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Chapter I

General Introduction

This doctoral thesis, consisting of six papers, explores a range of empirical research

questions in the �eld of sustainable �nance, which can be broadly de�ned as the in-

tegration of environmental, social, and governance (ESG) considerations into �nancial

decision-making (Starks, 2023). The growing relevance of climate change in this �eld,

in particular the role of climate risks as drivers of �nancial risks, is also re�ected in

this thesis, with several papers focusing on climate-related �nancial considerations.

Another recurring theme throughout this thesis is, furthermore, the discussion of the

motivations, preferences and behaviors of di�erent types of investors in relation to these

issues.1

The �rst chapter examines �sustainability-linked loans� (SLLs), a new type of �nan-

cial instrument introduced by credit institutions to incentivize borrowers' sustainability

e�orts by tying loan margin adjustments to the achievement of pre-de�ned ESG targets.

This study, conducted with Christina E. Bannier and Fabio Martin, focuses on SLL

transactions involving �rms based in the United States (US) and the European Union

(EU). In recent years, a growing number of �rms, including �nancial institutions, have

committed to expanding their sustainable �nance portfolios as part of broader corporate

strategies, contributing to the increasing issuance of SLLs. From a risk management

perspective, SLLs also o�er the potential to mitigate sustainability risks within loan

portfolios by systematically embedding and monitoring sustainability aspects. In this

1Each of the following chapters corresponds to a speci�c paper. The chapters may di�er slightly
from the published versions due to formatting adjustments, with no alterations to the main content.

I-17



CHAPTER I. GENERAL INTRODUCTION

context, our study focuses on a key element of SLLs: their key performance indicators

(KPIs). Such KPIs play a crucial role in measuring progress towards pre-de�ned ESG

targets and in determining the �nancial reward (or penalty) borrowers may receive from

the loan margin adjustments. After shedding light on the design of these KPIs across

several dimensions (e.g., strategic relevance and materiality), our study depicts a mixed

picture of SLLs, both in terms of their intended incentivization and signaling e�ects.

Notably, we �nd no signi�cant improvement in borrowers' sustainability performance

in the years following SLL issuance. Furthermore, we �nd that US �rms experience a

signi�cant negative market reaction around SLL issuance, especially when their loans

include environmental KPIs. In many ways, the results of this study, as well as the

evolution of the SLL market, are quite telling of some broader trends in the sustain-

able �nance space. For example, between 2017 and 2022, the SLL market witnessed

rapid growth. However, concerns over greenwashing and reputational risks have since

dampened investor enthusiasm. While investors and stakeholders demand that �rms

incorporate and report an ever-increasing set of ESG metrics, as noted by Edmans

(2023a), our study underscores the need for robust and credible mechanisms to ensure

that sustainability-linked �nancing delivers on its objectives.

The second chapter examines retail investors in Germany and their behavior towards

sustainable investments. In an experimental setting, Christina E. Bannier, Florian

Gärtner and I investigate whether a particular form of literacy, de�ned by Filippini

et al. (2024b) as �sustainable �nance literacy�, in�uences the sustainable investment

choices of retail investors. To study sustainable investments, our study focuses on

ESG-related mutual funds and ESG-related exchange-traded funds (ETFs), which by

de�nition take into account speci�c sustainability characteristics of assets in their in-

vestment strategies. Such products have experienced rapid growth in the last decade

(Giglio et al., 2025). However, despite an increased supply from the institutional side,

demand from the retail investor side has been more hesitant, with sustainable �nance

products currently representing only a small fraction of retail investor portfolios (DIA,

2020). In surveys, retail investors often cite insu�cient knowledge and lack of trans-

parency as barriers to choosing such products (DIA, 2020; Dumas and Louche, 2015;
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Gutsche and Zwergel, 2020; Filippini et al., 2024a). We posit that investors with clear

preferences for sustainability also need speci�c knowledge to properly identify and eval-

uate ESG-related funds. In our experiment, we provide our treatment group with an

information brochure designed to increase sustainable �nance literacy. We �nd that the

brochure increases the probability of investing sustainably, and we show that this e�ect

is moderated by sustainability preferences. Interestingly, we also �nd some evidence

that increased sustainable �nance literacy decreases investments in ESG funds among

participants with very low sustainability preferences. These �ndings highlight the need

to complement preference-based regulatory frameworks, such as MiFID II, with e�orts

to enhance sustainable �nance literacy.

The third chapter examines shareholder engagement on ESG issues at US annual

general meetings (AGMs). Shareholders are known to use a range of engagement strate-

gies, including the submission of proposals and private negotiations, to draw attention

to issues they consider critical to shareholder value and, thus, to in�uence corporate

behavior in line with their interests (see e.g., Gillan and Starks, 1998; Denes et al.,

2015; McCahery et al., 2016; Blau et al., 2015; Dzieli«ski et al., 2022). In recent years,

a growing body of research has underscored a trend of shareholder activism focused

on sustainability-related matters (see e.g., Flammer et al., 2021; Hoepner et al., 2023).

Although they provide a unique public setting in which both institutional and non-

institutional shareholders may engage directly with management, AGMs have received

little scholarly attention in this context. Focusing on �soft� engagement in the form

of questions and comments directed at company management, the study, conducted

by Christina E. Bannier, Fabio Martin and I, contributes to the literature by using

textual analysis of AGM transcripts and analyzing the sustainability issues verbally

raised by shareholders. We �nd that institutional shareholders � such as large asset

managers, public-sector investors and faith-based investors � are particularly vocal on

ESG issues compared to non-institutional shareholders. This �nding aligns with the

insights from the second chapter of this doctoral thesis, which highlights that retail

investors face knowledge barriers and exhibit a more cautious behavior in the context

of sustainable �nance. While personal experience with environmental or social issues
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can enhance individual awareness for such topics (see, e.g., Akerlof et al. 2013; Choi

et al. 2020), institutional investors tend to possess more advanced ESG expertise and

have formalized internal sustainability policies. These factors are likely to contribute

to a more proactive engagement on ESG matters. Moreover, we identify a negative re-

lationship between �rms' ESG performance and the frequency of ESG-related language

in shareholder comments at AGMs. We also �nd that a higher ESG performance is as-

sociated with a less negative tone of shareholders. Such negative tone is, furthermore,

associated with lower approval rates for management-sponsored proposals. Overall, our

study shows that shareholder soft engagement at AGMs serves as an important barom-

eter of broader sentiment toward �rms' ESG commitments. The �ndings also suggest

that AGMS are strategic opportunities for the board to demonstrate accountability and

progress in sustainability e�orts.

The fourth chapter examines the extent to which investors consider greenhouse gas

(GHG) emissions in their investment decisions by analyzing the relationship between

such emissions and equity risks across a sample of European �rms. In recent years,

climate change has become a pressing issue for a wide range of stakeholders, including

civil society and institutional investors (see e.g., Krueger et al., 2020; Ilhan et al., 2023;

Hoepner et al., 2023). Furthermore, there is a growing scienti�c consensus that high

concentrations of GHG emissions are the primary driver of climate change (EPA, 2021),

with human activities in key economic sectors such as energy, agriculture, industry,

buildings, and transportation being major contributors to this global challenge (IPCC,

2014). To measure GHG emissions, the widely recognized GHG Protocol categorizes

them into three scopes: scope 1 (direct emissions), scope 2 (indirect emissions from

energy consumption), and scope 3 (indirect emissions across the value chain) (World

Business Council for Sustainable Development and World Resources Institute, 2004).

In this study, Christina E. Bannier, Yannik Bo�nger, Björn Rock and I show that scope

1 and scope 2 GHG emissions are positively associated with �rm equity risks, whereas

scope 3 emissions do not show a signi�cant relationship. Furthermore, we �nd that

mandatory regulatory frameworks for GHG disclosure have a risk-mitigating e�ect, and

overall, that �rms that disclose GHG emissions are associated with lower equity risks
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compared to those that do not disclose such information. As new regulatory initiatives,

such as the EU's Corporate Sustainability Reporting Directive (CSRD) and the US

Securities and Exchange Commission's (SEC) Climate Disclosure Rule, contribute to a

shift towards mandatory GHG reporting, such data is likely to become an increasingly

essential component of investor risk assessments in the coming years.

The �fth chapter examines an international sample of credit institutions that are

members of the Task Force on Climate-Related Financial Disclosures (TCFD) and their

disclosures practices between 2010 and 2021. The TCFD is one of many voluntary sus-

tainability reporting frameworks that have emerged in the past decade to encourage

�rms, including �nancial institutions, to disclose risks that are not typically captured

in more traditional �nancial reporting. Firms that become members are expected to

provide detailed disclosures on their governance, strategy, risk management, and met-

rics & targets related to climate risks. This work, conducted in collaboration with

Christoph Funk, David Lenz and Elena Tönjes, applies natural language processing

(NLP) and a zero-shot text classi�cation method to analyze large amounts of textual

data extracted from the credit institutions' reporting. Given the voluntary nature of

the TCFD framework, a key question is whether credit institutions selectively disclose

information on speci�c areas and topics (Bingler et al., 2022). Our �ndings suggest that

climate-related disclosures increase following credit institutions' adoption of the TCFD

guidelines, yet reporting remains uneven across disclosure categories. The most notable

improvements are seen in the areas of strategy, and metrics & targets. However, we

highlight important gaps in other areas, including in the risk management dimension.

Speci�cally, we �nd that banks are less likely to report on critical topics such as the

management of physical climate risks and the use of climate-related scenario analysis.

That said, it remains unclear whether this re�ects intentional omissions by credit insti-

tutions or whether they have yet to fully implement the TCFD's recommendations. Our

�ndings also highlight a broader limitation of voluntary reporting frameworks such as

the TCFD. In particular, we show that the guidelines are relatively broad (see e.g., the

requirement to describe theresilience of a �rm's strategy, TCFD, 2017b), which results

in highly descriptive textual disclosures that are di�cult to systematically compare
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across �rms. This may partly explains why EU regulators have prioritized the devel-

opment of very detailed and prescriptive sustainability reporting standards in recent

years.

The sixth and �nal chapter focuses on large credit institutions in the EU and their

integration of climate-related risks into risk management and capital adequacy frame-

works. As outlined in the �fth chapter of this doctoral thesis, institutions display

varying levels of progress in addressing these risks. To support their integration, the

European Central Bank (ECB) published a guide in 2020 outlining key supervisory

expectations for climate risk management and disclosure (ECB, 2020b). In addition,

since 2022, large EU credit institutions under the scope of the Capital Requirements

Regulation (CRR) have been required to provide both qualitative and quantitative dis-

closures on climate risks in their Pillar 3 reports, representing a major step compared

to voluntary frameworks such as the TCFD. Drawing on semi-structured interviews

with risk experts and an analysis of Pillar 3 reports, Christina E. Bannier and I explore

the approaches and practical challenges institutions face in this context. Key �ndings

show that substantial progress has been made in crucial areas � such as the inclusion

of climate-related considerations into the internal capital adequacy assessment process

(ICAAP) or the development of methodologies for both top-down and bottom-up cli-

mate scenario analyses. Nevertheless, important barriers remain, including in terms

of data limitations and model integration. Overall, this chapter indicates that credit

institutions are still in a learning phase, while also underlining the essential role of

supervisors and regulators in shaping risk management practices.
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Abstract

This paper analyzes sustainability-linked loans (SLLs), a new category of

debt instrument that incorporates ESG considerations. Using a large sam-

ple of loans issued between 2017 and 2022, we assess the design of SLLs

by evaluating their key performance indicators (KPIs) using a comprehen-

sive quality score. Our �ndings suggest that SLLs only partially rely on

KPIs that generate credible sustainability incentives. We document that

SLL borrowers do not signi�cantly improve their ESG performance post is-

suance and show that stock markets are rather indi�erent to the issuance

of SLLs by EU borrowers, while SLL issuance announcements by US bor-

rowers are met with signi�cantly negative abnormal returns by investors.

These �ndings call into question the bene�cial sustainability and signaling

e�ects that borrowers may hope to achieve by issuing ESG-linked debt.

JEL Classi�cation: G21, G32, M14

Keywords: Sustainability-linked loans, sustainability KPIs, ESG-linked loans
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II.1 Introduction

A recent development in the realm of corporate �nance is the emergence of debt instru-

ments that incorporate environmental, social, and governance (ESG) considerations.

These instruments serve two primary purposes: procuring capital and fostering corpo-

rate sustainability practices. One category of such instruments, sustainability-linked

loans (SLLs),1 is particularly distinct from other emerging instruments such as green

bonds, social bonds, and green loans. Unlike these instruments, whose proceeds have to

be allocated towards environmentally or socially responsible projects, SLLs are general

corporate purpose loans. The issuance of SLLs is therefore not characterized by their

use of proceeds, but by the borrower's performance against pre-de�ned ESG targets.

Achievement of these targets is measured by key performance indicators (KPIs),

which typically impact loan pricing in the form of an interest rate discount or premium.

The Loan Market Association (LMA), which published the Sustainability-Linked Loan

Principles (SLLP) as a set of voluntary guidelines for market practitioners, de�nes

SLLs as �any types of loan instruments and/or contingent facilities for which the eco-

nomic characteristics can vary depending on whether the borrower achieves ambitious,

material and quanti�able pre-determined sustainability performance objectives� (Loan

Market Association, 2023b, p.2). The primary objective of SLLs is therefore to support

the borrower's e�orts to improve its sustainability pro�le over the life of the loan (Loan

Market Association, 2023b).

While SLLs have gained increasing popularity, accounting for approximately 10%

of the global corporate syndicated loan market in 2021 (Kim et al., 2023), there is still

limited understanding of the speci�c characteristics of the sustainability KPIs that are

included in these contracts. This aspect is particularly relevant when considering that

SLLs can be tied to multiple KPIs covering a wide range of ESG issues. At a time

when there is growing concern about greenwashing practices (Carrizosa and Ghosh,

2022; Kim et al., 2023), it is critical to gain more clarity on whether - and if so, which

- KPIs are credible and meaningful for achieving sustainability goals.

1SLLs are also sometimes called �ESG-linked loans�. We use the terms interchangeably throughout
this paper.
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This is where our paper seeks to contribute. By providing a detailed analysis of

KPI characteristics, we aim to further the discussion on the e�ectiveness of SLLs in

promoting ESG activities beyond �business as usual� (Loan Market Association (2023a),

p.3). Speci�cally, we evaluate the design of KPIs in ESG-linked loan contracts along

six key dimensions derived from the SLLP. We then use this evaluation as a basis for

investigating whether the issuance of SLLs positively incentivizes borrowers to improve

their sustainability performance ex-post. In addition, we examine whether SLLs are

perceived by the stock market as credible signals of corporate commitment to ESG

considerations.

Our study is based on a sample of SLLs extracted from the Re�nitiv DealScan

database. We focus on borrowers headquartered in the European Union (EU) and the

United States (US) for both historical and regulatory reasons. From a historical per-

spective, the emergence of SLLs, which were virtually non-existent prior to 2017, saw

a rapid increase in total issuance volume, rising from over $2 billion in 2017 to more

than $310 billion by the end of 2021.2 This growth trend was particularly pronounced

in Western Europe in the early years and later spread to other regions of the world,

most notably the United States (Kim et al., 2023). While current regulations do not

speci�cally require companies to report comprehensive information about their credit

agreements, the existing regulatory frameworks in both the EU and the US still cre-

ate important incentives for disclosure. In the EU, for example, large companies are

required to disclose environmental and social policies in their non-�nancial statements.

Large US corporations proceed similarly. Such disclosures allow us to obtain detailed

information about the issuance of SLLs and the KPIs set forth in those contracts.

In the �rst part of this paper, we examine whether the design of KPIs creates

credible incentives for companies to improve their sustainability practices. We address

this question by developing a qualitative scoring methodology along six key dimensions:

(1) strategic relevance, (2) materiality, (3) measurability, (4) benchmarking, (5) pricing

mechanism, and (6) external review. These dimensions serve as a framework that

2Kim et al. (2023) capture a similar trend by documenting a rapid increase in ESG lending activity
from 2017 to 2021, with most of the SLL borrowers concentrated in the US and Western European
countries.
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outlines distinct criteria that, according to the LMA, SLLs should meet in order to be

considered credible (Loan Market Association, 2023b). Our analysis delivers a multi-

dimensional KPI score per loan that can be used to assess and compare the quality of the

incentives de�ned in the SLLs. As each dimension captures unique information that

contributes to a comprehensive understanding of the KPIs' credibility, our approach

is consistent with the recommendations of Edmans (2023b), who calls for granular

assessments in ESG-related studies.

The results of our KPI analysis suggest that SLLs only partially rely on KPIs that

create credible sustainability incentives. In particular, our results show signi�cant vari-

ation across the dimensions assessed in our framework. On the positive side, we �nd

that most SLLs include KPIs that are strategically relevant and part of the borrowers'

existing sustainability strategies: Only 22% of SLLs feature KPIs that do not match

the borrowers' stated sustainability objectives or priorities. This suggests that �rms

employ SLLs as a holistic approach to further integrate existing ESG considerations

into corporate operations. In addition, we observe that the vast majority of SLLs are

tied to measurable and objectively quanti�able KPIs that allow lenders to easily track

performance against the selected KPIs.

However, on the negative side, our materiality assessment against the SASB stan-

dards shows that 42% of the SLLs in our sample are linked to KPIs that are not

�nancially material. This indicates a misalignment between the sustainability goals

that the SLLs seek to achieve and the sustainability considerations that are most likely

to impact the company's �nancial performance. In addition, only 15% of the SLLs in

our sample are clearly benchmarked, suggesting a lack of reference points for setting the

KPIs. As a result, key stakeholders, including investors, may not be able to objectively

assess and compare the level of ambition of the KPIs. Our analysis furthermore reveals

mixed results with respect to the pricing mechanism and external review of the KPIs.

While 40% of the SLLs in our sample explicitly include a malus system that requires

borrowers to pay higher interest rates if they fail to meet their sustainability targets, we

�nd that 17% include only a bonus and no �nancial penalty. In addition, only half of

the SLLs in our sample are linked to KPIs that are subject to external and independent
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veri�cation at least annually.

Overall, the SLLs in our sample achieve an average KPI score of 3.47 on a scale of 0

to 6, suggesting that these debt instruments are only partially designed to incentivize

sustainability e�orts by their borrowers. Surprisingly, we observe that the number

of KPIs that are included in a loan is negatively associated with this score. While

companies may fear that focusing on only a small number of ESG objectives could

signal a weaker commitment to sustainability, increasing the number of KPIs actually

seems to make such instruments less e�ective in improving sustainability incentives.

In the second part of our paper, we empirically test whether the issuance of SLLs

is associated with a positive ex-post change in borrowers' ESG performance. To do so,

we employ a di�erence-in-di�erences design based on a matched sample. To identify

the relationship between SLL issuance and ex-post ESG performance, we use a two-

way �xed e�ects (TWFE) estimator that compares SLL issuers to a control group of

conventional borrowers before and after the treated �rms issued their �rst SLL. Our

analysis relies on several ESG performance metrics obtained from MSCI, including

the overall industry-adjusted total ESG scores and environmental, social, and climate

change pillar scores. We primarily examine these performance metrics to account for

the fact that most KPIs in ESG-linked loan contracts relate to environmental and social

issues (58% and 25% of all KPIs in our sample, respectively), while governance-related

KPIs make up only 1.35% of our sample. In addition, about 17% of the KPIs in our

sample are linked to ESG ratings or similar certi�cations.

