governance in the green bond market creates a
greenwashing incentive for issuing green bonds (Flammer, 2021). A third theory is the cost of
capital theory, which proclaims that investors benefit from holding green assets (Fama & French,
2007). Due to theincrease in utility, investorswould accept lower returns, and green bonds would
have lower capital costs (Fama & French, 2007). Green bonds would thus be cheaper than their

conventional counterparts. Flammer (2021) examines the possible theories on the use of green
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bonds. Her research looks into the stock market’s response to the announcement of green bond
issuances, revealing a positive reaction particularly pronounced for first-time issuers and bonds
certified by third parties. Therefore, Flammer suggests that these bonds provide a credible signal
of a company’s environmental commitment.

Moreover, the issuance of green bonds is linked to improved environmental performance
among issuers, including higher environmental ratings and reduced CO2 emissions (Flammer,
2021). Additionally, Flammer observes an increase in ownership by long-term and
environmentally conscious investors after the issuance of green bonds. All these findings align
with the signalling theory and contradict the greenwashing theory.

Regarding the cost of capital theory, Flammer (2021) and Tang and Zhang (2020) do not find
evidence of a pricing premium for green bonds compared to conventional bonds. Tangand Zhang
studied the positive impact of green bond issuance on issuers’ stock prices. Concerning the
issuance of green bonds, their study does not find evidence of a green premium in bond pricing.

However, Baker, Bergstresser, Serafeim, and Wurgler (2018) presenta U.S. green bond market
analysis focusingon how these bondsare priced. The findings indicate that green municipal bonds
tendto beissued at a premium to ordinary bonds, which increases for bonds externally certified
as green. Zerbib (2019) also investigates the possible green bond premium and finds a small, yet
statistically significant, negative green bond premium, suggesting that, on average, green bonds
yield slightly lower than conventional bonds by around two basis points. This negative premium
increases with financial and lower-rated bonds (Zerbib, 2019).

The pricing behaviour found in Baker et al. (2018) and Zerbib (2019) underlines the market’s
valuation of the environmental attributes of green bonds, contraryto Tangand Zhang(2020) and
Flammer (2021). Additionally, the ownership of green bonds, particularly those certified as green,
is more concentrated, suggesting a strong preference among certain investors for
environmentally beneficial investments.

Overall, research thus far has found strong arguments to support the signalling theory.
However, the debate about the cost of capital theory is still undecided, with both sides finding

robust empirical evidence.
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The search for a significant positive relationship between the use of green bonds and financial
performance has also been a prominent research subject in this domain. As stated earlier,
Flammer (2021) found a positive share price reaction of green bond issuers, particularly
pronounced for first-time issuers and bonds certified by third parties. Tangand Zhang (2020) also
studied the positive impact of green bond issuance on issuers’ stock prices. The analysis, which
covers 28 countries from 2007 to 2017, indicates that firm stock prices generally react positively
to announcements of green bond issuance. The study also reveals an increase in institutional
ownership, particularly from domestic institutions, and significant enhancements in stock
liquidity followingbond issuance. These results imply thatissuing green bonds can be a strategic
decision for firms, benefiting current shareholders by improving firm value, attracting

institutional investors, and enhancing market liquidity (Tang & Zhang, 2020).

9.3.2.4 ESG Investing and ESG Divergence
ESG investing has emerged from its predecessor, Socially Responsible Investing (SRI), by
incorporatinga broader range of ethical considerations (Townsend, 2020). This transition towards
ESG criteria has gained considerable traction since the late 20th century, emphasising the
integration of environmental stewardship, social responsibility, and governance ethics into
investment decision-making (Townsend, 2020). The shift from traditional SRI practices to ESG-
focused investing has resulted in substantial asset growth under management, as the Global
Sustainable Investment Alliance (GSI) reported in 2022. In the five major markets, sustainable
investment assets reached an impressive 21.9 trillion USD, marking a remarkable 20% increase
from 2020 (Global Sustainable Investment Review 2022, 2023). This exponential growth signifies
a broader recognition within the investment community regarding the significance of ESG factors
in risk mitigation and positive financial opportunities. The increasing availability of ESG data has
played a crucial role in facilitating this transition, enabling diverse investors to incorporate ESG
considerations into their investment strategies (Global Sustainable Investment Review 2022,
2023).