Our results show that the issuance of SLLs is not associated with a signi�cant change

in the ex-post ESG performance of the borrowers. In other words, we observe neither

an improvement nor a deterioration in ESG performance. This holds also when looking

at the overall ESG score and the scores of each pillar separately. We repeat our analysis

by measuring the weighted group time average treatment e�ect on the treated (ATT),

as proposed by Callaway and Sant'Anna (2021). This procedure allows us to address

concerns about the reliability of the TWFE estimator in ordinary least squares (OLS)

(de Chaisemartin and D'Haultf÷uille, 2020; Baker et al., 2022). Once again, the ATT

coe�cients are statistically insigni�cant, con�rming our earlier �ndings and suggesting
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that SLLs are not associated with a subsequent change in ESG performance. Overall,

these results indicate that the issuance of SLLs primarily maintains the current level of

ESG performance rather than leading to signi�cant improvements in subsequent years.

In the �nal part of our paper, we conduct an event study to determine whether equity

investors perceive SLLs as credible signals of corporate commitment to sustainability

and, therefore, whether the issuance of such loans is associated with positive stock

market reactions. Previous research shows that investors react particularly strongly

to the release of environmental and community news (Krüger, 2015). In addition,

(Flammer, 2021) �nds that stock market investors respond positively to the issuance

of green bonds when such instruments are subject to third-party veri�cation and when

the use of proceeds is �nancially material to the company's operations. Thus, we use

variation in KPI quality, as measured by our KPI score, to examine stock market

reactions to SLL issuance announcements in relation to speci�c KPI characteristics,

such as materiality and external veri�cation. This approach allows us to gain further

insights into the perceived credibility of SLLs.

We �nd that stock markets are rather indi�erent to the issuance of SLLs by EU

borrowers. In contrast, investors react cautiously to SLL issuance announcements by US

borrowers, especially when such loans include environmental KPIs. More precisely, we

document a signi�cant negative market reaction with an average cumulative abnormal

return of -0.49% in the event window symmetrically surrounding the announcement

date of issuance. In a further analysis, we also �nd a negative association between a

higher number of KPIs and the market response to loan issuance announcement. There

are several possible interpretations for these results. For example, the results may re�ect

growing skepticism, particularly in the US, about the value of integrating ESG factors

into investment decisions (see e.g., Edmans, 2023b). In addition, as the selected KPIs

in SLLs often fail to address �nancially material issues, assessing the potential �nancial

bene�ts of SLLs may be challenging. Finally, investors may also be wary of possible

greenwashing practices, which have become increasingly common in recent years (Kim

et al., 2023).

Our study builds on and complements the work of other scholars, including Kim
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et al. (2023), Carrizosa and Ghosh (2022), Du et al. (2023), Caskey (2022), Loumi-

oti and Serafeim (2022),Dursun-de Neef et al. (2023). Collectively, our �ndings make

important contributions to the rapidly growing literature on SLLs. In particular, our

paper adds to recent studies that explore the selection and design of sustainability KPIs

in ESG-linked loan contracts. Loumioti and Serafeim (2022) investigate KPI material-

ity and report that most SLLs fail to focus on material ESG features and do not address

borrowers' relevant ESG risks. Carrizosa and Ghosh (2022) examine the presence of an

external KPI auditor and �nd that the likelihood of KPIs being monitored and audited

is positively associated with the ESG expertise of the lead arranger and the number

of KPIs. Kim et al. (2023) and Du et al. (2023) report that SLL borrowers face lim-

ited �nancial penalties for failing to meet their sustainability targets. Although these

prior studies have individually explored di�erent aspects of KPI characteristics, our

paper stands out as the �rst attempt to systematically analyze a set of six dimensions

(i.e., strategic relevance, materiality, measurability, benchmarking, pricing mechanism

and external review) together in a single framework. This framework is based on the

SLLP, a set of recommendations for market practitioners developed by the LMA, out-

lining fundamental characteristics that SLLs should meet in order to provide credible

sustainability performance incentives. We show that the six dimensions deliver com-

plementary information and collectively contribute to a comprehensive understanding

of the incentive structures (and their current limitations) built into ESG-linked loan

contracts.

Our study also sheds new light on the mixed results observed in the existing liter-

ature regarding the ability of SLLs to in�uence corporate sustainability performance.

Dursun-de Neef et al. (2023) �nd that �rms improve their overall ESG performance

after issuing SLLs by increasing their environmental and governance scores. Kim et al.

(2023) �nd that borrowers' ESG performance metrics deteriorate after the issuance of

low-transparency SLLs. Du et al. (2023) use the ESG scores of di�erent rating agencies

(Asset4, RepRisk and S&P) and document that SLL issuance does not result in a sig-

ni�cant change in overall ESG performance. We complement this study by providing

additional evidence on the lack of a clear relationship between SLL issuance and ex-post
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ESG performance based on MSCI ratings. We show that SLL issuance does not lead to

a signi�cant change, i.e., neither deterioration nor improvement, in borrowers' ESG pro-

�les, as measured by their industry-adjusted, environmental, social and climate scores

from MSCI. In addition, our KPI analysis, which highlights the limitations of current

SLLs, extends this literature by providing new rationales for the lack of meaningful

sustainability improvements in the years following SLL issuance.

Finally, our �ndings also contribute to the literature on sustainable �nance instru-

ments and their signaling function (Flammer, 2021). Examining SLLs, Kim et al. (2023)

�nd that stock prices react positively to public announcements of high-transparency

SLLs, while Carrizosa and Ghosh (2022) report negative and mostly statistically in-

signi�cant reactions to loan announcements. Our study adds to this literature by high-

lighting marked di�erences between EU and US borrowers, revealing distinct patterns

in stock market reactions across regions. Here as well, the results of our KPI analysis,

such as the number of KPIs and the lack of �nancial materiality, provide additional ex-

planations for the negative market reactions in the US or the absence of market response

observed in the EU, respectively. Relatedly, our paper contributes to the growing body

of research that questions the value implications of green �nancial instruments (Kölbel

and Lambillon, 2022; Aswani and Rajgopal, 2022). Speci�cally, our results add to the

study by Aswani and Rajgopal (2022), who �nd negative or partially insigni�cant reac-

tions for issuers of green bonds and sustainability-linked bonds. Similar to our analysis

of ex-post ESG performance, their study shows that green bond issuers do not change

signi�cantly reduce their greenhouse gas emissions in the years following bond issuance.

Overall, our paper provides somewhat sobering evidence on the stock market reactions

to the issuance of SLLs and their immediate impact on corporate sustainability.

The remainder of this paper is organized as follows. Section 2 discusses the potential

motivations for issuing SLLs. Section 3 describes the data collection procedure and

provides descriptive statistics for our sample of SLLs. Section 4 explains our KPI

scoring methodology and presents the results of our KPI analysis. Section 5 describes

the empirical results. Finally, Section 6 concludes.
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II.2 Background

At �rst glance, it may seem surprising that companies would choose to issue SLLs

over conventional loans. Not only can SLLs result in higher interest rates if certain

sustainability targets are not met, but they also come with additional administrative

and compliance constraints. By including ESG considerations in their loan agreements,

companies explicitly commit to targets for which they can be held accountable and for

which they are �nancially liable (Kim et al., 2023). Nevertheless, SLLs are becoming

increasingly popular (Du et al., 2023). So what are the motivations for �rms to issue

them?

One potential motivation for �rms to issue SLLs may be the need to strengthen their

sustainability strategy. SLLs allow �rms to take a holistic approach to sustainability

objectives by embedding existing ESG considerations into an important aspect of their

business: their �nancing. SLLs may serve as an additional mechanism to ensure that

strategic sustainability considerations are actually implemented within the company.

In doing so, SLLs also enable companies to receive advice and regularly engage with

their lenders on sustainability issues. From the lenders' perspective, the issuance of

SLLs may also be motivated by the need to mitigate �nancial and reputational risks

associated with any poor sustainability practices by their borrowers Kim et al. (2023).

As borrowers are encouraged to seek external, independent advice on the selection of

KPIs prior to signing (Loan Market Association (2023b)), the process of issuing an SLL

may also reinforce and lend further credibility to the company's overall sustainability

strategy.

By requiring lenders to sign o� on KPIs, SLLs may demonstrate lenders' con�dence

in their borrowers' strategic ESG commitments (Kim et al. (2023)). Therefore, another

possible motivation for issuing SLLs may be an attempt to signal commitment to sus-

tainability issues to a broader group of stakeholders in response to growing investor

demand and public scrutiny (Krueger et al., 2020; Flammer, 2021; Ilhan et al., 2023).

Because investors often do not have su�cient information to assess a company's com-

mitment to ESG goals, this information asymmetry creates a need for companies to
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di�erentiate themselves from their peers by signaling their strategy in a credible way

(Flammer, 2021). SLLs may therefore serve as signaling tools, for example, by being

mentioned in media press releases or by encouraging borrowers to regularly disclose

their progress toward speci�c ESG goals in their annual reports. In this way, SLLs

allow to increase the visibility of borrowers' ESG commitments.

In addition, SLLs represent a particularly attractive �nancing instrument for com-

panies that were previously excluded from sustainable lending due to the nature of their

core activities and wish to enter this space (Kim et al., 2023). In particular, the ab-

sence of requirements on the use of proceeds ensures that SLLs are not limited to �rms

with speci�c environmental and climate-friendly projects. Thus, unlike green loans or

green bonds, SLLs can be used in a wider range of industries and for a broad variety

of purposes. By design, these loans o�er a high degree of �exibility, allowing borrowers

and lenders to tailor the KPIs to the speci�c situation of the company (Dursun-de Neef

et al., 2023).

Finally, �nancial discounts may also motivate the issuance of SLLs. In the case of

conventional loans, borrowers typically pay a spread in addition to a benchmark (e.g.,

Euro Interbank O�ered Rate, Euribor) based on various measures of a borrower's credit

risk, such as credit rating. In the case of SLLs, this spread is adjusted by a pre-de�ned

amount to re�ect a borrower's progress, assessed on an annual basis, against one or

more sustainability KPIs (Loumioti and Serafeim, 2022). For example, a loan may be

priced at 175 basis points (bps) over Euribor, with this spread reduced by 5 bps if the

borrower meets its sustainability target in a given year. The pricing mechanism of SLLs

can include not only �nancial rewards but also penalties for not meeting the targets.

Appendix C includes a detailed example of such pricing mechanism. While Kim et al.

(2023) show that the initial spreads at which SLLs are issued are no di�erent from those

of conventional loans, borrowers may still have an incentive to issue SLLs because of

the �nancial rewards that can be earned by meeting their sustainability targets over

the life of the loan.

Despite these motivations, SLLs also carry risks for both borrowers and lenders.

In particular, the emerging literature on SLLs already suggests that such loans can be
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misused for greenwashing purposes and frequently serve to showcase an empty emphasis

on ESG to stakeholders (Kim et al., 2023). Moreover, despite the appeal of potential

margin discounts, initial evidence on the pricing of SLLs indicates that the size of these

discounts to borrowers is limited (Du et al., 2023). These observations make an analysis

of the sustainability KPIs at the core of SLLs even more crucial.

II.3 Loan data and sample

II.3.1 SLL data

We obtain our data from the Re�nitiv DealScan database by extracting loans origi-

nated between 2017 and 2022 that are labeled as �sustainability-linked loans�. Re�nitiv

DealScan assigns this speci�c label based on loan characteristics gathered from loan

agreements, corporate press releases, business press articles, and discussions with bor-

rowers and lenders. We also exclude from our database all SLLs that do not have an

announcement date and a closing date. The loan announcement date is critical for our

analysis of market reactions, and the �nancial close date ensures that the transaction

was successfully completed. In total, we identify 595 ESG-linked loans issued to listed

borrowers in the EU and the US over the sample period from 2017 to 2022.

Table II.1 shows the time series of SLL issuance for our sample. SLL issuance totals

$755 billion over the sample period, growing from $2 billion in 2017 to approximately

$248 billion in 2022. In terms of issuance volume, the US surpasses the EU in 2021 and

shows a comparable, slight downward trend in 2022.

Table II.2 shows the country distribution of the SLLs in our sample. The largest

issuer of SLLs are the US (25.55%), followed by France (15.29%) and Spain (14.29%),

which is similar to what has been documented in previous literature on ESG lending

(Kim et al., 2023; Dursun-de Neef et al., 2023).

Table II.3 provides an overview of SLLs by sector, as de�ned by the Thomson

Reuters Business Classi�cation (TRBC). We �nd that most SLLs were issued by �rms

operating in the industrials (17.82%) and utilities (15.46%) sectors, while �rms in the

healthcare (4.03%) and �nancials (2.69%) sectors issued the lowest number of loans and
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Table II.1: Issuance of sustainability-linked loans over time.

European Union United States Total

Year Number
of SLLs

Volume
(in Mio. $)

Number
of SLLs

Volume
(in Mio. $)

Number
of SLLs

Volume
(in Mio. $)

2017 4 2,176.24 0 0 4 2,176.24
2018 19 23,318.04 2 3,050.00 21 26,368.04
2019 60 61,249.63 4 7,025.36 64 68,274.99
2020 71 84,737.86 5 11,730.80 76 96,468.66
2021 135 141,462.22 76 172,776.84 211 314,239.06
2022 154 123,862.07 65 123,765.92 219 247,627.99

Total 443 436,806.06 152 318,348.92 595 755,154.98

Remark: This table reports the total issuance amount and number of SLLs issued to borrowers head-
quartered in the European Union and the United States. The sample consists of 595 loans issued
between 2017 and 2022.

Table II.2: Sustainability-linked loans by country.

Country Number of SLLs Percentage of SLLs SLL Volume (in Mio. $)

United States 152 25.55% 318,348.92
France 91 15.29% 137,569.37
Spain 85 14.29% 57,111.15
Italy 68 11.43% 73,281.31
Germany 42 7.06% 66,835.80
Finland 40 6.72% 14,325.55
Netherlands 29 4.87% 22,836.00
Sweden 21 3.53% 18,051.81
Belgium 18 3.03% 7,600.47
Denmark 13 2.18% 14,513.09
Ireland 12 2.02% 11,028.35
Austria 6 1.01% 2,750.90
Greece 5 0.84% 628.19
Portugal 5 0.84% 4,004.31
Luxembourg 4 0.67% 6,937.70
Poland 3 0.50% 1,189.39
Estonia 1 0.17% 142.66

Total 595 100.00% 757,154.98

Remark: This table reports the total issuance amount and number of SLLs categorized by borrowers'
country of incorporation. The percentage of SLLs for each country is calculated as the ratio of the
number of SLLs per country to the total number of SLLs in our sample. The sample consists of 595
loans issued between 2017 and 2022.
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Table II.3: Sustainability-linked loans by sector.

Sector Number of SLLs Percentage of SLLs SLL Volume (in Mio. $)

Industrials 106 17.82% 124,093.55
Utilities 92 15.46% 127,140.83
Real estate 85 14.29% 103,166.27
Consumer cyclicals 84 14.12% 89,574.33
Basic Materials 75 12.61% 69,331.60
Technology 46 7.73% 94,092.35
Consumer non-cyclicals 36 6.05% 35,219.64
Energy 31 5.21% 45,337.04
Healthcare 24 4.03% 33,065.02
Financials 16 2.69% 29,715.46

Total 595 100.00% 757,154.98

Remark: This table reports the number of SLLs and total issuance amount by sector of the borrowers.
Sectors are de�ned using Thomson Reuters Business Classi�cation (TRBC). Percentage of SLLs is the
ratio of the number of SLLs in each sector to the total number of SLLs in our sample. The sample
consists of 595 loans issued between 2017 and 2022.

the lowest total volume.

Overall, we observe a broad diversi�cation of SLL issuance across sectors. Com-

pared to green loans, SLLs are not concentrated in the energy and utilities sectors

(Dursun-de Neef et al., 2023), but are also widespread in the industrials (17.82%), real

estate (14.29%), consumer cyclicals (14.12%) and basic materials (12.61%) sectors. In

addition, we note regional di�erences within our sample. For example, the majority

(58.82%) of SLLs issued by �rms in the real estate sector are loans to US borrowers. US

�rms also account for a large share of SLLs in the �nancials (37.50%) and technology

(33%) sectors. In contrast, EU borrowers account for the largest share of loans to the

utilities (80.43%) and industrials (79.30%) sectors. These regional di�erences in SLL

lending may be due to varying regulatory frameworks and market conditions between

the EU and the US.

As shown in Table II.4, approximately 86% of SLLs in our sample are general

corporate purpose loans, which is consistent with the notion that these loans can be

used for a wide range of corporate purposes, without a pre-speci�ed use of proceeds.

Because SLLs can be tailored to di�erent corporate needs and strategies, they represent

a �exible and particularly attractive tool for companies looking to enter the sustainable
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Table II.4: Sustainability-linked loans by use of proceeds.

Use of proceeds Number of SLLs Percentage of SLLs

General corporate purpose 512 86.05%
Re�nancing 22 3.70%
Working capital 21 3.53%
Acquisition �nance 13 2.18%
Capital expenditures 13 2.18%
Real estate/property acquisition 5 0.84%
Ship �nancing 5 0.84%
Leveraged buyout 1 0.17%
Management buyout 1 0.17%
Project �nance 1 0.17%
Aircraft �nancing 1 0.17%

Total 595 100.00%

Remark: This table reports the breakdown of SLLs by the use of proceeds. The percentage of SLLs for
each category is calculated as the ratio of the number of SLLs by use of proceeds to the total number
of SLLs in our sample. Use of proceeds are extracted from the Re�nitiv database. The sample consists
of 595 loans issued between 2017 and 2022.

�nance market.

II.3.2 KPI data

Since Re�nitiv DealScan does not include detailed data on KPI characteristics, we

manually collect such data from company websites, annual reports, stand-alone ESG

reports, integrated reports, general registration documents, company presentations and

press releases from both borrowers and lenders. Since there is no standardized reporting

system for SLLs, most of this data is selectively disclosed by borrowers and lenders. For

US companies, we also look for credit-related information in the 8-K and 10-K �lings

in the SEC's Electronic Data Gathering, Analysis, and Retrieval (EDGAR) system. In

rarer cases, we obtain data from �nancial news reports. We then classify each loan

in our sample according to the level of information available on its underlying KPIs.

Loans with information on their main sustainability objectives and KPIs are classi�ed

as �with KPI information�. In total, our sample of SLLs contains 364 loans with KPI

information, representing slightly more than 61% of the original SLL sample.

Table II.5 shows that the total number of KPIs per SLL ranges from 1 to 5, although
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Table II.5: Number of KPIs per sustainability-linked loan.

Number of KPIs Number of SLLs Percentage of SLLs

1 131 35.99%
2 121 33.24%
3 84 23.08%
4 26 7.14%
5 2 0.55%

P
364

P
100.00%

Remark: This table reports the distribution of SLLs by the number of KPIs per loan. The percentage
of SLLs is calculated as the ratio of the number of SLLs in each category of KPIs per loan to the total
number of SLLs in the sample. The sample consists of 364 SLLs with KPI information issued between
2017 and 2022.

most loans in our sample contain between 1 and 3 KPIs. Speci�cally, almost 36% of

SLLs are tied to only 1 KPI, while around 56% of SLLs in our sample include 2 or

3 KPIs. Only less than 9% of the SLLs in the sample have 4 or more KPIs. From

a regional perspective, we identify KPI information for 281 out of 443 SLLs (63.43%)

issued to EU borrowers. For the US sample, we are able to collect KPI information

for 83 out of 152 SLLs (54.61%). These observations suggest that EU borrowers are

more likely to disclose information about the characteristics of their loans than their US

counterparts. We also observe sector-speci�c disclosure characteristics. For example,

we �nd that SLLs issued by �rms in the utilities sector account for the largest share

(16%) of loans with KPI information, while SLLs issued by �rms in the real estate

sector represent a large share (18%) of SLLs without KPI information. One possible

explanation for this di�erence is the level of regulatory oversight in the utilities sector,

where �rms are subject to strict environmental regulation and therefore more likely to

disclose sustainability-related information as part of their annual reports and in loan

agreements.

Our analysis shows considerable heterogeneity in the thematic focus of the under-

lying KPIs among the SLLs in our sample, suggesting that borrowers customize and

tailor KPIs to meet their speci�c sustainability objectives. In addition, it is important

to note that SLLs may be linked to multiple KPIs, and each KPI may cover di�erent

ESG dimensions. To ensure a granular analysis of the KPIs, we have grouped them into
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Table II.6: Distribution of KPIs within sustainability pillars.

Category Number of KPIs Percentage of KPIs

Environmental 433 58.43%
Greenhouse gas emissions 247 33.33%
Renewable energy 55 7.42%
Energy consumption and e�ciency 35 4.72%
Circular economy 24 3.24%
Waste reduction and elimination 21 2.83%
Water consumption 19 2.56%
Use of sustainable resources 18 2.43%
Environmentally sustainable investments 9 1.21%
Biodiversity 5 0.67%
Social 176 23.75%
Employee diversity and gender equality 63 8.50%
Employee health and safety 45 6.07%
Sustainable products and customer bene�ts 26 3.51%
Social responsibility and community engagement 18 2.43%
Diverse and sustainable supply chain 13 1.75%
Employee training 11 1.48%
Governance 10 1.35%
Business ethics 10 1.35%
ESG 122 16.46%
ESG rating 70 9.45%
Other ESG assessment or certi�cation 52 7.02%

P
741

P
100.00%

Remark: This table shows the distribution of KPIs (in absolute and percentage terms) within the
environmental, social, governance pillars. In addition, the table presents the distribution of KPIs
linked to ESG ratings or similar certi�cations. The sample consists of 741 KPIs in 364 SLLs issued
between 2017 and 2022.

a total of 18 di�erent categories based on four thematic pillars: environmental, social,

governance, and ESG.3

Table II.6 provides an overview of the distribution of KPIs within the clusters.

With respect to the overarching pillars, we �nd that more than half of the KPIs in

our loan sample (58.43%) belong to the environmental pillar. In contrast, the social

pillar accounts for about 24% of all KPIs identi�ed in the SLLs in our sample, and the

governance pillar accounts for less than 2% of the KPIs in our sample. Finally, we �nd

that ESG ratings and ESG certi�cations are also commonly used in SLLs, accounting for

3An overview of the pillars, including a summary description of the KPIs included in each category,
is provided in Appendix A.
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about 17% of the KPIs in our sample. Overall, this distribution of KPIs suggests that

borrowers place more emphasis on environmental aspects than on social or governance

aspects when determining their KPIs. One possible explanation for this observation

could be that investors (including lenders), regulators, and society place a high value

on environmental responsibility (see e.g., Ilhan et al., 2023; Krueger et al., 2020). As a

result, companies may have stronger external incentives to set environmental KPIs.

Within these pillars, about one-third of all KPIs fall into the category of greenhouse

gas emissions, suggesting that a signi�cant proportion of KPIs are aimed at reducing

such emissions, which is consistent with the analyses of Carrizosa and Ghosh (2022)

and Loumioti and Serafeim (2022). In addition, a signi�cant proportion of the KPIs

fall into the category of ESG ratings. We �nd that SLLs are linked to up to three ESG

ratings from three di�erent rating agencies, although most SLLs have only one ESG

rating as a main KPI. However, if we look at the trend in the use of ESG ratings as

KPIs, we �nd a steady decline over the period of our sample. This trend may be due

to the lack of transparent methodology underlying ESG ratings (Berg et al., 2022b). In

addition, the LMA recommends that borrowers explain why a particular ESG rating

best re�ects the ESG challenges of their core business when using it as a KPI (Loan

Market Association, 2023a). Overall, such developments are likely to encourage the use

of individual and company-speci�c KPIs in the future.

Table II.7 provides an overview of the distribution of KPIs across sectors. The utili-

ties sector has the highest proportion of environmental KPIs (19.17%), followed closely

by the industrials and consumer cyclicals sectors, which account for 16.86% and 14.55%

of all environmental KPIs, respectively. Overall, the distribution of environmental KPIs

suggests that they are widely used across various sectors. Social KPIs are prevalent in

SLLs issued to �rms in the industrials (21.02%) and technology (17.05%) sectors, while

the majority of KPIs covering ratings or similar certi�cations can be found in the real

estate (23.77%) and industrials (18.85%) sectors. In contrast, KPIs covering corporate

governance factors are concentrated in only three main sectors, namely �nancials (40%),

utilities (40%) and energy (20%).
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Table II.7: Distribution of KPIs within sectors.

Sector Environment Social Governance ESG

Basic materials 12.93% 10.23% 0.00% 16.39%
Consumer cyclicals 14.55% 15.91% 0.00% 11.48%
Consumer non-cyclicals 8.78% 6.25% 0.00% 7.38%
Energy 4.16% 3.41% 20.00% 3.28%
Financials 1.39% 4.55% 40.00% 1.64%
Healthcare 2.31% 6.25% 0.00% 2.46%
Industrials 16.86% 21.02% 0.00% 18.85%
Real Estate 10.16% 3.41% 0.00% 23.77%
Technology 9.70% 17.05% 0.00% 5.74%
Utilities 19.17% 11.93% 40.00% 9.02%

P
100.00%

P
100.00%

P
100.00%

P
100.00%

Remark: This table shows the distribution of environmental, social, governance, and ESG KPIs (ab-
solute and percentage terms) within each sector in our sample. ESG KPIs are tied to ESG ratings or
similar certi�cations. The sample consists of 741 KPIs in 364 SLLs issued between 2017 and 2022.

II.4 The design of SLLs

II.4.1 Scoring methodology

In recent years, academics and practitioners have raised concerns about greenwashing

practices observed in SLL transactions.4 Greenwashing is particularly likely when KPIs

are not material and central to the borrower's business activities, when they are not suf-

�ciently ambitious or meaningful, and when the borrower's performance is inaccurately

or inadequately measured, benchmarked, and monitored (Loan Market Association,

2023a). Given their critical role in incentivizing corporate sustainability e�orts, we be-

gin our analysis by shedding light on the characteristics and quality of the KPIs in our

sample. To this end, we evaluate each SLL individually and measure KPI quality by

developing a scoring system based on the SLLP (Loan Market Association, 2023b). The

SLLP provide a framework for the key characteristics that SLLs and their associated

KPIs should meet in order to credibly and e�ectively incentivize ESG performance. In

line with the SLLP, we develop six scoring dimensions to assess the quality of KPIs.

They are summarized in Table II.8.

4For example, the oil�eld services company Schlumberger signed an SLL in 2021 before it had even
established o�cial sustainability KPIs (International Financing Review, 2021).
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Table II.8: KPI score dimensions.

Score dimensions

1 Strategic relevance
2 Materiality
3 Measurability
4 Benchmarking
5 Pricing mechanism
6 External review

Remark: This table shows the six main dimensions on which our score for measuring the quality of
SLL KPIs is based. Strategic relevance refers to the relevance of the KPIs to the borrower's strategy
and sustainability objectives. Materiality assesses whether the KPIs address �nancially material issues
based on the SASB Materiality Map. Measurability assesses whether the KPIs are measurable or
quanti�able on a transparent methodological basis. Benchmarking examines whether the KPIs are
benchmarked against relevant standards or targets. Pricing mechanism refers to the existence of a
bonus and malus system related to interest rate adjustments. External review refers to an external
independent veri�cation of performance against the KPIs.

To calculate a score for each SLL based on the dimensions described, each dimension

is assigned a value of 0, 0.5, or 1 depending on the degree of ful�llment. Thus, the

maximum score per SLL is 6 points if all dimensions score fully. The KPIs are considered

at the loan level. An overview of examples of KPIs that have been assigned a value of

1 in a particular dimension can be found in Appendix B.

The �rst dimension assesses whether the KPIs are relevant to the borrower's strat-

egy (Loan Market Association, 2023b). To satisfy the �rst dimension, a KPI must

either be an integral part of a clearly de�ned sustainability strategy, or represent an

important sustainability objective set by the company prior to the loan issuance. KPIs

are assigned a value of 0 if they are not in line with the borrower's o�cial sustainability

goals. In addition, KPIs are assigned a value of 0 if there is no public information on

the borrower's sustainability goals. Consequently, companies without a sustainability

strategy cannot receive a full score in this dimension. This is consistent with the fol-

lowing principle: �A SLL could be made theoretically to any borrower, but will be best

suited to those that already have a sustainability strategy in place.� (Loan Market As-

sociation (2023a), p.4). However, it is important to note that this does not disadvantage

companies with low ESG ratings. These companies may already have a sustainability

strategy or be actively developing one to improve their ESG performance. This dimen-
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sion therefore assesses the strategic relevance of KPIs included in SLLs, regardless of

the company's ESG performance. In contrast, KPIs are assigned a value of 0.5 if they

are only partially aligned with the borrower's sustainability strategy. Finally, KPIs are

assigned a value of 1 if they are fully aligned with the borrower's publicly disclosed key

sustainability objectives.

The second dimension of the score examines whether the KPIs are material and

address �nancially relevant sustainability challenges in the industry in which the com-

pany operates. For example, a company may choose to reduce its scope 1 emissions

as part of its SLL, even though these emissions are not a material part of its total

emissions because it operates in an industry that primarily generates scope 3 emissions.

In accordance with the LMA guidance (Loan Market Association, 2023a), we consider

whether KPIs cover material issues by applying the materiality standards developed by

the Sustainability Accounting Standards Board (SASB). In total, the SASB standards

provide industry-speci�c standards for 77 di�erent industries, enabling a comprehensive

assessment of sustainability issues (e.g., diversity and inclusion or water management)

for both green and brown industries. For each industry, SASB ranks sustainability

issues by level of interest, such as the number of mentions in media reports and 10-Ks

(Grewal et al., 2016). In addition, SASB assesses whether the management (or poten-

tial mismanagement) of these issues may a�ect a company's valuation or its operational

or �nancial performance (Sustainability Accounting Standards Board, 2017). From an

investor's perspective, these standards represent the relative priority of sustainability

issues for each industry, allowing di�erent KPIs to be compared and contrasted across

industries. The SASB standards are increasingly used in academic research to assess

the materiality of sustainability issues (see, for example, Khan et al. (2016); Grewal

et al. (2016)). KPIs are assigned a value of 0 if they do not address material sustain-

ability issues as de�ned by SASB. If the KPIs only partially address material topics,

they receive a score of 0.5. KPIs that are tied to ESG ratings represent a special case.

If KPIs in the form of ESG ratings appear individually within an SLL, rather than in

combination with other individual and company-speci�c KPIs, they can only receive

a score of 0, as it is not possible to assess the consistency of an ESG rating with this
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dimension.

The third dimension examines whether the KPIs are measurable or quanti�able. To

satisfy this dimension, the KPIs must be speci�c (e.g., expressed with a clear numerical

value) and target sustainability aspects that can be objectively quanti�ed (Loan Market

Association, 2023a). In particular, the SLLP recommends specifying the applicable

scope of KPIs as well as their calculation method (Loan Market Association, 2023a).

An example of a KPI that would not receive a full score on this dimension is a social

impact KPI de�ned as �the number of people positively impacted by the company� and

measured �in good faith�.

While the third dimension assesses the ability to objectively quantify and mea-

sure a borrower's performance, the fourth dimension involves verifying that a KPI is

benchmarked against an external reference, which is an important feature to facili-

tate an assessment of the overall level of ambition. The SLLP recommend a range

of benchmarking approaches, including the use of industry initiatives and standards,

science-based scenarios, and country targets (Loan Market Association, 2023b). There-

fore, KPIs that are explicitly linked to a benchmark, such as the Science Based Targets

initiative, receive a value of 1. In addition, it is important to note that all KPIs in our

sample that meet this fourth dimension also ful�ll the third dimension and are therefore

measurable. However, measurability alone is no guarantee that a KPI is benchmarked.

The pricing mechanism in terms of interest rate adjustments is assessed in the �fth

dimension. A key feature of SLLs is that the margin can be reduced if the borrower

meets its sustainability targets as measured by pre-de�ned KPIs. SLLs can also be

designed to require the borrower to pay higher interest rates if it fails to meet its

sustainability targets. To address this �fth dimension, SLL margin adjustments should

explicitly include not only a bonus (i.e., margin reduction) but also a malus (i.e., margin

premium). With a malus system, borrowers demonstrate an even stronger commitment

to their sustainability objectives by facing the possibility of paying higher interest rates.

In general, penalties have been shown to be more e�ective incentives than rewards (An-

dreoni et al., 2003). Since KPIs linked only to a bonus system create weaker incentives,

they are given a score of 0.5, while a neutral bracket in which no margin adjustment
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applies does not create a credible incentive and is given a score of 0. In addition, KPIs

receive a score of 0 if no bonus or malus system is clearly mentioned. As the SLLP

point out, transparency is �of particular value in this market� (Loan Market Association

(2023b), p.4), and borrowers are therefore encouraged to publicly report information

on such loan characteristics.

Although we consider the design of the pricing mechanism, we do not assess the

actual level of interest rate adjustments in basis points (bps) as this information is

often con�dential and data for most SLLs in our sample is lacking.5 We assume that

the larger the adjustment in basis points, the greater the incentive for borrowers to meet

their sustainability targets. A few cases in our sample suggest that such adjustments

are often limited to 5 basis points. In rare cases, they can reach up to 10 basis points.

This is consistent with Du et al. (2023), who conclude that the size of margin discounts

is not economically large enough to make loan spreads of SLLs signi�cantly lower than

those of non-SLLs. Overall, the potential bene�t to borrowers so far appears to be

economically small (Du et al., 2023).

The �nal dimension assesses whether the KPIs are subject to independent third-

party veri�cation. According to the SLLP, borrowers should have an independent and

external review of their performance against each sustainability objective at least once

a year. To be credible, this review should be conducted by a quali�ed external veri�er,

such as an auditor, by way of limited or reasonable assurance, or a rating agency (Loan

Market Association, 2023b). For example, if the KPIs are linked to ESG ratings, they

receive a score of 1 as external rating agencies monitor and review these ratings at least

annually. However, if there is only a one-time certi�cation of progress, or if only one of

several underlying KPIs is subject to an explicit external review, such as a reasonable

assurance review, the dimension is only partially met.

Table II.9 shows the pairwise correlations between all six dimensions of our KPI

score. The highest correlation is between strategic relevance and materiality (0.53),

indicating a moderate relationship. However, all other correlations are weak, under-

5This is particularly the case for EU SLLs. In contrast, 8-K forms tend to include information on
the actual amount of interest rate adjustments.
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Table II.9: Correlations between KPI score dimensions.

Score dimension

(1) (2) (3) (4) (5) (6)
Score dimension Strategic

relevance
Materiality Measur-

ability
Bench-

marking
Pricing

mechanism
External
review

(1) Strategic relevance 1.000
(2) Materiality 0.530 1.000
(3) Measurability 0.040 � 0.002 1.000
(4) Benchmarking � 0.187 � 0.177 0.088 1.000
(5) Pricing mechanism � 0.063 0.032 � 0.007 0.021 1.000
(6) External review � 0.359 � 0.104 0.072 0.231 0.143 1.000

Remark: This table presents the pairwise correlation coe�cients between the dimensions of our KPI
score. The sample consists of 364 SLLs issued between 2017 and 2022.

scoring the importance of including all six dimensions in our KPI analysis. In particular,

we �nd that strategic relevance has a modest positive correlation with measurability

(0.040), while it is negatively correlated with benchmarking, pricing mechanism, and

external review. Although one might expect measurability to be positively correlated

with both benchmarking and external audit, the corresponding pairwise correlations be-

tween measurability and external audit (0.072) and between measurability and bench-

marking (0.088) are rather weak. In addition, we �nd that the pricing mechanism is

only weakly correlated with the other �ve dimensions. Overall, the correlation matrix

suggests that each of these dimensions captures unique and di�erent information and

together contribute to a comprehensive understanding of the KPIs.

II.4.2 Score results and distribution

Figure II.1 shows the distribution of KPI scores for each score dimension. Overall, the

results show signi�cant di�erences between the various dimensions. Panel A presents

the results for the assessment of the strategic relevance of the KPIs. We �nd that

218 out of 364 SLLs (60% of our sample with KPI information) are structured around

KPIs that are explicitly part of an existing strategy. The majority of borrowers refer

to the objectives associated with the KPIs in their reference documents such as annual

or sustainability reports. On the other hand, 22% of the SLLs in the sample have
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KPIs that do not align with the borrowers' stated sustainability goals or priorities. In

addition, a few companies do not explicitly reference a sustainability strategy in their

reporting. In general, the results suggest that borrowers are using SLLs as a means to

further embed existing sustainability goals in their organizations.

Panel B shows the results of the materiality assessment using the SASB standards.

We �nd that 153 SLLs, or 42% of our sample, are tied to sustainability goals that

are not �nancially material, while 30% of SLLs fully meet this criterion and 28% are

only partially tied to material KPIs. This �nding is consistent with Loumioti and

Serafeim (2022), who report that only about half of the SLLs in their sample include

material KPIs. Given that the goal of the SASB Materiality Map is to highlight the

sustainability issues that are most likely to impact the company's �nancial performance,

this suggests that a large portion of the KPIs in ESG-linked loan agreements do not

target improvements in the sustainability areas that are most important to investors.

Turning to the third dimension of our score, our results in Panel C show that 95%

of SLLs are tied to measurable and quanti�able metrics. Perhaps not surprisingly, this

suggests that most of the SLLs in our sample are based on goals that include a speci�c

and objectively quanti�able metric that allows lenders to track performance against the

pre-de�ned goals. On the other hand, only 17 SLLs (5%) in our sample are tied to KPIs

whose measurability is subject to interpretation, such as the number of people positively

impacted by the business and measured �in good faith�. Since lenders must approve the

selected KPIs, setting targets that are not measurable would not only make it di�cult

to evaluate performance, but could also damage the lenders' reputation. Measurable

KPIs are therefore critical to ensuring the integrity of SLLs and mitigating reputational

risks for lenders.