Before paragraph 3.3 dives into the benefits of ESG investing, the problem of ESG divergence
must not be overlooked. ESG divergence occurs when the ESG scores of companies differ amongst

ESG rating agencies. Berg, Kolbel, and Rigobon (2022) address the significant ESG divergence
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observed from various providers. Using data from six prominent ESG ratingagencies, their study
highlights substantial discrepancies, with correlations between ESG ratings ranging from 0.38 to
0.71. The authors attribute this variation primarily to differences in ‘measurement,’ accounting
for 56% of the variability, as agencies use different indicators to evaluate equal ESG factors.
‘Scope’ divergence, which refers to the differences in the ESG aspects that agencies choose to
consider, contributes 38% of the variability. The differences in the weighting of ESG components
(‘weights’) only contribute 6%.

Next to divergence, ESG scores might be inflated based on company characteristics or a ‘rater
effect’. Therater effect is the tendency of ESG ratingagencies to adjust the scores of specific ESG
components based on the scores for other components (Berg et al., 2022). This effect shows the
substantial conflict of interestrating agencies have by being paid by the companiesthey are rating
(Berg et al., 2022). Drempetic, Klein, and Zwergel (2020) reveal a notable positive relationship
between firm size and the ESG scores issued by ratingagencies. Theirresultsindicate a potential
bias in ESG scoring that benefits larger corporations, potentially due to their higher capacity to
report and handle ESG-related information.

The ESG divergence and score inflation pose significant challenges in evaluating a company’s
ESG performance. It can weaken companies’ motivation to enhance their ESG practices and result
in a fragmented market pricing of ESG actions (Berget al., 2022). Standardised ESG measurements
would simplify the assessment of a firm’s ESG profile for investors and shareholders, provide
borrowers and companies with more precise benchmarks, and encourage more focused efforts

towards sustainability (Berg et al., 2022).

9.3.3 Investor Benefits of ESG Investing

This paragraph examines the benefits of increasing ESG scores for a company’s investors
(commonly shareholders). The nonpecuniary benefits of ESG investing are first analysed, after
which a potential positive relationship is investigated between the firm’s financial performance

and insurance benefits.
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9.3.3.1 Non-pecuniary Benefits of ESG

A driver behind the growth in ESG investments may be that investors obtain non-pecuniary utility
from aligning their investments with their social preferences. If shareholders have ESG
preferences, firms could and should pursue maximising shareholder welfare and incorporate
these preferences (Hart & Zingales, 2017). Some empirical studies find evidence of non-pecuniary
preferences. For instance, flows to SRI mutual funds are less volatile than flows to non-SRI funds
(Bollen, 2007), and these flows are less responsive to negative past performance (Rennebooget
al., 2011). These results show that investors have preferences past the conventional financial
benefits. Additionally, investors in SRl funds indicate a willingness to forgo financial performance
to align with their social preferences (Riedl & Smeets, 2017).

Amirand Serafeim (2018) present a thorough assessment of the reasons and methods through
which investors use ESG information. They note a substantial increase in companies disclosing
ESG data, from fewer than 20 in the early 1990s to nearly 9,000 by 2016. Ethical concerns drive
ESG investment decisions (Amir & Serafeim, 2018). Nevertheless, the relevance of ESG to
investment (financial) performance is shown to be the primary driver of ESG investments (Amir
& Serafeim, 2018).

Barber et al. (2021) find that venture capital funds that aim for both financial return and social
impact tend to earn lower returns than other funds. They argue that this discrepancy is due to
the non-pecuniary satisfaction investors receive from investing in social impact funds.

Expanding on this work, Kraussl et al. (2024) explore investors’ expectations, beliefs, and
perceptions regarding ESG investing. Their review emphasises the importance of understanding
investor psychology and the societalimplications of investment choices (Krdussl et al., 2024). They
show that nonpecuniary benefits, such as ethical alignment and social responsibility, are vital in
shaping investor preferences and strategies in ESG investing (Krdussl et al., 2024).

Duchéne et al. (2022) bring a nuance to the non-pecuniary ESG benefit debate. They studied
the impact of environmental externalities on portfolio decisions with an experiment involving
finance professionals and students. Their findings reveal that participantsaccepted lower returns
for investments with positive environmental impacts, showing the non-pecuniary benefits the

investors had. However, participants were reluctant to take higher risks for non-pecuniary
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benefits, particularly when portfolios were riskier. Duchéne et al. link these results to the
implications of systematic economic downturns. This tendency to seek higher returns at the
expense of non-pecuniary benefitsin riskier timesis supported by Bansal et al. (2022), who show
a wealth-dependent preference for SRI. They find that investors’ demand for SRl decreases in dire
economic conditions. This decrease indicates wealth influences the degree to which investors

prioritise ESG criteria.