In contrast, the results in Panel D show that only 55 SLLs, or 15% of the sample,

contain a clear reference to a benchmark, while 144 loans (40%) are partially bench-

marked and 165 (45%) contain no form of benchmark. The lack of benchmarks for the

selected KPIs makes it di�cult to compare and contrast their level of ambition. Even

ESG ratings, which can be considered a form of benchmark as they are based on a

standardized scale, tend to di�er from each other, limiting their comparability (Berg
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Figure II.1: Assessment of KPI score per dimension.

Remark: This �gure shows the frequency of loans with speci�c KPI scores on each scoring dimension.
Dimension 1 (strategic relevance) refers to the relevance of the KPIs to the borrower's strategy and
sustainability objectives. Dimension 2 (materiality) assesses whether the KPIs address �nancially ma-
terial issues based on the SASB Materiality Map. Dimension 3 (measurability) assesses whether the
KPIs are measurable or quanti�able on a transparent methodological basis. Dimension 4 (benchmark-
ing) examines whether the KPIs are benchmarked against relevant standards or targets. Dimension 5
(pricing mechanism) refers to the existence of a bonus and malus system related to interest rate ad-
justments. Dimension 6 (external review) refers to an external independent veri�cation of performance
against the KPIs. The sample includes a total of 364 SLLs with KPI information. Each loan is given
a score of either 0, 0.5 or 1 in each of the six dimensions.
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et al., 2022b). However, this may also be due to a lack of appropriate benchmarks,

especially since many of the industry standards, science-based targets, or other proxies

proposed by the LMA (Loan Market Association, 2023a) primarily address the envi-

ronmental dimension and do not necessarily serve as appropriate benchmarks for social

and governance KPIs.

Panel E shows the results for the �fth dimension, which relates to the pricing mech-

anism. We �nd that about 40% of SLLs include a malus mechanism that requires

borrowers to pay higher interest rates if they do not meet their sustainability targets.

In comparison, 17% of SLLs include only a bonus mechanism, suggesting that borrowers

can bene�t from a lower interest rate if they meet their targets, but do not have to pay

a �nancial penalty if they do not. This �nding is consistent with Carrizosa and Ghosh

(2022), who report for their sample that most ESG-linked loan contracts include inter-

est rate reductions in response to positive sustainability performance, but only half of

the contracts include interest rate increases when performance is negative. In our case,

156 out of 364 SLLs, or 43% of the sample, indicate that the loan margin is linked to

sustainability KPIs, but do not provide further details. While the exact amount of the

adjustment in basis points can be considered con�dential, it is noteworthy that SLLs

tend to exhibit limited disclosure of bonus and/or malus provisions.

Finally, we �nd mixed results with respect to the annual external review of the

selected KPIs, as shown in Panel F. We report that almost half (48%) of the SLLs in

our sample are tied to KPIs that are subject to explicit external review at least once a

year, which is consistent with previous literature on SLLs (Carrizosa and Ghosh, 2022).

In these cases, the independent third party is explicitly mentioned in the documen-

tation and/or the KPIs are part of annual reporting subject to limited or reasonable

assurance. In addition, KPIs linked to ESG ratings are, by their nature, also subject

to annual review. However, we also note that 150 SLLs (41%) do not satisfy this �fth

dimension. In particular, many borrowers do not speci�cally mention a mandated third

party and/or do not report on their performance against the KPIs in the years fol-

lowing issuance by including performance review information in the form of limited or

reasonable assurance audits. This suggests that the disclosures of SLL borrowers are
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Figure II.2: Number of SLLs by KPI score.

Remark: This �gure shows the distribution of the total KPI score. The total KPI score for each loan
is the sum of the individual scores for the six dimensions. The sample consists of 364 SLLs issued
between 2017 and 2022.

often insu�cient to meaningfully review and assess performance against targets.

In a next step, we examine the distribution of the KPI score across our sample. Fig-

ure II.2 shows the overall KPI score distribution. This distribution follows a Gaussian-

like bell curve, which validates our methodology as we expect data points near the mean

to have a higher frequency than those farther from the mean. The average KPI score

in our sample is 3.47 and the median is 3.50, and while there is no loan that achieved

the lowest possible score of 0, only 11 loans achieve a maximum score of 6 points. The

majority of loans in our sample have a score of 3.5 or less, suggesting that these loans

are only partially designed to incentivize sustainability e�orts by their borrowers.

Panel A in Figure II.3 shows the evolution of the average KPI score over time. The

score improves over time, starting with an average of 2.88 in 2017 and increasing to

3.71 in 2022, suggesting that SLLs are becoming more stringent in terms of their ESG

incentives. However, it is also important to note that the number of SLLs has increased

over time, so the higher overall average at the end of our sample period could also be

due to a larger sample size. We also �nd in Panel B that a higher number of KPIs

per SLL does not necessarily lead to a higher KPI score. While focusing on a limited
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Figure II.3: Average KPI score per year and number of KPIs.

Remark: Panel A shows the average total KPI score per year. Panel B presents the average total KPI
score per number of KPIs included in an SLL. The sample consists of 364 SLLs issued between 2017
and 2022.

number of sustainability targets may prevent SLL borrowers from meeting the needs

and interests of all their stakeholders, simply multiplying KPIs also seems to make such

instruments less e�ective in strengthening sustainability incentives. This �multitasking

problem� (Bebchuk and Tallarita, 2022), which has also been documented in the earlier

literature on ESG-based compensation, further corroborates the challenges companies

face in identifying and de�ning value-relevant and measurable metrics.

II.5 Empirical results

II.5.1 Firm-level data and matching procedure

Our prior KPI analysis provides insights into the design of SLLs and casts doubt on their

e�ectiveness in incentivizing corporate sustainability e�orts. In this section, we explore

this question further by empirically examining how �rms' ESG performance, measured

by their di�erent ESG scores, evolves following the issuance of SLLs. Following the

methodology in Kim et al. (2023), we contrast changes in the ESG ratings of SLL

borrowers and a set of control �rms that also borrowed over the same period but not
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through SLLs.

As there could be structural di�erences between SLL borrowers and other �rms,

we apply the 1:1 nearest-neighbor matching method following Rubin (1973) to �nd

comparable �rms to SLL borrowers as control �rms and run the regressions on this

matched sample. To examine the development of �rms' ESG performance following

the issuance of SLLs, we match the SLL borrowers in our sample with conventional

borrowers based on one-year lagged values for pro�tability, leverage, size, book-to-

market ratio, ESG score as well as industry and region. To ensure a comprehensive

dataset for conventional borrowers, we retrieve data from Re�nitiv DealScan's database.

SLL borrowers and conventional borrowers are matched in the years of loan origination.

For example, �rms that concluded an SLL in 2019 are matched with �rms that obtained

a conventional loan in 2019. In the context of this study, we de�ne a conventional

borrower as a �rm that acquired a loan in a speci�c year but did not issue any SLL

throughout the sample period. We perform the matching without replacement so that

each control �rm is unique, and drop unmatched �rms from our sample to avoid any

bias from inadequate comparison.

As shown in Table II.10, treated and control �rms display di�erences before match-

ing. We observe that SLLs are generally issued by �rms that exhibit above-average

ESG performance and have signi�cantly higher ex-ante ESG scores than borrowers of

conventional loans. In addition, SLL borrowers are typically characterized by larger

company sizes, higher book-to-market ratios, and lower levels of leverage and prof-

itability. Our matching procedure results in 187 unique SLL borrowers and 225 unique

matched peers and signi�cantly reduces the observed di�erences between treated and

control �rms. 6

6The mean values correspond to the time of matching. Although they represent a large fraction of
SLL borrowers, �rms that issued a SLL in 2022 were not matched, as their ex-post ESG performance,
e.g., in year 2023, cannot yet be assessed.
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Table II.10: Di�erences between treatment and control �rms.

Pre-matching Post-matching

Panel A: Sample sizes
N �rms 274 1,683 187 225

Panel B: Control Variables
Mean SLL
borrowers

Mean conv.
borrowers

Di�erence t-stat Mean SLL
borrowers

Mean conv.
borrowers

Di�erence t-stat

Leverage 0.334 0.535 -0.201 -0.999 0.326 0.314 0.012 0.848
Book to market 0.760 0.594 0.166 1.840 0.601 0.585 0.016 0.457
Size 22.871 22.107 0.764*** 7.960 23.300 23.400 -0.100 -0.757
Pro�tability 3.825 5.745 -1.920*** -5.470 3.930 4.000 -0.070 -0.172
ESG Score 6.500 4.901 1.599*** 11.300 6.670 6.110 0.560*** 2.840

Remark: This table reports the di�erences in �rm characteristics between SLL borrowers (treated) and conventional borrowers (control) before and
after matching. We match SLL borrowers with conventional borrowers based on lagged (1 year) values for pro�tability, leverage, size, book-to-market
ratio, ESG rating as well as industry and region. Control �rms are matched to borrower �rms using 1:1 nearest-neighbor matching method following
Rubin (1973). We match each borrower on the year prior to the issuance of SLL without replacement and drop non-matched �rms from our sample.
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Table II.11 presents the key ESG and �nancial data for the matched sample of

treated and control �rms. Panel A reports the descriptive statistics of the overall

ESG score, its three main pillars, and the climate score. We obtain the ESG scores

from the MSCI database to capture borrowers' ESG performance before and after loan

origination. To be included in the sample, we require at least one year of MSCI ESG

score in each of the pre- and post-issuance periods.

In our analyses, we use di�erent types of ESG data, including industry-adjusted

scores, environmental and social pillar scores, and climate change scores. These scores

capture sustainability aspects that also play a key role in the selection of KPIs in ESG-

linked loan agreements. In particular, the industry-adjusted scores allow us to consider

the importance of environmental, social, and governance performance indicators for

di�erent industries and borrowers. Environmental and social pillar scores are calculated

based on the weighted average of key aspects such as carbon emissions, biodiversity and

land use, raw material sourcing, health, and safety of employees within each pillar. The

climate change score falls under the environmental category and assesses a company's

exposure to climate change and its e�orts to manage that exposure.

MSCI rates �rms' ESG performance on a scale of 0 to 10, with 10 representing the

highest performance. Such ratings are updated at least annually. Ongoing or structural

controversies lead to score deductions. For the purpose of our analyses, MSCI ratings

o�er several advantages over other data providers. First, MSCI is the largest provider

of ESG ratings globally, resulting in broader coverage of companies relative to other

providers, as reported in previous studies (Eccles and Stroehle, 2018; Pástor et al.,

2022). In addition, MSCI ESG ratings are of signi�cant importance in the context of

US ESG fund holdings, as shown in recent research (Berg et al., 2022a). Given their

in�uential role in the market, investors are therefore more likely to react to �uctuations

in these speci�c ratings. Finally, while ESG ratings from other providers such as Asset4

appear to have been subject to backward revisions (Berg et al., 2020), there is currently

no evidence that this is also the case for MSCI ESG ratings.

As shown in Table II.11, the average SLL borrower in our matched sample has an

overall ESG score of 6.48. We also present summary statistics for the ESG data of the
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EU and US subsamples. The average SLL borrower in the EU has a higher overall ESG

score of 6.89, indicating particularly strong environmental and corporate governance

performance. In contrast, the average SLL borrower in the US scores a comparatively

lower overall ESG score of 5.43, indicating weaker performance on environmental, social

and governance aspects compared to their European counterparts.
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Table II.11: Summary statistics (matched sample).

SLL borrowers (treated) Conventional borrowers (control)

N Mean Std. dev. Min. Max. N Mean Std. dev. Min. Max.

Panel A: ESG Data
ESG score 1,217 6.476 2.137 0.000 10.000 1,427 6.093 2.057 0.000 10.000
E score 1,246 6.021 2.061 0.000 10.000 1,459 5.917 2.102 0.100 10.000
S score 1,246 4.959 1.800 0.000 10.000 1,459 4.847 1.730 0.000 10.000
G score 1,246 5.951 1.377 0.300 9.400 1,459 5.637 1.298 0.800 9.500
Climate score 1,063 7.512 2.658 0.000 10.000 1,244 7.485 2.357 0.000 10.000

EU Sample
ESG score 870 6.894 1.966 0.000 10.000 795 6.541 1.931 0.000 10.000
E score 892 6.101 2.127 0.000 10.000 818 5.869 2.146 0.700 10.000
S score 892 5.125 1.680 0.000 10.000 818 5.114 1.705 0.000 10.000
G score 892 6.135 1.411 0.300 9.400 818 5.935 1.335 0.800 9.500
Climate score 762 7.504 2.792 0.000 10.000 698 7.538 2.255 0.000 10.000

US Sample
ESG score 347 5.429 2.191 0.300 10.000 632 5.530 2.057 0.000 10.000
E score 354 5.820 1.873 1.600 10.000 641 5.978 2.045 0.100 10.000
S score 354 4.542 2.015 0.000 10.000 641 4.505 1.703 0.000 9.800
G score 354 5.488 1.170 1.200 8.000 641 5.256 1.142 1.900 8.400
Climate score 301 7.534 2.286 0.000 10.000 546 7.417 2.481 0.000 10.000

Panel B: Financial Data
Size 1,296 23.243 1.453 18.971 27.570 1,547 23.389 1.659 18.606 27.696
Leverage 1,294 0.302 0.143 0.000 0.706 1,545 0.305 0.167 0.000 0.805
Pro�tability 1,216 0.051 0.051 -0.160 0.374 1,416 0.047 0.056 -0.358 0.458
Book to market 1,280 0.630 0.518 0.006 6.330 1,526 0.622 0.561 0.004 8.265
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Remark: This table reports the summary statistics for ESG and �nancial data employed in our sample of SLL borrowers (treated) and conventional

borrowers (control). Panel A reports the ESG data for treated and control �rms. The ESG data is provided for the whole sample as well as for the

EU and US samples separately. TheESG score, the climate score as well as theenvironmental-, social- and governance-scoreare taken from MSCI.

Panel B reports the �rm-level �nancial data for the treated and control �rms. Firm size is de�ned as the natural logarithm of the �rm's total assets,

leverageis measured as the �rm's total liabilities divided by total assets, pro�tability is the �rm's net income prior to �nancing costs divided by total

assets andbook-to-market ratio is a company's book value per share divided by its stock price. Our total sample contains a total of 2,884 �rm-year

observations. The �rm-level controls are winsorized at 1% and 99%.
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As other factors may in�uence the development of ESG performance subsequent

to the issuance of ESG-linked loans, we control for several measures of �nancial per-

formance by including �rm-speci�c variables obtained from Re�nitiv. Speci�cally, we

account for �rm size , de�ned as the natural logarithm of the �rm's total assets, and

leverage, measured as the �rm's total liabilities divided by total assets. We also account

for pro�tability , calculated by dividing the �rm's net income prior to �nancing costs by

total assets. Finally, we incorporate thebook-to-market ratio, calculated by dividing a

company's book value per share by its stock price. To eliminate outliers, we winsorize

�rm-level control variables at the 1st and 99th percentiles. As shown in Table II.11,

the average SLL borrower in our sample has a size of $23.24 billion in total assets

(log-transformed values are shown), a mean pro�tability (ROA) of around 5%, a mean

leverage ratio of 0.30 and a book-to-market ratio of 0.63. Our total sample contains a

total of 2,884 �rm-year observations.

II.5.2 SLL issuance and ex-post ESG performance

To determine the relationship between SLL issuance and ex-post ESG performance,

we use a two-way �xed e�ects (TWFE) model to estimate our di�erence-in-di�erences

design. Using this approach, we examine treated �rms that issued SLLs and compare

them to a control group of �rms that took conventional loans both before and after the

treated �rms issued an SLL for the �rst time. Speci�cally, we estimate the following

model:

ESG Scorei;t = � 1Post Loan Issuancet + � 2SLL Borroweri

+ � 3SLL Borroweri � Post Loan Issuancet + � t + � in + � c + � it (II.1)

whereESG Scorei;t is the ESG score of borroweri in time period t. SLL Borroweri is

an indicator variable that equals 1 if borroweri received an SLL at least once in the

sample period, and 0 otherwise. Post Loan Issuancet is an indicator variable equal to 1

for years after the year of �rst loan issuance, and 0 otherwise. The model accounts for

year (� t ), industry ( � in ) and country (� c) �xed e�ects. To ensure that our results are
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not sensitive to di�erent permutations of �xed e�ects, we also include �rm, industry-

by-year and country-by-year �xed e�ects in several speci�cations.� it is the error term.

All standard errors are clustered at the �rm level. We also estimate our model at the

�rm-year level in further speci�cations.

Table II.12 presents the results for the matched sample of treated and control �rms

for equation (1). Speci�cations (1) - (3) rely on the whole sample, speci�cations (4) -

(6) are based on all SLLs with at least one environmental KPI, speci�cations (7) - (9)

consist of all issued SLLs with at least one social KPI, speci�cations (10) - (12) rely on

all SLLs with at least one CO2-related KPI and speci�cations (13) - (15) comprise all

SLLs with a high KPI score of at least 3.5.
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Table II.12: ESG performance following the issuance of sustainability-linked loans (matched sample).

Dependent variable ESG score E-score S-score Climate score ESG score

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15)

SLL borrower � 0.289* 0.166 0.078 -0.055 0.021 0.004 -0.062 -0.032 0.062 0.329 -0.204 -0.050 0.178 -0.039 -0.063
Post-loan issuance (0.132) (0.121) (0.119) (0.208) (0.128) (0.114) (0.304) (0.242) (0.224) (0.328) (0.300) (0.232) (0.098) (0.166) (0.151)

Post-loan issuance 0.164 -0.200** -0.188** 0.382 0.065 0.025 -0.016 -0.199 -0.192 0.056 0.006 -0.092 0.247 -0.120 -0.140
(0.131) (0.099) (0.090) (0.211) (0.123) (0.094) (0.296) (0.179) (0.157) (0.352) (0.239) (0.189) (0.179) (0.135) (0.122)

Firm FE No Yes Yes No Yes Yes No Yes Yes No Yes Yes No Yes Yes
Year FE Yes No Yes Yes No Yes Yes No Yes Yes No Yes Yes No Yes
Industry FE Yes No No Yes No No Yes No No Yes No No Yes No No
Country FE Yes No No Yes No No Yes No No Yes No No Yes No No
Industry � Year FE No Yes No No Yes No No Yes No No Yes No No Yes No
Country � Year FE No Yes No No Yes No No Yes No No Yes No No Yes No

Observations 2,637 2,637 2,637 1,504 1,504 1,504 752 752 752 987 987 987 1,172 1,172 1,172
Adjusted R-squared 0.217 0.829 0.823 0.128 0.874 0.882 0.237 0.750 0.757 0.278 0.780 0.769 0.196 0.805 0.802

Remark: This table presents �rm ESG performance after the issuance of SLLs using quasi di�erence-in-di�erences panel regressions on the matched
sample. We match borrowers to their control �rms in the year prior the issuance. SLL Borrower is a �rm-invariant indicator variable equal to one if
the borrower obtains a sustainability-linked loan during the full sample period and zero otherwise, Post Loan Issuance an indicator variable equal to
one for the years after the loan issuance and zero otherwise and SLL Borrower� Post Loan Issuance denotes their interaction. The dependent variable
is either the overall ESG score, the environmental score, the social score or the climate score of the borrower in a given year. The �nal sample consists
of 2,637 �rm-year observations. We also run the regression on di�erent subsamples. Speci�cations (1) - (3) are based on the full sample of SLLs,
speci�cations (4) - (6) on all SLLs with at least one environmental KPI, speci�cations (7) - (9) on all SLLs with at least one social KPI, speci�cations
(10) - (12) on all SLLs with at least one CO2-related KPI and speci�cations (13) - (15) on all SLLs with a high KPI score as described in section II.4.
The model accounts for �rm, year, country, industry, industry-by-year and country-by-year �xed e�ects. Robust standard errors in parentheses are
clustered at the �rm-year level in columns (1), (4), (7), (10) and (13) and at the �rm level otherwise. ***, **, * denote statistical signi�cance at the
1%, 5% and 10% level, respectively.
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Speci�cations (1) to (3) show positive coe�cients, but statistical signi�cance is only

observed in speci�cation (1) at the 10% level. For speci�cations (4) to (6) focusing

on SLLs with environmental KPI, and speci�cations (7) to (9) considering SLLs with

social KPIs, there is no clear evidence of a signi�cant impact on the environmental and

social scores of the SLL borrowers, respectively. Likewise, speci�cations (10) to (12)

examining SLLs with CO2-related KPIs do not indicate a positive e�ect on the climate

scores of the borrowers. Finally, speci�cations (13) to (15) analyze SLLs with a high

KPI score, zeroing-in on the �high-transparency� group in Kim et al. (2023). Again,

the results do not indicate any signi�cant positive e�ect on the borrowers' overall ESG

scores, con�rming the results of Kim et al. (2023).