9.3.3.2 Financial Performance Benefits of ESG

As shown by Amir and Serafeim (2018), one of the primary drivers of ESG investingis the financial
performance of investments. A wide array of research has been done on the possible positive
relationship betweena company’sfinancial performance (FP) and its ESG performance. According
to the conventional neoclassical perspective, there would not be such a positive relationship.
Engagingin ESG activitiesimposes additional expenses on a company (Hassel et al., 2005; Palmer
et al., 1995; Semenova & Hassel, 2008), subsequently affecting its financial performance. For
example, the investmentsrequired to decrease emissions or increase the efficient use of natural
resources could be deemed excessive compared to traditional methods (Rassier & Earnhart, 2011;
Sueyoshi & Goto, 2010). Consequently, the costs associated with transitioning to cleaner
technologies become higher. When these firms opt to invest in environmental initiatives, their
resources are compromised, which leads to a decline in their overall financial performance.

This classical approach has, however, been shown to be inconsistent. Friede et al. (2015)
conducted a meta-review of over 2200 individual studies on the relationship between ESG and
FP. They showed a positive relationship and that the positive correlations have been stable since
the mid-1990s (Friede et al., 2015). Approximately 90% of studies find a non-negative ESG—FP
relation, of which 79.2% vyield positive findings with a central average correlation level of around
0.15 (Friede et al., 2015).

Velte (2017) builds upon the foundational work of Friede et al. (2015) by further exploringthe
connection between ESG factors and financial performance in the context of German-listed
companies (DAX30, TecDAX, MDAX) from 2010 to 2014. The analysis of 412 firm-year
observations reveals that ESG positively impacts the Return on Assets (ROA). However, no

significant effect on Tobin’s Q was found. Furthermore, when examining the individual
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components of ESG, governance performance emerges as the most influentialfactorin F.P. Yoon,
Lee, and Byun (2018) build upon this by investigating the ESG-FP connectionin the Korean market.
Their study reveals that ESG practices contribute to firm market value in Korea. However, unlike
in Germany, the impact of ESG on firm value in Korea varies depending on firm characteristics
and industry ESG sensitivity. The firm value enhancement is weakened for firms in
environmentally sensitive sectors. Additionally, governance practices drive market value for
chaebols, large family-run conglomerates in Korea. This market driver suggests that country-and
sector-specificaspects and corporate governance structures influence the increase in F.P. through
ESG efforts.

Despite the findings of Friede et al. (2015), Velte (2017) and Yoon, Lee, and Byun (2018), it is
not all unicorns and rainbows in the ESG and financial performance relationship. Duque-Grisales
and Aguilera-Caracuel (2021) show a more nuanced image of the relationship between ESG scores
and the financial performance of multinationals in emerging markets. Duque-Grisales and
Aguilera-Caracuel (2021) specifically look at Multilatinas, Latin American multinationals, and they
focused on measuring financial performance through Return on Assets (R.O.). Surprisingly, their
findings revealed a significant negative correlation between higher ESG scores and ROA,
challengingthe commonly observed positive association in developed markets (Duque-Grisales &
Aguilera-Caracuel, 2021). Additionally, the study showed moderating effects of financial slack and
geographic international diversification. They define financial slack as the level of liquid assets,
such as cash, that a firm has without commitments to any specific goals, and geographic
international diversification is a firm’s sales distribution across different global regions. Financial
slack positively influenced the relationship between ESG and financial performance, and the
effect of geographic diversification on this relationship was more nuanced (Duque-Grisales &
Aguilera-Caracuel, 2021).

Addingtothenuance ofthe ESG-FPrelationisthe disclosure level of ESG information. The study
by Fatemi et al. (2018) uncovers a nuanced relationship between the disclosure of ESG practices
and firm value. Their findings suggest that when companies openly discuss their ESG initiatives, it
can have a dual effect on firm value. While transparency may weaken the perceived value of ESG

strengths due to concerns about greenwashing, it can also help mitigate the negative impact of
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ESG weaknesses by demonstrating accountability and commitment (Fatemi et al., 2018). This
research highlights how a firm communicates about its ESG activities, which can significantly
influence investor perception and market valuation. The findings of Xie et al. (2019) partly support
these findings by showing that more disclosure is not always advantageous and that there is a
‘bell-curve effect’ of ESG disclosure. There is an ideal level of ESG disclosure that can optimise a
firm’s operational efficiency (Xie et al., 2019). Insufficient disclosure hinders stakeholders from
accurately assessinga company’s ESG efforts. Too much disclosure may burden stakeholders with
irrelevantinformation andincrease administrative costs (Xie et al., 2019). Therefore, maintaining
a balanced level of disclosure provides stakeholders with valuable insights into a company’s ESG
practices without the downsides of signalling greenwashing, information overload or high

reporting costs.

9.3.3.3 Risk Management Benefits of ESG
Besides looking at direct financial performance and non-pecuniary benefits, ESG could also
positively affect investors through the hedging possibilities of ESG investments.

Before ESG activities and ESG investing grew to their current size, investors and research
focused on CSR activities and investing. Godfrey et al. (2009) looked into the notion of CSR as a
means of managing risk, and they propose that CSR initiatives can function as a form of
‘insurance-like’ safeguard for companies. CSR activities aimed at a firm’s secondary stakeholders
(institutional CSR activities) provided insurance of shareholder value in the face of unfavourable
circumstances: the Cumulative Abnormal Returns (CAR) of firms around adverse events
decreased significantly less if the firm was engaged in institutional CSR activities (Godfrey et al.,
2009). The authors argue that engaging in CSR activities creates positive perceptions among
supervisory authorities and other stakeholders, which can help alleviate penalties and decrease
negative judgments directed towards firms during challenging situations.

More recent studies have emphasised the crucial importance of ESG factors in improving
corporate risk management. Sassen et al. (2016) conducted a thorough analysis of the influence
of ESG factors on market-based firm risk in Europe. Their investigation, covering an extensive
panel dataset of European companies between 2002 and 2014, discovered a nuanced connection

between social performance and various dimensions of firm risk. Specifically, improving social
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performance is linked to decreasing total and idiosyncratic risk. Environmental performance
primarily decreases idiosyncratic risk and, to a lesser extent, affects total and systematicrisk in
environmentally sensitive industries. The study does not find any significant influence of
corporate governance performance on firm risk, indicating the intricate relationship between
different ESG aspects and risk mitigation (Sassen et al., 2016).

Kumar et al. (2016) take a different approach to studying the correlation between ESG activities
and risk management by using a quantitative model to assess the risk-adjusted performance of
companies that incorporate ESG factors compared to those that do not. Their research reveals
that ESG companies display decreased volatility in stock performance when contrasted with their
non-ESG counterparts, indicating a concrete advantage in risk mitigation. Remarkably, this risk
reduction does not compromise returns: Kumar et al. find that ESG companies exhibited superior
returns, challengingthe traditional financial belief that lower risk inevitably leadsto lower returns
(Kumar et al., 2016).

Verheyden, Eccles, and Feiner (2016) specifically focus on the quantitative impact of ESG
screening on investment portfolios, offering valuable insights for risk management and
investment strategy development. The results of their analysis show that portfolios that
incorporate ESG screening not only maintain returns but also have the potential toimprove risk-
adjusted returns. This improvement shows again that there could be a win-win game regarding
ethical considerations and financial performance.

Lastly, Moallaand Dammak (2023) present a detailed analysis of the relationship between ESG
performance and stock market volatility in the context of the COVID-19 pandemic. By examining
500 U.S. companies listed on the S&P 500, the authors find that strong ESG performance is
associated with decreased stock price volatility during the pandemic. This decrease in volatility
highlights the additional potential of using ESG investing as a risk management tool in times of
crisis.

Instead of looking at the positive side of high ESG performance on risk management, Luo and
Balvers (2017) and Hoepner et al. (2023) research the negative implications of low ESG
performance. Luo and Balvers (2017) find a premium for boycott risk. Boycott risk emerges

because socially responsible investors reduce the demand for public firms’ stocks that produce
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alcohol, tobacco, and gaming (sin stocks) by avoiding them. This forces other investors, who do
not exclude these stocks based on ESG criteria, to demand extra compensationfor holdingthem
in their portfolios due to the increased risk. This scenario leads to a premium for systematic
investor boycott risk (Luo & Balvers, 2017). Hoepner et al. (2023) find that ESG engagement
reduces firms’ downside risk and their exposures to a downside risk factor. The downside risk is
the market’s potential undervaluation of assets or sectors, which stems from the possibility that
companies with a bad ESG performance may encounter unforeseen challenges or liabilities. These
factors can harmtheir financial performance and, consequently, their market valuation (Hoepner

et al., 2023).