Overall, the coe�cients for SLL borroweri � Post Loan Issuancet indicate that there

is no consistent and strong evidence to support the idea that the issuance of SLLs leads

to higher ESG performance for the borrowing �rms. The coe�cients are generally small

and often statistically insigni�cant, suggesting that the relationship between SLLs and

ESG performance is weak or inconclusive.

These �ndings are in line with with those of Du et al. (2023), who also report that

SLL borrowers do not improve their ESG performance in the years after SLL origination.

In addition, they con�rm the �ndings of Kim et al. (2023), who document that the

issuance of SLLs with veri�able information on KPIs is not associated with signi�cant

improvements or declines in borrowers' ESG scores. In contrast, Kim et al. (2023) also

�nd a post-loan deterioration in ESG performance for borrowers with low-transparency

SLLs. It is important to note, however, that di�erences in matching procedures and

the choice of borrowers' sustainability scores can signi�cantly a�ect the results of the

analyses, as documented by Du et al. (2023) and previous studies on ESG ratings (Berg

et al., 2022b). Due to considerations highlighted in Section II.5.1, including backward

revisions in Asset4 ESG scores (Berg et al., 2020), we choose to rely on MSCI in our

analyses.

A recent literature shows that estimating equation (1) as a conventional event study,

that is, by ordinary least squares (OLS) with two-way �xed e�ects and some lags,

produces estimates that are not reliable (see e.g., de Chaisemartin and D'Haultf÷uille,
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2020; Baker et al., 2022). This is because the TWFE estimator compares �rms that

received an SLL later in the sample period with �rms treated earlier, thus creating a

�bad comparison� problem (Baker et al., 2022). One way to address concerns about

the reliability of the TWFE estimator is to measure the weighted group-time average

treatment e�ect on the treated (ATT), as proposed by Callaway and Sant'Anna (2021).

This procedure is more robust to heterogeneity in the treatment e�ect resulting from

di�erences in the timing of SLL issuance (Callaway and Sant'Anna, 2021).

Table II.13 presents the group-time ATTs along with 95% con�dence bands. In

Column (1), we report the ATT for all samples. First, we use the entire sample of

borrowers and test whether issuing an SLL is associated with an increase in the ESG

score. We then repeat the analysis with di�erent subsamples of borrowers and analyze

whether the sustainability dimensions captured by the KPIs are linked to a change in the

corresponding sustainability scores. In other words, we analyze the relationship between

SLLs with environmental, social, or climate change KPIs and environmental, social,

or climate change scores, respectively. The ATT coe�cients are all statistically non-

signi�cant, con�rming our results above and suggesting that SLLs are not associated

with a change in corporate sustainability performance and that the KPIs included in

an SLL are not related to an increase in the respective ESG pillar score. Finally, we

also examine the subsample of SLL borrowers with a high KPI score. Our results may

be heterogeneous due to SLLs that score poorly in all six KPI dimensions. However,

even when using a subset of all borrowers whose SLLs have a score of at least 3.5 and

their respective control �rms, we still �nd no statistical signi�cance.

Taken together, these results support the hypothesis that SLL issuance is not associ-

ated with a signi�cant change, i.e., neither deterioration nor improvement, in borrowers'

ESG pro�les ex-post. While existing studies have produced mixed results regarding the

impact of SLLs on ESG improvements (Kim et al., 2023; Du et al., 2023; Dursun-de

Neef et al., 2023), our methodology for assessing the quality of KPIs in SLLs contributes

to a deeper understanding of the underlying factors that can explain the observed non-

existent relationship between SLL issuance and sustainability performance. In addition

to the lack of credible incentives provided by the KPIs, another possible explanation
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Table II.13: Weighted average treatment e�ects of sustainability-linked loan issuance
on ESG performance (matched sample).

ATT SE Lower CI Upper CI

Dependent variable (1) (2) (3) (4)

Whole sample
ESG score -0.156 0.111 -0.373 0.061
E KPI sample
E Score -0.082 0.092 -0.263 0.099
Climate score 0.020 0.111 -0.197 0.238
S KPI sample
S score -0.055 0.179 -0.406 0.296
CO2 KPI sample
Climate score -0.036 0.121 -0.274 0.203
High KPI sample
ESG score -0.183 0.142 -0.462 0.095

Remark: The table presents the weighted group-time average treatment e�ect on the treated following
Callaway and Sant'Anna (2021). Standard errors (SE), lower and upper 95% con�dence intervals (CI)
are adjusted for multiple testing and calculated using bootstrapped standard errors. ***, **, * denote
statistical signi�cance at the 1%, 5% and 10% level, respectively.

for our results could be that �rms receiving SLLs already have above-average ESG per-

formance before the loan is even issued, as shown in the data from II.5.1. Thus, SLLs

appear to simply sustain the current level of ESG performance rather than signi�cantly

improving it in the years following the issuance.

II.5.3 Stock market reactions to SLL issuance announcements

One of the reasons often cited in the literature for issuing sustainable debt is the sig-

naling e�ect (see e.g., Flammer, 2021; Kim et al., 2023), which states that borrowers

seek to signal their ESG commitment by obtaining sustainable debt instruments from

established lenders. In this section, we explore this question by analyzing stock market

reactions to SLL announcements. Such announcements may be perceived positively by

investors, leading to positive market reactions. However, there are also several reasons

to believe that stock markets may respond negatively or be indi�erent to the issuance

of SLLs.

First, assuming that stock prices re�ect all the information available at a given
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point in time, SLLs may not provide investors with new information that is not already

included in companies' annual reports or sustainability strategies. Second, the selected

KPIs often fail to address issues that are �nancially material, as shown by our KPI

analysis. Therefore, it is likely that the issuance of SLLs does not provide any new

information about a company's �nancial performance, which is the primary driver of

stock prices. In addition, the �nancial incentives tied to SLLs may not have an imme-

diate and strong e�ect on �rms' �nancial performance, making it di�cult for investors

to assess the potential �nancial bene�ts of SLLs. Moreover, in an equilibrium, the more

sustainable stocks of greener �rms tend to exhibit lower ex ante CAPM alphas (Pástor

et al., 2022). Finally, SLLs are also typically costly due to the additional reporting and

monitoring requirements in the short run,7 while the longer-term nature of their sus-

tainability goals may not align with the short-term focus of the equity market (Pedersen

et al., 2021).

In our analyses, we make use of the fact that the Re�nitiv DealScan database con-

tains the announcement date of the SLLs, i.e. the day on which a company announced

the closing of a loan. The announcement date is the relevant date for our event study

because it captures the day when the information is released to the market. However,

for most SLLs in our sample, we �nd that the announcement date and the �nancial

close date are similar, suggesting that the market is generally informed about an SLL

issuance as soon as the loan agreement is successfully closed. In our analyses, we use

unique events and consider each announcement of one or more SLLs on a single day as

one event.

To conduct the event study, we employ the standard market-model methodology

using an estimation window of 120 trading days that ends 30 days prior to the event.

The abnormal returns are computed using STOXX Europe 600 and S&P 500 as our

relevant benchmarks for SLL borrowers in the EU and the US, respectively. In addition,

we consider the following four event windows: [�1,1] and [�1,5], [1,3] and [1,10], which

account both for the possibility that some information may have been known to the

7Kim et al. (2023) show that SLL borrowers do not enjoy pricing bene�ts at issuance from obtaining
SLLs.
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Table II.14: Borrower stock returns around sustainability-linked loan issuance an-
nouncements.

Event window All SLLs E KPI S KPI

CAR t-stat N CAR t-stat N CAR t-stat N
Panel A: EU sample

[-1,1] -0.11 -0.55 436 -0.24 -0.81 214 -0.38 -1.24 112
[-1,5] -0.26 -0.91 436 -0.25 -0.63 214 -0.43 -0.87 112
[1,3] -0.19 -0.78 436 -0.13 -0.16 214 -0.31 -0.68 112
[1,10] -0.77** -2.22 436 -0.88 -1.78 214 -0.51 -0.78 112

Panel B: US sample

[-1,1] -0.49* -1.81 148 -0.74* -1.75 67 -0.92 -1.61 27
[-1,5] -0.51 -1.14 148 -0.71 -0.89 67 -0.54 -0.75 27
[1,3] -0.44 -1.64 148 -0.93 -1.55 67 -0.82 -0.97 27
[1,10] -0.92 -1.33 148 -1.54* -1.89 67 -1.31 -0.86 27

Remark: This table reports average cumulative abnormal stock returns (CARs) of SLL borrowers for
di�erent time windows around public announcements of SLL issuance. The overall sample consists of
584 SLL issuance events. CARs are computed from a market model using the Stoxx Europe 600 in
Panel A and and the S&P 500 in Panel B as the market benchmark for the 120 trading day period
ending 30 trading days prior to the loan announcement date. We report average CARs around di�erent
event windows for the whole sample and subsamples of SLLs with either environmental and/or social
KPIs. CARs are reported in %. ***, **, * denote statistical signi�cance at the 1%, 5% and 10% level,
respectively.
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public prior to the announcement and for a staggered response.

In Table II.14, we report the average cumulative abnormal stock returns (CARs)

expressed as a percentage for each event window. In Panel A, we report the average

CARs for the subsample of EU SLL borrowers, comprising 436 issuance events. As

shown, the results indicate that the CARs are insigni�cant, with the exception of the

larger event window [0,10], where the CARs are negative and signi�cant at the 5% level.

While this suggests that the stock market reacts negatively to the issuance of SLLs,

the results could also be due to unrelated trends around the event date. In a next

step, we report the average CARs for the subsample of loan issuances with at least one

environmental KPI and the subsample of loan issuances with at least one social KPI.

In both subsamples, the CARs are insigni�cant for all event windows.

Panel B of Table II.14 presents the average CARs for the US subsample, comprising

a total of 148 issuance events. In this case, we document a signi�cant negative market

reaction with cumulated abnormal returns of� 0.49% in the event window [-1,1], sym-

metrically surrounding the announcement date of issuance. This result also holds when

considering only the subsample of US �rms issuing SLLs with a least one environmental

KPI. These �rms exhibit CARs of � 0.74% in the event window [-1,1] and -1.54% in the

event window [1,10].

In Table II.15, we present the average CARs for subsamples of issuance events

associated with high KPI (at least 3.5) or low KPI score (below 3.5). The CARs are

insigni�cant in all intervals, except for US �rms issuing SLLs with a high KPI score

which exhibit negative CARs of -2.40% in the event window [1,10].

Overall, our results suggest that stock markets are rather indi�erent to the issuance

of SLLs by EU �rms. In contrast, announcements of SLL issuance in the US are met

with caution by investors, especially when the loans include environmental KPIs. There

are several possible interpretations for these observations. First, investors may remain

skeptical about the value of integrating ESG factors into investment decisions, which

could contribute to the observed lack of positive response (see e.g., Edmans, 2023b).

This is particularly the case in the US, where growing ESG sentiment, especially in

Republican states, has led to restrictions on state funds from investing in ESG products.
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Table II.15: Borrower stock returns around high- and low-quality KPI loan announce-
ments.

Event Window High KPI score Low KPI score Di�erence t-stat

CAR t-stat N CAR t-stat N
Panel A: EU sample

[-1,1] -0.23 -0.54 91 -0.21 -0.74 126 -0.02 -0.03
[-1,5] -0.30 -0.52 91 -0.13 -0.40 126 -0.17 -0.24
[1,3] -0.02 -0.03 91 -0.34 -1.04 126 0.32 0.67
[1,10] -0.81 -1.14 91 -0.75 -1.35 126 -0.06 -0.07

Panel B: US sample

[-1,1] -0.78 -1.56 35 0.13 0.29 33 -0.91 -1.19
[-1,5] -0.99 -0.98 35 1.60 1.34 33 -2.59** -2.07
[1,3] -0.65 -0.98 35 0.36 0.07 33 -1.01 -1.39
[1,10] -2.40* -1.75 35 -0.11 -0.39 33 -2.29 -1.28

Remark: This table reports average cumulative abnormal stock returns (CARs) of SLL borrowers for
di�erent time windows around public announcements of SLL issuance. The sample consists of 285 SLL
issuance events. CARs are computed from a market model using the Stoxx Europe 600 in Panel A
and and the S&P 500 in Panel B as the market benchmark for the 120 trading day period ending 30
trading days prior to the loan announcement date. We report average CARs around di�erent event
windows for subsamples of SLLs with high and low KPI scores. We report the di�erence of means
between the two subsamples as well as the associated p-value. CARs are reported in %. ***, **, *
denote statistical signi�cance at the 1%, 5% and 10% level, respectively.
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Second, investors may be also wary of possible greenwashing practices, which have

become more prevalent in recent years (Kim et al., 2023). Third, SLLs have higher

costs than conventional loans due to additional reporting and monitoring requirements,

which may also discourage investors from responding positively to their issuance.

In a next step, we investigate whether speci�c loan characteristics may explain the

observed stock market reactions described above. While our KPI analysis helps explain

the nonexistent relationship between SLL issuance and borrowers' ex-post sustainability

performance, it may also shed light on the di�erent stock market reactions to SLL

announcements. Thus, we estimate the following basic equation using ordinary least

squares (OLS):

CAR i = � 0 + � 1Number of KPIsi + � 2KPI Scorei + 
 0x i + � i (II.2)

where CARi is CAR(� 1; 1) for �rm i measured using the market model abnormal

returns, Number of KPIsi is the number of KPIs per loan, KPI Scorei corresponds to

the KPI score for each loan. We either consider the total KPI score or each of the score

dimensions separately.x i is a vector of additional control variables, which are described

in Section II.5.1. � i is the error term.

Table II.16 reports results from estimating equation (2) for the sample of SLLs with

KPI information. The coe�cient for Number of KPIs i is signi�cant and negative in

columns (1) and (2). This result is consistent with the previous �ndings indicating

that investors are vigilant against the issuance of SLLs, especially when such loans

involve a high number of KPIs. In column (3) we �nd further evidence of a negative

association between a higher number of KPIs and market responses to loan issuance.

More precisely, the relationship becomes negative once a SLL has four KPIs. This is

consistent with our �ndings in II.1 where the average KPI score in the sample drops

signi�cantly after four KPIs. This is also in line with Carrizosa and Ghosh (2022), who

document a negative relationship between the number of KPIs and CAR (-1,1).

In contrast, we do not �nd clear evidence that stock markets respond to SLL design

characteristics. In column (1),Total KPI Score has a negative coe�cient, while it has
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a positive coe�cient in column (2). In both cases, the coe�cients are not statistically

signi�cant. Similarly, there is no clear association between the dimensions of the KPI

score and CARs, as shown in column (4), with the exception ofMeasurability, which

appears to be positively linked to CAR (-1,1).

Overall, our results are consistent with Carrizosa and Ghosh (2022), who document

negative and mostly insigni�cant market reactions to SLL issuances. They also cor-

roborate the �ndings of Kim et al. (2023), who report negative market reactions for

low-transparency loans.

II.6 Conclusion

In this paper, we contribute to the emerging literature on ESG lending by conducting

a comprehensive analysis of the characteristics of SLLs, with a particular focus on

their underlying KPIs. The selection and design of KPIs are critical aspects of ESG-

linked loan contracts. Therefore, a detailed analysis of the KPIs is essential to draw

conclusions about the ability of SLLs to incentivize corporate sustainability e�orts.

As a �rst step, we propose a new framework that examines KPIs in SLL agreements

along six dimensions: strategic relevance, materiality, measurability, benchmarking,

pricing, and external review. By examining KPIs along each dimension, our frame-

work provides a detailed understanding of the strengths and weaknesses of SLLs. In

particular, our results show that KPIs often have strategic relevance and are based on

measurable and quanti�able metrics. However, KPIs frequently lack materiality and

are not always subject to external, independent review. In addition, we �nd that KPIs

are only occasionally developed against a speci�c benchmark and that failure to meet

KPIs does not consistently result in �nancial penalties in the form of interest rate in-

creases. Overall, SLL borrowers appear to enter into such agreements to showcase their

existing sustainability practices rather than to incentivize further ESG improvements

through stringent KPIs.

In a second step, we empirically analyze whether the issuance of SLLs is associated

with a change in borrowers' ex-post ESG performance using a di�erence-in-di�erences
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Table II.16: CAR determinants of sustainability-linked loan announcements.

Dependent variable CAR (-1,1) CAR (-1,1) CAR (-1,1) CAR (-1,1)

(1) (2) (3) (4)

Number of KPIs -0.007*** -0.007**
(0.002) (0.003)

Total KPI Score -0.001 0.001
(0.002) (0.003)

2 KPIs -0.011
(0.008)

3 KPIs -0.009
(0.008)

4 KPIs -0.033**
(0.013)

5 KPIs -0.006
(0.029)

KPI Score - Strategic Relevance -0.044
(0.008)

KPI Score - Materiality 0.010
(0.010)

KPI Score - Measurability 0.041**
(0.021)

KPI Score - Benchmarking -0.002
0.010

KPI Score - Pricing Mechanism 0.004
(0.007)

KPI Score - External Review 0.001
(0.010)

Controls No Yes Yes Yes

Observations 347 167 167 167
Adjusted R-squared 0.019 0.005 0.005 0.006

Remark: This table reports the OLS estimations for di�erent samples of SLLs issued from January
1, 2017 to December 31, 2022. The sample consists of 579 SLL issuance events. CAR(-1,1) is the
cumulative abnormal return with an event window of one day before the event to one day after. We
estimate the market model using value-weighted market returns for the 120 trading day period ending
30 trading days prior to the loan announcement date. CARs are reported in %. Robust standard errors
are in parentheses. ***, **, * denote statistical signi�cance at the 1%, 5% and 10% level, respectively.
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design. Our results con�rm the results of our KPI analysis and suggest that the issuance

of an SLL does not have a signi�cant impact on the �rms' ex-post ESG performance. We

also examine stock market reactions to public announcements of SLLs by conducting

an event study. Our results suggest that the issuance of SLLs by EU �rms has no

signi�cant impact on their stock prices, while US �rms experience a signi�cant negative

market reaction, especially when their loans include environmental KPIs.

Our study has several practical implications for market participants. First, lenders

and borrowers should be careful when designing KPIs for SLLs, as lax KPIs can dam-

age their reputation and raise greenwashing concerns. This applies not only to the

sustainability targets associated with the KPIs, but also to their implementation and

independent veri�cation over the life of the loan. Although SLLs have the potential to

promote sustainability, our �ndings suggest that they are not e�ective in signi�cantly

improving ESG performance in the short term. Instead, SLLs may be more e�ective

in sustaining the already high level of ESG performance of borrower �rms, rather than

signi�cantly improving it. Borrowers and lenders should therefore have reasonable ex-

pectations about the potential impact of SLLs as an incentive for sustainable practices.

Overall, our study contributes to the growing literature on ESG lending. Due to

the novelty of SLLs, current studies typically su�er from small sample sizes. As more

data become available, future research could examine the long-term sustainability im-

pacts of SLL issuance on borrowers. Additionally, while transitioning away from use-

of-proceeds-based debt instruments can help democratize sustainable �nance, hurdles

remain for companies with lower ESG pro�les and for small and medium-sized enter-

prises. In particular, �rms that lack speci�c sustainability resources or expertise may

stay out of the SLL market, despite potentially having a greater need for new forms of

sustainability incentives. Therefore, a more inclusive approach to sustainable �nance

instruments may be needed � one that does not compromise on design rigor and allows

all market actors to contribute to addressing critical societal challenges.

II-71



Chapter III

Looking beyond ESG preferences: The role of

sustainable �nance literacy in sustainable investing

Co-authors:

Christina E. Bannier

Florian Gärtner

Relative share:

45%

This chapter is currently under revision after a `revise & resubmit'-decision by:

Journal of Economic Behavior & Organization

VHB-JOURQUAL3: A

An earlier version of this work was presented at:

ˆ Bonner Akademischer Sommer 2024, Stiftung für die Wissenschaft, Bonn, Ger-

many.

III-72



Looking beyond ESG preferences: The role of

sustainable �nance literacy in sustainable investing

Abstract

We assess how sustainable �nance literacy a�ects people's sustainable invest-

ment behavior, using a pre-registered experiment. We �nd that an increase

in sustainable �nance literacy leads to a 4 to 5% increase in the probability

of investing sustainably. This e�ect is moderated by sustainability prefer-

ences. In the absence of moderate sustainability preferences, any additional

increase in sustainable �nance literacy is at minimum irrelevant, and we

�nd some weak evidence that it might even reduce sustainable investments.

Our �ndings underscore the role of knowledge in shaping sustainable invest-

ment decisions, highlighting the importance of factors beyond sustainability

preferences.
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III.1 Introduction

The number of sustainable investment products, i.e., products considering environmen-

tal, social and governance (ESG) factors in portfolio selection and management, has

risen substantially in recent years (GSIA, 2021).1 However, according to a study by the

German Institute for Retirement Provision, there exists �widespread uncertainty about

how retail investors understand and evaluate sustainable investments and how these

a�ect their investment decisions in detail� (DIA, 2020).

While retail investors often express a clear preference for sustainable choices, sus-

tainable �nance products currently account for only a small portion of their portfolios

(DIA, 2020). In surveys, investors frequently cite a lack of product transparency and in-

su�cient knowledge as barriers to sustainable investing (DIA, 2020; Dumas and Louche,

2015; Friede et al., 2015; Gutsche and Zwergel, 2020; Phillips and Johnson, 2019). In

fact, retail investors wanting to invest sustainably are often faced with complex and

at times intransparent information. As a result, making sustainable investment deci-

sions typically involves additional layers of information complexity that prevent these

investors from being able to align their investment choices with their stated sustain-

ability preferences (Filippini et al., 2024b; Paetzold and Busch, 2014; Anderson and

Robinson, 2021).

Financial decisions in general are largely in�uenced by speci�c knowledge and ex-

perience (Lusardi and Mitchell, 2014). Consequently, it is reasonable to infer that

sustainable �nancial decisions require not only �nancial knowledge, but also a solid un-

derstanding of the sustainability criteria applied to corresponding �nancial products.

For example, a person who has a comprehensive understanding of ESG is more likely to

respond to ESG information and make investment decisions based on such information

than someone who has never heard of the acronym. Following Filippini et al. (2024b),

we refer to this concept as �sustainable �nance literacy�, which these authors de�ne as

the �knowledge of regulations, norms, and standards about �nancial products that have

1In this paper, the terms �sustainable investments�, �sustainable funds�, �sustainable �nancial prod-
ucts�, �ESG funds�, �ESG �nancial products� etc. are all used synonymously. In addition, we use terms
such as �sustainable investing�, �ESG investing�, �sustainable investment decisions� and �sustainable
investment behavior� synonymously.
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sustainable characteristics�. In this paper, we explore the e�ects of sustainable �nance

literacy on sustainable investing. Motivated by the importance of preferences for in-

vestment decisions (Bauer et al., 2021; Brodback et al., 2019; Hong and Kostovetsky,

2012; Riedl and Smeets, 2017a; von Wallis and Klein, 2014), we also examine the rela-

tionship between sustainability preferences and sustainable �nance literacy, and their

role in shaping sustainable investment behavior.

To investigate the causal e�ect of sustainable �nance literacy on ESG investing,

we run a pre-registered experiment with a large sample of German participants. We

randomly assign our participants either to a treatment group, which receives a brochure

with simple information on key aspects of sustainable investing, or to a control group,

which does not receive any information. The information in the brochure focuses on

three key dimensions: ESG criteria, sustainable investment strategies, and regulation

of sustainable investments in the European Union (EU), and is thus consistent with

Filippini et al. (2024b)'s de�nition of sustainable �nance literacy.

In the context of our experiment, participants in both treatments, i.e., the brochure

treatment and the control treatment, have to make four investment decisions. For each

round of investment decision, they have to choose one out of three funds from a given se-

lection of sustainable and conventional funds. Investment decisions are incentivized by

a bonus mechanism that leads to potential real payo�s for the participants. The funds

to choose from are actual �nancial products. We present these funds using the web

interface of a large direct bank o�ering retail banking products and services.2 In addi-

tion to a variety of �nancial information, this web interface also provides sustainability

information for each fund. Finally, we include several questions aimed at measuring

not only sustainable �nance literacy, but also other important factors in�uencing sus-

tainable investment decisions, including �nancial literacy, economic and sustainability

preferences, environmental literacy, and perceived impact (Lusardi and Mitchell, 2014;

Falk et al., 2023; Anderson and Robinson, 2021; Heeb et al., 2022).

German retail investors are particularly well-suited to study the e�ects of sustainable

�nance literacy on investment decisions as they are directly impacted by the Sustainable

2We use the interface of ING-DiBa AG, which is part of the Dutch ING Group.
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Finance Disclosure Regulation (SFDR). This regulation, which applies to all �nancial

�rms that market their �nancial products in the European Union (EU), classi�es �nan-

cial products such as mutual funds and exchange-traded funds (ETFs) according to the

extent to which ESG objectives are pursued and promoted. This categorization is re-

viewed and enforced by the German Federal Financial Supervisory Authority (BaFin).

One key objective of this regulation is to increase transparency of sustainable invest-

ment products and provide investors with additional ESG-related information. In our

experiment, this regulation allows us to veri�ably di�erentiate between conventional

and ESG funds, which is necessary for the construction of our dependent variables.

Our analysis delivers the following key �ndings: First, we provide evidence that

sustainable �nance literacy plays a key role in shaping investment choices. Providing

some basic information about ESG criteria and portfolio selection strategies can have a

substantial e�ect on individuals' knowledge of sustainable products and, consequently,

on their probability of engaging in such investments. As a starting point, we analyze the

e�ect of our brochure treatment using three di�erent model classes (simple, medium,

complex), which incorporate di�erent sets of control variables. We �nd that the total

e�ect of the treatment is an increase in the probability of choosing a sustainable fund of

around 9%. We examine this result further using a causal mediation analysis and argue

that 4 to 5% of this increase can be directly attributed to an increase in sustainable

�nance literacy. Similarly, we �nd that the brochure treatment increases the share of

participants who claim to use ESG criteria in their investment decisions, for which

around 12-14% can be directly attributed to an increase in sustainable �nance literacy.

Second, we investigate the relationship between sustainability preferences and sus-

tainable �nancial literacy and how both in�uence sustainable investment behavior. We

show that sustainable �nancial literacy must be coupled with at least a moderate level

of sustainability-oriented preferences to positively in�uence ESG investments. In the

absence of moderate sustainability preferences, any additional increase in sustainable

�nance literacy is at minimum irrelevant, and we �nd some weak evidence that it might

even reduce sustainable investments.

Finally, we show that for the participants who choose sustainable over conventional
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funds, an increase in sustainable �nance knowledge increases the probability of invest-

ing in the more sustainable fund out of two ESG funds. In particular, we �nd that

participants who possess the required knowledge to distinguish �dark green� (SFDR

Article 9) funds from �light green� (SFDR Article 8) funds have an around 12% in-

creased probability to choose the dark green over the light green fund. This increase

is again moderated by the level of ESG preferences. In other words, without at least

a moderate level of sustainability preferences, sustainable investment behavior is not

in�uenced by knowledge.

We take several measures to ensure the robustness of our �ndings. During the

experiment, we control for the possibility of an experimenter demand e�ect (EDE).

EDE refers to a phenomenon in experiments in which the subjects form beliefs about

the experimental objectives and adapt their actions in the direction most congruent

to such objectives (Zizzo, 2009). Therefore, we divide the treatment group into two

di�erent random subgroups: �High EDE� and �Low EDE�. Each subgroup gets to read

di�erent statements about our expectations with regard to their investment behavior,

i.e., �we expect that participants in the experiment who read these instructions will be

less (more) likely to invest in sustainable funds than they normally would� (de Quidt

et al., 2018). In contrast, the control group does not get any particular statement.

We run several tests and provide evidence that our results are not driven by an EDE.

Furthermore, we perform a battery of robustness checks and show that our baseline

results are robust to alternative model speci�cations.

Our paper complements the nascent literature on sustainable �nance literacy. So

far, only one recent study by Filippini et al. (2024b) has investigated the relationship

between sustainable �nance literacy and �nancial decisions. Using survey data from

Switzerland, their analysis shows that sustainable �nance literacy is relatively rare, but

it nevertheless has an important in�uence on whether people own sustainable �nance

products. We build on this study in three di�erent ways: First, we conduct an experi-

ment in which participants not only indicate whether they own sustainable assets, but

also have to make active investment decisions from a given selection of conventional and

sustainable funds. Second, we are the �rst to provide causal evidence for the e�ect of
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sustainable �nance literacy on investment behavior by exogenously increasing the level

of sustainable �nance literacy of one group of participants (treatment) relative to an-

other group (control). Third, we extend the set of questions proposed by Filippini et al.

(2024b) to measure sustainable �nance literacy by formulating nine questions focusing

on general (ESG criteria, sustainable investment strategies) and local (EU regulation)

issues.

Our study also contributes to the growing stream of literature on the determinants of

sustainable investing. Previous studies show that investors value sustainability and re-

spond to corresponding information when making investment decisions (Hartzmark and

Sussman, 2019; Ceccarelli et al., 2019). Several studies focus on institutional investors

(e.g., pension funds) and discuss how such investors should align their investment prac-

tices with their clients' preferences (Bauer et al., 2021). However, the �ndings of such

studies are not directly applicable to retail investors, who form a distinct subset of

non-professional investors with distinct characteristics, motivations, and constraints.

Among prior studies that take the viewpoint of retail investors, Anderson and Robin-

son (2021) analyze Swedish households and �nd that households with stronger pro-

environmental values do not necessarily hold greener portfolios. Briere and Ramelli

(2021) observe that the o�ering of responsible investment options increases the propen-

sity of left-wing and pro-social individual investors to invest in equity products due to a

better alignment with their own personal values. Finally, Heeb et al. (2022) investigate

the investment behavior of experienced private investors. They �nd that investors are

willing to pay for sustainable investments, but that this willingness does not increase

with the additional impact generated by such investments. Except for the aforemen-

tioned study by Filippini et al. (2024b), these studies do not include an indicator of

the knowledge of retail investors about sustainable �nance products as an explanatory

variable. Yet, as our results show, knowledge about sustainable �nancial products has

a causal impact on �nancial decisions.

Another contribution of our paper is to provide and complement a comprehensive set

of survey questions gathered from the existing literature on the determinants of ESG

investments. Appendix D provides an overview of these questions and shows which
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thematic modules we complement. While several studies have examined di�erent de-

terminants of socially responsible investments (SRI) individually, our work attempts to

systematically analyze all of these dimensions in the context of one single experiment.

This allows us to truly narrow down the speci�c e�ect that sustainable �nance literacy

plays in this context. More precisely, our study contains questions on risk, trust and

time preferences developed by Falk et al. (2023), on �nancial literacy by Lusardi and

Mitchell (2014), on �nancial experience by Gutsche and Zwergel (2020) and Anderson

and Robinson (2021), on sustainable �nance literacy by Filippini et al. (2024b), on

perceived impact by Heeb et al. (2022), on �nancial expectations with respect to ESG

�nancial products by Riedl and Smeets (2017a) and Bauer et al. (2021), and on en-

vironmental literacy by Anderson and Robinson (2021), Geiger and Holzhauer (2020),

and Zwickle and Jones (2018). All these factors provide complementary information

and together contribute to a comprehensive understanding of sustainable investment

decisions.

A �nal contribution is our proposed design of choice environment, which conveys a

high degree of external validity to our experiment. There are some experiments studying

sustainable investments in the laboratory (e.g., Barreda-Tarrazona et al., 2011; Bassen

et al., 2018; Gutsche and Ziegler, 2019; Heeb et al., 2022), but these studies usually

employ imaginary funds using stylized �nancial and sustainable features, which are

designed for the purpose of the study. In contrast, our participants decide between

funds that actually exist. We use screenshots of a real web interface of a large direct

bank, and each fund conveys the information exactly as it is presented in the �eld.

We also link bonus payments to the actual performance of these funds, including a

time window of approximately half a year between the investment decision and the

disbursement. While other experiments in prior literature have some of these features,

to the best of our knowledge, our study is the only one that incorporates all of them.

Thus, it simulates the actual decision with one of the highest degrees of credibility yet

achieved in a laboratory or online experiment.

A key implication of our �ndings is that fostering sustainable choices and a �green�

transformation goes beyond merely understanding investors' ESG preferences. In re-
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cent years, regulatory authorities have actively sought to channel capital �ows towards

green assets, for example by increasing disclosure and transparency of investment funds'

ESG strategies. Such initiatives have been shown to have an impact on institutional in-

vestors (see e.g., Scherer and Hasaj, 2023). However, when considering retail investors,

the success of such initiatives is dependent on investors' capacity to not only under-

stand their preferences, but also actively translate these preferences into appropriate

investment decisions, an aspect that cannot be assumed as a given. In terms of practi-

cal implications, our paper therefore highlights the need for educational initiatives and

information campaigns on sustainable investments.

Understanding what kind of knowledge and preferences lead individuals to invest

in certain ways is important not only to academics but also to investment profession-

als who invest on behalf of individuals. This is particularly true in the EU, where

the revised Markets in Financial Instruments Directive (MiFID) II now mandates in-

vestment professionals to gather information about clients' sustainability preferences

and integrate such preferences into the investment process. It is therefore becoming

increasingly important for institutional investors to understand the sustainability pref-

erences of their clients. At the same time, such sustainability preferences are likely to

be in�uenced by these clients' knowledge and understanding of sustainable investment

products, highlighting the importance of understanding the linkages between sustain-

able �nance literacy, sustainability preferences and investment behavior among retail

investors.

The rest of this paper is organized as follows. Section 2 presents the theoretical

background of our paper. Section 3 describes the study design and provides descriptive

statistics. Section 4 presents the empirical results. Section 5 discusses the limitations

and implications of our paper, and Section 6 concludes.

III.2 Literature background and brochure development

Sustainable investing is an investment approach that considers environmental, social

and governance (ESG) criteria in portfolio selection and management (GSIA, 2021).
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Much of the recent literature explains the demand for sustainable investing as taste-

based. Several theoretical models incorporate types of agents who derive utility from

investing sustainably (Pástor et al., 2021; Pedersen et al., 2021; Oehmke and Opp, 2020),

and a large body of empirical literature �nds evidence for this family of explanations

(e.g., Riedl and Smeets, 2017a; Hartzmark and Sussman, 2019; Barber et al., 2021;

Bauer et al., 2021; Bo�nger et al., 2022; Heeb et al., 2022). However, this literature

usually focuses on establishing a link between preferences and demand, while rarely

investigating how this link is mediated, or under which conditions this relationship

holds. In particular, while the number of sustainable investment products has grown

rapidly in recent years, the literature on whether and how such products are understood

and perceived by retail investors remains limited. Compared to institutional investors,

retail investors often have fewer resources and less expertise at their disposal. Therefore,

it is crucial to shed light on how retail investors engage with such products, given their

inherent complexity.

There is little literature that investigates the role of literacy in the context of sustain-

able investments, which seems surprising given the important role of �nancial literacy

in �nancial decision-making as a whole (Lusardi and Mitchell, 2014). Aristei and Gallo

(2021) and Bethlendi et al. (2022) investigate the in�uence of �nancial literacy on sus-

tainable investing and �nd a positive relationship. Bethlendi et al. (2022) �nd a similar

result for green, or environmental, literacy. In contrast, Anderson and Robinson (2021)

and Filippini et al. (2024b) do not �nd any in�uence of environmental or sustainability

literacy.

However, from a theoretical point of view, it is not quite clear why �nancial literacy

or environmental literacy, i.e., knowledge about concepts such as in�ation, compound

interest, the in�uence of carbon dioxide on the earth's climate, or the natural habitat

of polar bears (see Anderson and Robinson (2021)), should in�uence the tendency to

invest sustainably, other than via a correlation with some other aspects of sustainable

investing, such as preferences or speci�c knowledge. This is why Filippini et al. (2024b)

develop the concept of sustainable �nance literacy, which is tailored to this speci�c

knowledge, and de�ned as the �knowledge of regulations, norms, and standards about
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�nancial products that have sustainable characteristics.� The authors �nd that this

special knowledge, while in general not widespread among individuals, nonetheless pre-

dicts the probability of sustainable investing in an observational study in Switzerland.