9.3.4 Asset Pricing Models

An asset pricingmodel (APM) is a theoretical model that aims to determine the expected return
on an asset, thereby providing insight into the fundamental value of financial assets. The
fundamentalvalue of an assetis the natural price: a price that gives the owner a sufficient profit,
dependent on several characteristics of the commodity (Smith, 1776). These models serve as
elementarytoolsin finance, guidingresearchers, investors, portfolio managers, and policymakers
by outlining how different risk factors should be considered when pricing assets. At their core,
APMs seek to explain why assets are priced differently and how expected returns are related to
an asset’s risk characteristics. By quantifying the connection between risk factors and return,
APMs facilitate constructing optimal portfolios, allocating capital, and implementing risk
management strategies. They incorporate various economic and financial principles, including
market efficiency, investor behaviour, and equilibrium mechanisms. With those principles, APMs
provide a systematic approach to evaluating investment opportunities in intricate financial
markets.

The beginning of APMs lies in the work of Harry Markowitz (1952). His Modern Portfolio Theory
introduced the concept of mean-variance efficiency, emphasising the importance of
diversification and the trade-off between risk and return. This trade-off involves distinguishing
between several types of risks: systematic risks (which cannot be eliminated through
diversification and are inherent to the market) and idiosyncratic risks (which are specific to a

particularasset and can be mitigated through diversification). According to Markowitz, investors
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should choose portfolios not just based on expected return but also considering the variance of
portfolio returns, leading to the construction of efficient portfolios that maximise returns for a
given level of risk or minimise risk for a given level of return.

The Single Index Model is then introduced as a practical application of the Modern Portfolio
Theory (Sharpe, 1963). Sharpe’s model simplifies the complex covariance analysis required and
proposes that the return on any asset can be described by its relationship with a single market
index and a security-specific return. The computational requirements for portfolio optimisation

are drastically reduced, allowing for analysing a significantly larger number of securities.

9.3.4.1 Capital Asset Pricing Model

Building upon Markowitz’s and Sharpe’s work, William Sharpe (1964) and John Lintner (1965)
developed the Capital Asset Pricing Model (CAPM), a significant breakthrough in the theory of
asset pricing. The CAPM theorises a linear relationship between the expected return of an
investment and its beta, a measure of the investment’s systematic risk relative to the market. This
revolutionary model provided a simple yet powerful basis to assess how market risk should be
compensated in the expected returns of assets, distinguishing between diversifiable
(unsystematic) and non-diversifiable (systematic) risks. CAPM’s introduction marked a critical
moment in the evolution of financial theory, settingthe stage for decades of research and debate
(Rossi, 2016).

Black (1972) extends CAPM by exploring the implications of limited borrowing on capital
markets. Black proposes a variant of the CAPM that accounts for scenarios where investors are
restricted from borrowing at the risk-free rate. This variant led to a market equilibrium where the
expected returns on assets are not solely explained by their market beta but also by other factors
introduced by the borrowing constraints.

Another expansion of the CAPM is to incorporate time into the valuation of assets (Merton,
1973). Merton’s model acknowledges that investment opportunities and rates of return are not
constant over time but evolve, introducing the Intertemporal Capital Asset Pricing Model
(ICAPM). ICAPM accounts forinvestors adjusting their portfoliosin response to shifting economic

conditions, significantly impacting asset prices and expected returns.
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The consumption-based capital asset pricing model (CCAPM) is another extension of the CAPM
thatintegrates consumer preferences and consumption patternsinto the pricing of assets (Duffie
& Zame, 1989; Lucas, 1978). Lucas (1978) introduces a model that illustrates how asset prices are
determined in an exchange economy, highlightingthe role of consumptionininfluencingprices.
In his model, asset prices reflect the anticipated utility derived from future consumption, and the
utility fluctuates with changesin the economicenvironment and the consumption preferences of
individuals. Building on these ideas, Duffie and Zame (Duffie & Zame, 1989) break down the
specific mathematics required for the CCAPM to work as expected. They built on Douglas
Breeden’s CCAPM (1979) and improved how interest rates were understood, thanks to Cox,
Ingersoll, and Ross’s (1985) work. Duffie and Zame’s model does not assume the economic
environment is predictable or follows a set pattern over time, known as the Markovian state
assumption. In that way, Duffie and Zame’s CCAPM could be applied to more real-world scenarios
and increase the understanding of the ups and downs of asset prices that resemble the real

economy more closely.

9.3.4.2 Arbitrage Pricing Theory

The Arbitrage Pricing Theory (APT) provides an alternative to the CAPM by introducing multiple
factorsinfluencingasset returns and prices based on the absence of arbitrage (Ross, 1976). Ross’s
theory states that returns can be predicted by the asset’s sensitivity to various macroeconomic
factors, not just the market’s overall movement. With no arbitrage opportunities, Ross stipulates
that there should be no room for quick, risk-free profits for investors. APT’s innovation lies in its
flexibility: it does not specify the exact factors a priori, allowing for a broaderinterpretation and
use.

In 1982, Huberman clarified the definition of arbitrage and provided an intuitive, simplified
proof that the absence of arbitrage opportunities leads to a linear relationship among asset
returns and their covariances with certain factors (Huberman, 1982).

Solnik extends the APT into a global context. The International Arbitrage Pricing Theory (IAPT)
addresses the complexities of international asset pricing without requiring utility-based models
(Solnik, 1983). By focusing on perfect capital markets, Solnik illustrates that differences in

investors’ consumption tastes or the currencies in which they measure returns do not hinder the
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use of APT, provided there is a common belief in a multi-factor model governing asset returns.
Furthermore, he suggests that the world market portfolio will not be universally optimal due to
the necessity of ‘hedge’ portfolios, which depend on the covariance of asset returns with state

variables.

9.3.4.3 Multiple Factor Models
Following the creation of CAPM, it became clear that the model was accessible and quickly
adopted by researchers, investors, and regulators alike. However, criticisms arose regarding its
empirical strength and potential inherent flaws of CAPM (Blume & Friend, 1973; Roll, 1977). Fama
and MacBeth tested the predictions of CAPM and examined the possibility of additional risk
factors affecting asset prices (Fama & Macbeth, 1973). One of the most significant findingsis the
confirmation that the market portfolio’s risk (bet) is a critical determinant of asset prices.
However, Fama and MacBeth’s work suggests that other risk factors beyond market beta could
influence expected returns, pointing towards developing multi-factor asset pricing models.

Eugene F. Fama and Kenneth R. French continued the notion of multiple risk factors. Their
groundbreaking work in the early 1990s, particularly their 1992 study, introduced the Three-
Factor Model (Fama & French, 1992). Besides CAPM’s market risk factor, the Three-Factor Model
states two other factors are essential in explainingthe variations in stock returns: the size of firms
and the book-to-market equity ratios. Fama and French suggest that smaller firms (small size
effect) and firms with high book-to-market ratios (value effect) tend to offer higher average
returns than what could be predicted by their market risk alone. Their extensive empirical work
demonstrated that these factors capture a sizeable portion of the variance in stock returns that
CAPM could not explain, thereby providing a more robust model (Fama & French, 1993). Their
subsequent studies, includingthose in 1995 and 1996, further examined these variances and the
robustness of the Three-Factor Model, consistently finding evidence that contradicted the
CAPM'’s predictions (Fama & French, 1995, 1996).

Fama and French’s Three-Factor Model has more recently been evaluated on its global
applicability, providing a nuanced perspective on whether these factors hold across different
national markets or are predominantly country-specific (Griffin et al., 2002). The study

demonstrates that domesticversionsofthe Three-Factor Model outperform a global approachin
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explaining stock returns. This finding suggests that while Fama and French factors are robust,
their influences are more pronounced when analysed within the context of individual countries
rather than on a global scale.

The next advancement came from Carhart with his Four-Factor Model, which extends the
three-factor model by incorporating momentum as an additional factor (Carhart, 1997). This
additional factoris based on the observed phenomenonthat stocks showing strong performance
over the past year tend to continue to perform well in the near term. Carhart’s analysis shows
that this momentum factor is crucial for explaining the differences in mutual fund returns. His
work also challenges mutual fund performance and persistence. It suggests that common factors
in stock returns, combined with investment expenses and momentum strategies, largely explain
the variations in mutual fund returns.

In their 2015 publication, Fama and French introduced the Five-Factor Model (Fama & French,
2015). This model builds upon the Three-Factor Model and overcomes some limitations by
incorporating two additional factors: profitability (RMW, robust minus weak) and investment
(CMA, conservative minus aggressive). Consideringa firm’s profitability and investment patterns,
this model thoroughly explains stock returns. Nevertheless, the Five-Factor Model struggles with
small stocks that exhibit similar return patternsto firms engagingin high investment despite low
profitability. The aforementioned highlights the complexities within financial markets that the
model, despite its progress, fails to comprehend completely.

The applicability of the Five-Factor Model across different global regions has also been
evaluated (Fama & French, 2017). Fama and French confirm that stock returnsincrease with the
book-to-market ratio (B/M) and profitability while negatively related to investment across most
regions, with some variation. For example, while the relationship between average returns and
B/M remains strong in Japan, the connections to profitability and investments are less

pronounced. The Five-Factor Model is mainly successful in capturing patternsin average returns.