To measure sustainable �nance literacy, the authors develop a set of eight questions

that cover several topics, including the de�nition of ESG, rules and certi�cations of

ESG products, the di�erence between sustainability characteristics and ecology, and

the di�erence between sustainable investing and impact investing.3

Our paper aims to provide evidence that there is a causal relationship between

sustainable �nance literacy and investment behavior. To this end, and in contrast

to Filippini et al. (2024b), we use an experiment. Our treatment consists of a short

educational brochure with key information for retail investors based on the de�nition

developed by Filippini et al. (2024b). Speci�cally, the brochure is organized around

three central dimensions: (1) the de�nition and components of ESG criteria, (2) the

various investment strategies incorporating these criteria, and (3) the EU regulation

governing such investments. A copy of the brochure can be found in Appendix E.4

The terminology and several examples cited in the brochure follow a book written by

the Stiftung Warentest, a foundation originally established by the German Bundestag

with the aim of giving guidance to consumers by providing impartial and objective

information (Mulke, 2023).

Following Filippini et al. (2024b)'s de�nition, which emphasizes the importance

of norms and standards, the �rst part of our brochure explains the acronym �ESG�

and addresses the speci�c components that fall under each of the three pillars, which

together contribute to the assessment of the sustainability �pro�le� of a company or

stock. The second part of our brochure highlights how such ESG criteria are applied in

various investment strategies. Examples of these strategies include �negative screens,�

which deliberately avoid investing in certain stocks that do not meet pre-de�ned criteria.

Moreover, the brochure elaborates on alternative strategies such as the �best-in-class�

3As their study focuses on Swiss investors, several of their questions are framed to �t the Swiss
context.

4Please note that the brochure in the Appendix is an English translation. The original document
used in the experiment was in German.

III-82



CHAPTER III. AUZEPY ET AL. (B)

screening. Unlike negative screening, this approach seeks to invest in companies that are

industry leaders in sustainability, irrespective of whether the industry itself is inherently

�green� (Gutsche and Ziegler, 2019). Consequently, the second part of the brochure also

helps explain why some investment portfolios classi�ed as sustainable may still include

stocks of companies in industries that are not necessarily inherently environmentally-

friendly. This is important because a lack of knowledge about the investment strategies

underlying sustainable investments often leads to misconceptions about stock selection

in these portfolios.

The third part of the brochure is dedicated to the regulation of such investment

products in the EU. As highlighted by Filippini et al. (2024b)'s de�nition of sustainable

�nance literacy, an understanding of regulations is crucial in the context of sustainable

investing. This is particularly the case in the EU where the SFDR, which took e�ect

in 2021, imposes a set of mandatory disclosure requirements on asset managers and

other �nancial market participants.5 An important aspect of this regulation is the

classi�cation of investment products according to three di�erent categories: Article 6,

Article 8 and Article 9 �nancial products (European Parliament and Council of the

European Union, 2019). Each of these three categories comes with its own disclosure

requirements, resulting in more ESG-related information for retail investors.

Article 6 funds do not have sustainable investment as their objective. Neverthe-

less, the incorporation of sustainability risks into investment decision-making and the

impact of sustainability risks on the fund's returns must be described in the fund's

pre-contractual disclosures (European Parliament and Council of the European Union,

2019). When a fund manager does not consider sustainability risks in the decision-

making process, the disclosure should explain why, under the principle of �comply or

explain�. In contrast, Article 8 products (also referred to as �light green� funds) pro-

mote investments with environmental or social characteristics, or a combination of those

characteristics, provided that the companies in which the investments are made follow

good governance practices (European Parliament and Council of the European Union,

5This regulation also applies to all US �nancial �rms that market their �nancial products in the
EU. Thus, US companies that sell to EU-based clients or are domiciled in the EU must also adhere to
SFDR requirements for each fund.
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2019). While sustainable investment is not the primary objective of Article 8 prod-

ucts, it remains an aspect of the investment process. Finally, Article 9 products (also

referred to as �dark green� funds) have a sustainable investment as their objective. In

this context, a sustainable investment means an investment in an economic activity that

contributes to an environmental objective, as measured, for example, by key resource

e�ciency indicators and greenhouse gas emissions, or an investment in an economic

activity that contributes to a social objective, such as tackling inequality (European

Parliament and Council of the European Union, 2019). Such products must also com-

ply with the �do no signi�cant harm� principle by demonstrating that they do not in

any way signi�cantly harm any other important sustainability objectives. Furthermore,

the investee companies also have to follow good governance practices with respect to

management structures, employee relations, remuneration and tax compliance.

Taken together, the SFDR regulation results overall in an increase in ESG informa-

tion available to retail investors, especially regarding the characteristics and strategies

applied by these �nancial products.

In addition to our brochure, we create nine survey questions that aim to test and

measure sustainable �nance literacy. We divide these questions into two distinct cat-

egories, which we refer to as �global� and �local�. Within the �global� category, we

include �ve questions related to ESG considerations, as well as investment strategies

that hold relevance across the globe. For instance, the incorporation of ESG criteria

and the application of positive or negative screens for sustainable investments are prac-

tices embraced by investment �rms worldwide, and are therefore not limited to only

the EU. However, since regulations and norms about �nancial products di�er between

regulatory contexts, we argue, in line with Filippini et al. (2024b) that sustainable �-

nance literacy cannot be measured by relying only on questions that measure aspects

that are identical across jurisdictions. Thus, we add questions centered around the

regulatory context of the EU's SFDR. Speci�cally, we include in the �local� category

four questions on issues related to the SFDR's Articles 6, 8 and 9, which are speci�c to

the EU context.

We hypothesize that increasing sustainable �nance literacy has two e�ects: First, we
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expect that increasing sustainable �nance literacy increases the probability of investing

sustainably (H1), as such knowledge allows to translate sustainable preferences into

action. Second, based on the aforementioned literature on ESG preferences (Riedl and

Smeets, 2017a; Hartzmark and Sussman, 2019; Barber et al., 2021; Bauer et al., 2021;

Bo�nger et al., 2022; Heeb et al., 2022), we only expect this e�ect if combined with a

su�ciently high level of sustainable preferences (H2). If participants do not have any

sustainable preferences, the family of preference explanations for sustainable investing

predicts no e�ect of sustainable �nance literacy.

III.3 Study design

III.3.1 Brochure treatment and experimenter demand e�ect

We address the question of the relationship between sustainable �nance literacy and

investment behavior using a preregistered experimental procedure.6 The experiment

was conducted in June 2023 with a sample of 1,000 participants recruited from the

Proli�c platform. To ensure the relevance and contextual validity of the results, the

experiment was carried out speci�cally in German and targeted German residents within

the Proli�c platform. 7

The treatment in our experimental setting is a brochure containing information on

ESG criteria, sustainable investment strategies and the SFDR regulation. Participants

are randomly assigned to either the treatment group, which gets to read this brochure,

or the control group, which does not get to see the brochure. To ensure that the

treatment group actually reads the brochure, the participants are required to remain

on the appropriate page for at least three minutes before moving on to the next page of

the experiment. The actual average time spent reading the brochure was 328 seconds,

i.e., approximately 5.5 minutes. Our experimental procedure is displayed in Figure III.1.

To increase the internal validity of our experiment, we control for the possibility of

6The experiment was preregistered with the American Economic Association (AEA). For preregis-
tration details, see Auzepy et al. (2023), https://doi.org/10.1257/rct.11325-2.0.

7For a discussion of Proli�c, see Palan and Schitter (2018); for an empirical investigation of the
data quality on Proli�c, see Douglas et al. (2023).

III-85



CHAPTER III. AUZEPY ET AL. (B)

Figure III.1: Experimental procedure.

Remark: This �gure provides an illustration of the various steps of the experimental procedure we use in
our experiment. Participants are randomly assigned either to the treatment group with the brochure or
the control group without the brochure. The experiment contains four rounds of investment decisions.
In each round, participants have to choose one of three funds and indicate which criteria were relevant
to their investment decision. We test for the presence of an experiment demand e�ect (EDE).

experimenter demand e�ects (EDE) and socially desirable responses in several ways.

An experimenter demand e�ect refers to a phenomenon in experimental research in

which survey participants unintentionally modify their behavior or responses based on

cues and expectations they perceive from the experimenter or the experimental setting

(Zizzo, 2009). To account for the possibility that participants may change their behavior

to conform to what they believe we expect in the study, we divide our treatment group

into three subgroups. This is represented by the black triangle in Figure III.1.

The �rst pool is presented with a short introductory text prior to the investment

decisions. The text reads as follows: �We expect that participants in the experiment

who read these instructions will be less likely to invest in sustainable funds than they

normally would.� We refer to this subsample as the �Low EDE� treatment. The second

pool receives the following sentence: �We expect that participants in the experiment

who read these instructions will be more likely to invest in sustainable funds than they

normally would.� We call this subsample the �High EDE treatment�. Finally, the last

pool did not get to read any of these sentences.

By communicating these expectations, we aim to induce experimenter demand ef-

fects8. We test the presence of an EDE in several model speci�cations and robustness

checks. In addition, we perform a mediation analysis, as described in Section III.4.2,

in order to isolate the e�ects of a change in sustainable �nance literacy from other

8This procedure follows de Quidt et al. (2018). These instructions are not deceiving. In other
words, based on an experimenter demand argument, wetruly expect participants whom we tell to
invest more sustainably to actually invest more sustainably, and vice versa for the Low EDE group.
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potential e�ects induced by the brochure, such as experimenter demand e�ects. This

allows us to precisely disentangle the impact of the brochure on sustainable investment

behavior via the sustainable �nance literacy channel.

III.3.2 Investment decisions

Our experiment includes four rounds of investment decisions. In each round, the par-

ticipants have to choose one out of three di�erent funds or ETFs. These funds are

real funds from actual asset management companies commonly known to German re-

tail investors. Appendix E provides an overview of the di�erent funds used in our

experiment.

The information provided for each fund is taken directly from an online account

of ING, Germany's largest direct bank, and therefore re�ects the information that a

retail investor would typically access online. The details presented for each fund follow

a standard format and include the fund's provider, its name, a performance chart

showing the fund's performance over the past year, the issuing company, Morningstar's

risk rating, whether it distributes or reinvests gains, the currency used, the fund's size,

costs and ongoing charges, its major holdings, its exposure to di�erent countries and

industries. Additionally, the fund information includes the fund's SFDR article9 and

a textual description of the fund's investment strategy. Finally, participants have the

option to download the fund's full fact sheet.

Based on the information provided, in each round the participants have to choose

a single fund to invest 200 Euro. In the �rst three decisions, participants are given

a choice between two conventional investments and one sustainable investment o�ered

by the same asset management company per decision round (taken from the asset

management �rms of the three banking groups with large customer bases in Germany).

The funds are not explicitly labeled as sustainable or conventional, but with su�cient

knowledge, it is possible to infer this from the information provided (e.g., the fund's

name, the SFRD article, and the description of the investment strategy). In the �nal

9At the time of the experiment, out of the largest German online investing platforms, the ING
platform was one of the few that explicitly displayed the fund's SFDR article. This was another
reason why we chose this particular platform for our experiment.
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round, participants have the choice between two sustainable investment options (SFDR

Article 8 and Article 9) and one conventional investment option (SFDR Article 6).

To ensure that the sustainable investments are objectively more sustainable than the

conventional funds, we reviewed their Morningstar Sustainability Rating, Carbon Risk

Score, and share of fossil fuel companies prior to selecting them. Furthermore, we made

sure that the sustainable funds that we selected did not exhibit strikingly more favorable

risk-return pro�les or cost attributes compared to the conventional funds in order to

maintain fairly comparable sets of funds for each round of investment decisions.

We use these investment decisions as one of our dependent variables in several model

speci�cations, measuring the likelihood that participants choose sustainable over con-

ventional investments. A description of this dependent variable is provided in Ap-

pendix D.

After each investment round, participants are asked to indicate which of the dis-

played pieces of information about the funds played a role in their investment decision.

The participants can select speci�c aspects from a list of pre-de�ned criteria that we

provide, or write additional criteria in a text box. Our pre-de�ned list of criteria is

based on standard information available for all funds. For example, we ask the partici-

pants whether they considered the fund's provider, the fund's name, its risk and return

pro�le, past performance, size, top holdings, country exposure, industry exposure, and

costs. We also ask whether sustainability-related information played a role in their

decision. We use this information as a second dependent variable, which measures the

conscious part in the decision-making process. Speci�cally, we measure the number

of cases in which sustainability information was reported as one of the criteria for the

investment decision after each investment round.

III.3.3 Incentives

In the initial phase, participants receive comprehensive instructions about the experi-

ment, including information about their compensation. The compensation per partici-

pant is 4.50 pounds (about 5.20 euros). To increase data quality, compensation is only

paid if participants answer two attention questions correctly. These attention questions
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are easy to identify, and we have provided clear instructions on how to answer them.

If a participant answers both of these questions di�erently from the instructions, we

reject the submission.10

In order to increase the chances of measuring actual investment behavior, we follow

Heeb et al. (2022) as well as Bauer et al. (2022) and include a bonus payment, which

every participant is also informed about before making the �rst investment decision.

The bonus payment takes the form of a lottery. For 20 participants, we implement one

randomly selected investment choice each. After half a year, we pay out the value of

this investment to the selected participants. Since the payout is a�ected by both gains

and losses, this makes the investment decisions more realistic and increases the stakes

of the experiment.

The bonus calculation utilizes a simpli�ed net return, representing the raw return

earned by the fund minus the fund's ongoing costs for six months. For simplicity, other

cost factors, such as performance fees and sales charges, are disregarded. For instance,

if a selected fund achieved a 10.5% return by December 1, 2023, with ongoing expenses

of 0.5%, the net return is 10%, resulting in a bonus payment of 220 euros. Conversely,

in the case of a loss of 9.3% and running costs of 0.7%, the net return would be -10%,

leading to a 180 euro bonus. In our experiment, the maximum payout is capped at 300

euros. Additionally, a �oor is established, guaranteeing a minimum payout of 100 euros

even if the investment's value is lower on the cut-o� date.

III.3.4 Survey questions and control variables

To complete our dataset, we collect additional data on the survey participants. First, we

collect standard demographic data on age, gender, years of education, and household

income. Due to the linkages between political views and sustainability preferences

found in previous literature, we ask the participants for which party they would vote in

a hypothetical upcoming general election. Anderson and Robinson (2021) measure pro-

environmental attitudes using Green Party voting records. Briere and Ramelli (2021)

10This happened in only 5 cases. These participants do not count for our goal of 1,000 participants
and are excluded from each analysis.
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report that responsible stock funds provide incentives for left-leaning individuals to

increase their stock market participation given that such funds are more in line with

their personal values.

Second, we collect data on other variables that are also likely to in�uence investment

decisions. Speci�cally, we collect data on individual preferences, �nancial literacy, �nan-

cial experience, environmental literacy, sustainable �nance literacy, perceived impact,

and expectations regarding sustainable investment products. We made the deliberate

choice to rely on a large set of questions that have already been used and validated in

previous literature. All questions discussed in this section are grouped into thematic

modules summarized in Appendix D. In addition, this appendix also provides a detailed

description of each variable derived from these questions.

Regarding individual preferences, we focus on two types of preferences: economic

preferences related to risk, time, trust and altruism, and sustainability preferences.

We measure economic preferences using the experimentally validated survey module

introduced by Falk et al. (2023) and previously employed in related literature (e.g.,

Heeb et al., 2022). In total, we use �ve questions to determine how risk-averse the

participants are, how much they discount time by preferring present rewards to future

ones, and how willing they are to trust and share with others. Each of these questions is

on a 10-point scale. To further elicit intrinsic social preferences, the preference module

uses the responder behavior in an ultimatum game.

In order to measure sustainability preferences, we use questions that are political

in nature and involve implicit individual cost-bene�t trade-o�s. To this end, we select

seven statements from the so-called Wahl-O-Mat, a publicly accessible online tool of the

German Federal Agency for Civic Education (�Bundeszentrale für politische Bildung�)

that contains political statements from various political parties and is intended to help

citizens understand how political parties align with their own preferences on various

issues. We select a set of statements intended to measure environmental and social

preferences in a German context. Participants can indicate how much they agree on a

5-point scale with statements about climate neutrality, the planned phase-out of coal-

�red power generation, combustion engines, subsidies for organic farming, expansion of
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rail transportation, mandatory photovoltaic systems for new housing, and an increase

in the minimum wage. Since the answers are not labeled with numbers, we code them

as ranging from 0 to 4 for convenience. From these seven questions, we calculate the

average and refer to this variable as the �ESG Pref Score�.

To assess the �nancial literacy of the participants, we use the standard test devel-

oped by Lusardi and Mitchell (2014). Speci�cally, we employ their three core questions

(often referred to as the �Big-3�), which assess the knowledge of interest rates, in�ation,

and portfolio diversi�cation. Each question can be answered correctly or incorrectly.

Following the literature (e.g., Filippini et al., 2024b), we construct a �nancial literacy

indicator by summing the correct answers given by the participants to each of the three

questions. In addition, we ask them about their agreement with the statement devel-

oped by Riedl and Smeets (2017a), �I often talk with other people about investments�

to measure signaling e�ects. Furthermore, we try to capture the extent to which partic-

ipants are �nancially active by measuring self-assessed investment experience. We also

ask whether they make �nancial decisions for themselves or whether someone else does

(Gutsche and Zwergel, 2020). Finally, to measure �nancial self-monitoring, we collect

information on how often participants check their investment portfolio and in which

�nancial products (e.g., stocks, savings accounts) they are or were invested (Anderson

and Robinson, 2021; Gutsche and Zwergel, 2020).

As shown by Anderson and Robinson (2021) and Filippini et al. (2024b), it is also

important to account for the environmental literacy of the participants, as it di�ers

from both sustainability preferences and �nancial literacy. Thus, we ask �ve questions

designed to capture households' knowledge about climate change and the environmen-

tal costs of di�erent consumption choices. To this end, we begin with a question on

the de�nition of sustainable development and sustainable forestry, which was devel-

oped by Zwickle and Jones (2018) and adopted by Filippini et al. (2024b). We also

add a question on energy use related to heating or cooling homes, proposed by Ander-

son and Robinson (2021). Finally, we add questions about carbon footprints (Geiger

and Holzhauer, 2020) and the rise in global temperatures. Each question has several

answers, out of which only one is right. We sum up the number of correct answers.
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An important alternative mechanism through which the brochure might alter partic-

ipants' investment choices is attention. We see two major reasons: First, the brochure

could trigger mental associations related to ESG, including prior knowledge, attitudes

or expectations. Thus, it is possible that the brochure induces a so-called �priming�

e�ect, i.e., it could simply increase the level of attention paid to ESG criteria among

participants in the treatment group, without a similar priming e�ect in the control

group. Consequently, this increased attention to ESG might increase the importance

of ESG criteria for the investment decision, in a way that is not directly caused by

an increased sustainable �nance literacy. Second, a similar argument could be made

for the Experimenter Demand E�ect, where the mere display of the brochure could be

indicative of our research hypothesis, motivating participants in the treatment group

to invest more sustainably, while the control group has no additional motivation to

do so. While we control for the EDE using the experimental design, we measure the

importance channel using three di�erent questions about how important environmen-

tal, social and governance aspects are, on a scale from 1 (Not important) to 5 (Very

important).