9.3.5 Asset Pricing Models with ESG
A morerecent phenomenonin Asset Pricing Models is the inclusion of ESG aspects, including ESG
factors that evolved from the empirical work on the implication of ESG risks. As described in

paragraph 3.3.4, ESG performance significantly affects several company risks. These risk aspects
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are combined with the insight that green assets underperform brown assets. The findings of
Barber et al. underscore this (see paragraph 3.3.1), and Hong and Kacperczyk (2009) discovered
that sin stocks outperform stocks of non-sin firms.

Heinkel, Kraus, and Zechner (2001) model environmental ethics directly into the financial
market’s equilibrium framework. They demonstrate that through exclusionary practices, ethical
investing can effectively alter a firm’s cost of capital by reducing the pool of potential investors
for non-compliant firms. This alteration incentivises polluting firms to adopt greener practices
and attract ethical investors. Their approach quantifies the impact of green investment
preferences on corporate behaviour in a risk-averse equilibrium setting.

Fama and French (2007) also propose a model that relaxes the assumption that investors are
solely motivated by financial returns. Besides that, they include disagreement among investors
about future payoffs. Their main contributions are the following:

1. When the market includes a substantial number of investors influenced by non-financial
considerations or who hold different beliefs about future asset payoffs, the differences in
asset prices can become noticeable under certain circumstances.

2. The permanence of these effects is uncertain. The influence of misinformation among
investors might decrease as consensus builds, and preferences rooted in individual tastes
could persist indefinitely.

3. Existinganomalies withinthe CAPM, such as the size, value, and momentum effects, might
be partly explained by the relative wealth or certain investor behaviours.

Albuquerque, Koskinen, and Zhang (2019) created a comprehensive equilibrium model where
CSR activities influence a firm’s systematicrisk and valuation. Their model states that CSR, as an
investment in product differentiation, enhances a firm’s profit margins by catering to consumer
preferences for socially responsible products. This strategic positioning decreases systematicrisk,
increasing firm value, especially in firms with high product differentiation. They also empirically
analyse their model with a dataset of U.S. firms and confirm that CSR engagementis significantly
associated with lower systematic risk and higher firm valuations. Moreover, these effects are

increased in firms with more significant product differentiation.
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Pedersen, Fitzgibbons, and Pomorski (2021) introduce a model incorporating ESG
considerations into portfolio choice and asset pricing. Building upon the classic Markowitz mean -
variance optimisation, their model defines an ESG-efficient frontier, offering investors a tool to
maximise their portfolios’ Sharpe ratio while achievingdesired ESG levels. This approach reveals
that assets with high ESG scores can exhibit lower expected returns due to the non-pecuniary
benefits of holding socially responsible investments. However, these green assets may offer
higher returns during positive ESG-related shocks, reflecting changes in consumer and investor
preferences towards sustainability.

ESG criteria can also be implemented into an investor’s utility function. Ahmed, Gao, and
Satchell (2021) demonstrate that investors who value ESG factors alongside financial wealth can
achieve enhanced utility without givingin on return performance. Pastor, Stambaugh, and Taylor
(2021) continue the implementation of ESG considerations in investors’ utility functions. Their
model proposes that green assets have lower expected returns for two main reasons: investors
derive utility from holding these assets, and these assets serve as a hedge against climate risk.
Despite their lower expected returns, green assets can outperform when positive shocks to the
ESG factor exist. This shock is manifested through the changes in consumers’ and investors’
preferences for green products and investments—this ESG factor and the market portfolio
efficiently price assets within a two-factor model.

Their findings showed the implications of sustainable investing on both financial markets and
real-world corporate behaviours. A notableoutcome is the prediction that a substantial presence
of green investorsin the market can lower green firms’ capital costs. These lower capital costs, in
turn, incentivise firms to adopt greener practices, thereby having a tangible positive impact on
the environment. The study also suggests that the size of the ESG investment industry is
contingent upon the varianceininvestors’ ESG preferences, markinga significant contribution to
understanding the economic forces behind the growing trend of sustainable investing.

Moreover, the model challenges conventional notions within asset pricing by demonstrating
that the ESG factor does not solely operate on risk aversion but is fundamentally driven by

investor utility derived from ESG characteristics. This insight provides a comprehensive
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framework to explain why investors might willingly accept lower expected financial returns in
exchange for the non-pecuniary benefits of holding green assets.

Escobar-Anel (2022) explores integrating ESG considerations into portfolio optimisation by
assigningrisk aversion levels to green and brown assets. He employs a multivariate utility model
and demonstrates that investors’ different risk preferences towards green and brown stocks
significantly influence optimal asset allocation. The multivariate utility model leads to an
increased investment in green assets when investors are less risk-averse towards them.

Grim, Renzi-Ricci, and Madamba (2023) create a model that allows investors to simultaneously
optimise for financial goals and personal ESG tastes, eliminating the need for ‘one size fits all’
solutions. Practical case studies demonstrate that the intensity of non-pecuniary preferences,
typical financial expectations, and risk preferences significantly influence optimal portfolio
choices. One illustrative case study they conducted involves varying the ESG Propensity Score,
which reflects an investor’s non-financial utility from investing in ESG-aligned assets. They
examine scenarios where this score is adjusted, showing how it affects the allocation to ESG
versus conventionalfunds within a portfolio. The study highlights a trade-off between pecuniary
and non-pecuniary preferences, revealingthat as the non-pecuniary ESG preference increases,
along with specific risk aversion levels, the optimal portfolio choice shifts towards a higher
allocation in ESG investments.

One problemisthe divergence and inflation of ESG scores. Xu, C. Fei and W. Fei (2024) address
this problem by modelling the dynamics of principal-agent relationships under Knightian
uncertainty of ESG scores. Knightian uncertainty refers to a situation where the probability of
outcomes is unknown, making it impossible to assign specific probabilities to the range of
potential outcomes (Knight, 1921). In the context of ESG ratings, Knightian uncertainty arises due
to thelack of astandard measure or prediction model for ESG performance. This uncertainty leads
to unpredictable impacts on firm value and investor behaviour.

The authors create a continuous-time model that accounts for the ambiguity of investor
aversion towards ESG rating uncertainties. Through stochastic calculus, they show the optimal
contract dynamics under conditions where ESG ratings wield significant but unpredictable

impacts on corporate behaviour. Additionally, they reveal that higher levels of uncertainty
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regarding ESG ratings encourage firms towards greener initiatives. This shift, however, comes
with a nuanced trade-off, impacting the expected returns for principals (investors or owners) and
the incentive mechanisms for agents (managers).

Rojo-Suarez and Alonso-Conde (2024) implement an expanded version of Pastor, Stambaugh,
and Taylor’s (2021) model and examine the influence of changing investor ESG preferences on
the explanatory power of the market portfolio in asset pricing. Their findings show that as the
market portfolio’s ‘greenness’ increases, the traditional CAPM begins to capture ESG factors. This
reflects a significant shift towards sustainability in investor preferences. Specifically, their analysis
of U.S. equity markets reveals that brown assets display negative ESG betas, indicating a negative
price of ESG risk trending towards zero over time. This implies that efforts by public authorities
to enhance corporate ESG performance could effectively lower the cost of capital, particularly

during periods of decreasing corporate ESG performance.

9.4 Appendix D — Dutch Household Wealth Invested in Securities

The Central Bureau of Statistics in the Netherlands (Centraal Bureau voor de Statistiek)
systematically monitors and reports on the economicconditions of households within the nation,
publishing annual data concerning their financial statuses. Presented in Table 1 are the
consolidated figures presenting the average household wealth spanning from 2018 to 2022. A
notable observation from the data is the allocation of household assets into securities. On
average, approximately 32.31% of total assets were invested in securities over this period. This
statistic has been used to represent the typical proportion of assets allocated to stocks, as
discussed in paragraph 5.5.

TABLE 1 — AVERAGE ASSET CHARACTERISTICS OF HOUSEHOLDS IN THE NETHERLANDS BETWEEN 2018 AND 2022

Period (x 1000 EUR) 2018 2019 2020 2021 2022
1 Assets 307.1 326.3 349.3 372.3 425.6
1.1 Financial Assets 58.9 57.9 61.4 66.6 70.2
1.1.1 Bank and Savings 40.7 411 42.7 47.2 49.5
Accounts
1.1.2 Securities 118.6 108.3 118.3 113 108.6
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1.2 Real Estate 324.8 353.2 377.7 414.9 495.9

1.3 Business Assets 78.4 82 84.6 86.5 91

1.4 Substantial Interest 858.1 903.7 977 878.7 893.2

1.5 Other Assets 131.6 130 133.1 133.5 132.3

Fraction invested in securities 38.62% 33.19% 33.87% 30.35% 25.52%
Average 32.31%
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