We follow Riedl and Smeets (2017a) and elicit return expectations and risk percep-

tions regarding sustainable investment products compared to conventional investment

products. We ask the participants how they assess the returns of sustainable invest-

ments compared to conventional investments on a scale that ranges from �much lower�

and �somewhat lower�, to �same�, �somewhat higher� and �much higher�. We then ask

the same question about the risk of sustainable investments compared to conventional

investments.

In addition to risk and return expectations, we account for the perceived impact

of certain investment decisions. As shown in previous literature (Heeb et al., 2022),

positive emotions derived from choosing sustainable investments are also an important

driver of sustainable investing. To capture the extent to which participants perceive

their investments as making a meaningful contribution to addressing societal challenges,

we ask them after each of the four investment decisions to rate their investment in terms

of perceived impact on a scale from 0 (�no contribution�) to 5 (�very positive contribu-
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tion�). In a separate question, we ask the participants which of the following dimensions

are important to them, in general, when investing: returns, risk, environment, social,

and governance. The participants can provide a response ranging from �not important�

to �very important� for each dimension.

Finally, we take into account the perceived skepticism towards sustainable invest-

ments and ask the participants whether they think that �sustainable �nancial products

are just greenwashing�. Respondents can give an answer ranging from �strongly dis-

agree� to �strongly agree�.

Tables III.1, III.2 and III.3 present descriptive statistics for our sample, categorized

by measurement scale (nominal plus ordinal; metric plus Likert� 10 scale points; and

Likert = 5 scale points, respectively). In this section, we discuss the key descriptive

statistics extracted from these three tables.
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Table III.1: Demographic breakdown.

Gender Total N = 995

Female 378
Male 601
Non-binary 16

Frequency Portfolio Checks Total N = 999

Weekly 431
Monthly 221
Several times per year, but less frequently than monthly 97
Once a year 11
More rarely 21
Never 5
Only when I create an investment account, or change it 9
I don't have a investment account 204

Financial Decision Maker Total N = 998

I do not decide but someone else does (e.g., partner, parents) 60
I decide together with my partner 314

Monthly Net Income Total N = 943

Less than 500e 43
500e to less than 1000e 115
1000e to less than 2000e 154
2000e to less than 3000e 212
3000e to less than 4000e 153
4000e to less than 5000e 119
5000e to less than 6000e 65
6000e to less than 7000e 48
7000e or more 34

Party Preference Total N = 950

CDU/CSU 60
SPD 123
Green Party 307
FDP 116
The Left 98
AfD 26
Other Party 100
Would not vote 57
I am not eligible to vote because I do not have German citizenship 63

Remark: This table reports the demographics and sample proportions of several key survey questions.
The total sample consists of 1000 survey participants. TotalN contains all responses minus refused
responses.
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Table III.2: Summary statistics.

Variable N Min Max Median Mean Std. Dev.

Financial Literacy 998 0 3 3.00 2.67 0.63
Environmental Literacy 996 0 5 3.00 3.30 0.89
Perceived Impact 989 0 5 2.75 2.68 1.01
ESG Pref Score 993 0 4 3.00 2.91 0.72
Questionnaire Time (in sec.) 1000 251 4857 1247 1358 587
Data Usable 996 2 10 10.00 9.49 1.09
Age 988 18 72 28.00 29.86 8.44
Years of Education 996 8 23 16.00 14.70 2.97
Risk Preference 999 0 10 5.00 4.94 2.19
Time Preference 998 0 10 7.00 6.94 1.96
Trust 999 0 10 5.00 4.83 2.43
Social Preferences 997 0 10 7.00 6.58 2.03
Social Preferences, costly 998 0 10 6.00 5.70 2.24
Minimal Acceptance in UG 997 0 100 50.00 41.33 15.10
Financial Experience 1000 1 22 6.00 9.32 6.64

Remark: This table reports the summary statistics for metric variables, aggregated indices, and Likert
scales with � 10 scale points. The total sample consists of 1000 survey participants. TotalN contains
all responses minus refused responses.
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Table III.3: Answers for Likert scales.

Variable Total N Much lower Somewhat
lower

Same Somewhat
higher

Much higher I don't know

Expected return 996 37 529 238 141 24 27
Expected risk 997 24 191 386 324 51 21

Variable Total N Strongly
disagree

Rather
disagree

Neither
agree nor
disagree

Rather agree strongly
agree

Greenwashing 999 72 303 410 177 37
Talks often about inv. 999 192 339 235 190 43

Variable Total N Not
important

Slightly
important

Moderately
important

Important Very
important

Importance returns 998 10 31 148 441 368
Importance risk 982 1 67 221 420 273
Importance E 982 94 224 301 279 94
Importance S 969 95 199 302 278 95
Importance G 997 63 189 298 299 148

Remark: This table reports the number of answers for Likert scales with 5 scale points. The total sample consists of 1000 survey participants. Total
N contains all responses minus refused responses.
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III.3.5 Sample and descriptive statistics

Out of the survey participants who indicated their gender, 601 individuals identify as

male, 378 as female, and 16 as non-binary. The median age of the respondents is

28 years, and their education level is 16 years, which is slightly higher than a high

school diploma but lower than a fully completed bachelor's degree. As the experiment

replicates investment decisions made online, using screenshots from a web interface of

a large direct bank, our sample aligns with a younger demographic that is more likely

to favor digital investment options over traditional banking advice.

The �Frequency Portfolio Checks� variable in Table III.1 indicates that the indi-

viduals in our sample exhibit a diverse range of �nancial monitoring behaviors. The

majority of respondents engage in weekly portfolio checks (431), indicating a frequent

and active interest in their �nancial situation. This is also in line with the �Talks of-

ten about Investments� variable in Table III.3, where 339 respondents selected �rather

agree�, indicating an inclination towards engaging in frequent discussions on the topic.

A substantial number prefer monthly checks (221), re�ecting a somewhat less intensive

approach. In contrast, a smaller portion of respondents opt for more infrequent checks,

with 97 individuals doing so several times per year but less frequently than monthly,

and only 11 respondents checking once a year. Moreover, a minimal number never en-

gages in portfolio checks (5), and 204 respondents mentioned not having an investment

portfolio.

The majority of respondents (624) make �nancial decisions independently (�Finan-

cial Decision Maker�) or in conjunction with their partner (314). On the other hand, 60

respondents do not make �nancial decisions themselves but delegate this responsibility

to someone else. The �Monthly Net Income� variable reports the income distribution

among the respondents. Notably, the largest group of respondents falls into the income

category of 2000e to less than 3000e , comprising 212 individuals. In addition, the

second largest group of respondents belongs to the adjacent income groups, with 154

individuals earning between 1000e and less than 2000e per month, and 153 individuals

earning between 3000e to less than 4000e . Lastly, the �Party Preference� variable pro-

vides insights into the political preferences of the respondents and the political diversity
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within the surveyed population. The data reveals a range of political a�liations, with

the Green Party being the most popular choice (307), followed by the SPD (123), FDP

(116), and The Left (98). Smaller numbers of respondents align with CDU/CSU (60),

AfD (26), or other parties (100).

Table III.2 shows that our participants are relatively young (mean and median age

both below 30) and well educated � 14.7 years of education on average implies college

level. The �nancial literacy is relatively high as well, while the environmental literacy

is about medium level. Ex-post it might have been a better decision to include more

�nancial literacy questions, to capture more variance. The participants have relatively

high ESG preferences, and have experience with 6 (median) to around 9 (mean) di�erent

investment classes.

Table III.3 presents the summary statistics for several control variables with a Likert

scale of �ve points. The table presents responses related to �Return expectations� and

�Risk expectations� of ESG �nancial products as compared to conventional products. In

the case of return expectations, the majority of participants (529) rated it as �somewhat

lower�, followed by 238 respondents who felt the returns were �the same�. On the other

hand, for risk expectations, a substantial portion (386) indicated that the risk was �the

same�, while 324 participants felt it was �somewhat higher�. Regarding greenwashing

behind ESG �nancial products, a notable number (410) chose the �neither agree nor

disagree� option, while 303 respondents �rather disagreed� indicating that a majority

of respondents do not necessarily associate ESG products with greenwashing.

Additionally, the table highlights respondents' perceptions of the importance of

various factors, including returns, risk and ESG considerations when making investment

decisions. Notably, for �Importance of Returns,� a majority found it �important� (441)

or even �very important� (368), indicating a strong emphasis on �nancial returns. In

contrast, the �Importance of Risk� is somewhat weaker, with 420 participants saying risk

is rather �important� and 273 participants considering it a �very important� dimension.

Interestingly, participants exhibited a more diverse range of opinions when assessing

the importance of environmental, social, and governance factors. While 279 individu-

als indicated that environmental factors were �important�, 301 considered them to be

III-98



CHAPTER III. AUZEPY ET AL. (B)

�moderately important�, and 224 respondents felt they were only �slightly important�.

A similar pattern emerges with regard to the importance of social factors. Of the 969

respondents, 278 individuals rated social factors as �important�, 302 considered them

�moderately important� and 199 respondents found social factors to be only �slightly

important�. The importance of governance factors also drew varied responses. In-

terestingly, a large number of respondents (148) regarded governance factors as �very

important�. Relatively speaking, more respondents seemed to rate governance factors

as �very important� compared to environmental and social factors. Furthermore, 299

participants rated governance factors as �important� and 298 as �moderately important�.

III.4 Empirical speci�cation and results

The analysis is structured as follows: As an initial step, we examine the impact of

the brochure. Our analysis demonstrates that the brochure e�ectively enhances both

sustainable �nance literacy and sustainable investment behaviors. By randomizing the

distribution of the brochure, we ensure that these observed e�ects are causal.

However, while these �ndings imply a causal e�ect of the brochure, they do not

necessarily imply that this e�ect is mediated by sustainable �nance literacy. In the sec-

ond step, we therefore explore whether the brochure's impact on sustainable investing

is causally mediated by sustainable �nance literacy. We address this question in the

experimental design and econometrically, by designing treatments to control for exper-

imenter demand, by including a host of control variables to block alternative channels,

and by running a causal mediation analysis (Imai et al., 2011). These analyses suggest

that around half of the brochure's total e�ect can be attributed to sustainable �nance

literacy.

In the third step, we show that the e�ects of the brochure depend on the participant's

ESG preferences. We will refer to the �rst two steps as �hypothesis 1� (or H1), and to

the third step as �hypothesis 2� (or H2).
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III.4.1 Does the brochure treatment increase sustainable �nance

literacy and sustainable investments?

We start by analyzing whether the brochure is indeed successful in increasing sustainable

�nance literacy. As highlighted in Section III.2, and in contrast to �nancial literacy,

there is no established procedure to measure sustainable �nance literacy so far. As a

result, we adopt Filippini et al. (2024b)'s de�nition of sustainable �nance literacy and

develop a set of nine questions that address general ESG considerations as well as more

speci�c considerations that relate primarily to the EU's SFDR regulation. An overview

of these questions can be found in Appendix D.

For the treatment to be e�ective, we expect the treatment group, which gets to read

the brochure, to answer signi�cantly more questions correctly than the control group,

which does not get to see the brochure. In order to test this, we use the nine questions

referred to above and add up the number of correct answers per participant in a sum

index. Figure III.2 shows that the median in the treatment group answers on average

6 out of 9 sustainable �nance literacy questions correctly. In contrast, the median in

the control group answers only 1 out of 9 questions correctly.

To determine whether the di�erence between the two groups is also statistically

signi�cant, we further investigate our results in an untabulated OLS regression analysis

where we regress the sum index on the brochure treatment variable. The coe�cient of

the brochure treatment corresponds to 4 more correct answers, and is signi�cant at the

1% level. In addition, the explanatory power of the brochure is high: TheR2 of this

simple regression is 0.38. We conclude that the treatment e�ect is both statistically

and economically signi�cant and substantially increases sustainable �nance literacy.

We continue by analyzing whether the brochure treatment leads to a higher proba-

bility of investing in sustainable funds and to base investment decisions on ESG-related

information. Figure III.3 illustrates the results, showing bar plots for both dependent

variables, split by treatment condition.

Panel A shows the relative frequencies of sustainable investment decisions for the

control and treatment groups. As can be seen, sustainable investment decisions, i.e., the
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Figure III.2: Participants' responses to the sustainable �nance literacy questions.

Remark: This �gure shows the results of the treatment and control groups in relation to our 9 questions
on sustainable �nance literacy. The correct answers are added to form a sum index, where 9 means
that all 9 questions were answered correctly and 0 means that none of the questions was answered
correctly.

choice of a sustainable fund in a speci�c investment round from the available fund se-

lection, account for about 65% of the total number of investment decisions made by the

control group. In contrast, sustainable investment decisions account for approximately

74% of total investment decisions made by the treatment group, which represents an

increase of 9 percentage points compared to the control group.

In Panel B we show the relative frequencies of participants in both the control and

treatment groups who reported taking ESG criteria into account in their investment

decisions. In particular, in the control group, ESG criteria played a role in about

25% of investment decisions. In stark contrast, the brochure treatment group had a

signi�cantly higher usage rate, with ESG criteria used in about 50% of their investment

decisions. Thus, the stated use of an ESG criterion roughly doubles from the control

treatment to the brochure treatment.
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Figure III.3: Illustration of results for Hypothesis 1.

Remark: This �gure illustrates the results of H1, showing bar plots for both dependent variables
(�Chose ESG� and �Used Criterion�), split by treatment condition. Panel A shows the relative fre-
quencies of sustainable investment decisions for the control and treatment groups. Panel B reports
the relative frequencies of participants in both the control and treatment groups who reported taking
ESG criteria into account in their investment decisions.

Comparing Panel A and Panel B also indicates that participants often pick sus-

tainable funds even though they do not explicitly state using ESG criteria. This is

particularly true for the control group. The control group is less likely to show a con-

scious tendency to select sustainable funds based on ESG criteria. In contrast, the

brochure group appears to make more decisions in favor of sustainable investments

and tends to base its decisions more consciously on corresponding ESG information.

Overall, this indicates that the control group relies less on ESG information than the

brochure group.

The regression models con�rm these results. Speci�cally, we estimate the following
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equations, using a logistic regression:

Dependent Variablei;p = � 1Brochure Treatmentp + � 2controlsi;p + � p + � i;p (III.1)

where Dependent V ariablei;p is either the indicator variable Chose ESGi;p , which is

equal to 1 if the decisioni of participant p is to invest in a sustainable fund and 0 other-

wise, orUsed Criterion i;p , an indicator variable which equals 1 if the participantp indi-

cated the use of an ESG criterion in decisioni and 0 otherwise.Brochure T reatmentp is

an indicator variable that equals 1 if the participantp received the brochure treatment,

and 0 otherwise. In our regression results, the coe�cient� 1 represents the variable of

interest as it captures the e�ect of the brochure treatment on investment decisions.� p

is a random intercept for each participantp, which accounts for the fact that we ob-

serve four decisions per participant, and� i;p is the error term. Furthermore,controlsi;p

is an optional vector of additional control variables, depending on the complexity of the

model, which we will introduce in the next section.
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Table III.4: Results for Hypothesis 1.

Chose ESG,

simple

Chose ESG,

medium

Chose ESG,

complex

Used criterion,

simple

Used criterion,

medium

Used criterion,

complex

(1) (2) (3) (4) (5) (6)

Logits

Brochure treatment 0:480*** 0:263* 0:248* 2:134*** 1:511*** 1:436***

(0:106) (0:104) (0:106) (0:217) (0:194) (0:189)

Intercept 0:757*** � 1:143* � 2:719* � 2:116*** � 8:125*** � 11:995***

(0:090) (0:458) (1:289) (0:191) (0:837) (2:228)

Margins

Brochure treatment 0:093*** 0:049* 0:043* 0:306*** 0:214*** 0:198***

(0:021) (0:020) (0:019) (0:028) (0:026) (0:025)

Controls none correlated all none correlated all

N 3993 3934 3438 4000 3936 3440

R2 marg. 0:01 0:06 0:19 0:10 0:28 0:43

R2 cond. 0:21 0:21 0:24 0:65 0:66 0:67

Remark: This table presents the results for Hypothesis 1, and reports the logits and margins of mixed models regressions with a random intercept
on the decision level, using two di�erent dependent variables as the measure for ESG Investment decision. �Chose ESG� is a Dummy that captures
whether a sustainable fund was chosen or not. This measure does not di�erentiate between Article 8 funds (�light green�) and Article 9 funds (�dark
green�). �Used Criterion� is a dummy that captures whether a participant reported to have used any ESG criterion for their decision. �Simple� models
do not include any control variables. �Medium� models only include control variables that signi�cantly correlate with the Brochure Treatment variable.
�Complex� models include all control variables. Participant-clustered standard errors in parentheses.� p < 0:05; �� p < 0:01; ��� p < 0:001.
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Table III.4 reports the logit coe�cients and margins (average marginal e�ects, i.e.,

the average e�ect of the brochure, given that the e�ect of the brochure for a given

decision is nonlinear and also depends on the control variables) of random e�ects models

using �Chose ESG� and �Used Criterion� as dependent variables, respectively. Here we

interpret the simple models in columns (1) and (4), without any control variables. The

regression results for both dependent variables are both statistically signi�cant and

economically meaningful. The margins imply that the brochure treatment leads to an

increase in the probability of choosing a sustainable over a conventional fund by around

9%. They also show that the share of participants relying on ESG information increases

by around 31%. Both e�ects are signi�cant at the 0.1% level.

III.4.2 Discussing the e�ects of sustainable �nance literacy on

investment decisions

Currently, there is no method to directly randomize an individual's knowledge; we must

rely on indirect approaches, such as distributing our informational brochure. This lim-

itation means we cannot test the causal e�ects of sustainable �nance literacy with the

same level of certainty as we can for the brochure's direct e�ects. While we can demon-

strate that the brochure enhances sustainable �nance literacy and increases sustainable

investments, we cannot conclusively show that the brochure increases sustainable in-

vestments through improved sustainable �nance literacy alone. Other variables, such

as heightened attention to ESG products, may also mediate the brochure's e�ects on

sustainable investments.

This situation leads to two potential issues: First, these mediators could provide

an alternative explanation for the changes in sustainable investments, independent of

sustainable �nance literacy. Second, they might simultaneously in�uence both sustain-

able investments and sustainable �nance literacy. Ignoring these mediators can create a

spurious correlation between sustainable �nance literacy and sustainable investments.

Given the impossibility of directly randomizing knowledge, we cannot entirely elim-

inate these alternative mediators through our design. The next best approach is to
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present multiple arguments supporting the causal e�ect of sustainable �nance literacy

on sustainable investments. While no single argument may be su�cient to establish

causality, collectively they make this interpretation the most plausible. We address this

by comparing the results of a multiple regression, where we control for all identi�ed

mediators, with those from a mediation analysis.

Statistical control

Controlling for mediators blocks their channels. We leverage this by controlling for all

variables collected in the post-experiment questionnaire. The goal is to test whether

the treatment retains signi�cant explanatory power even after accounting for these vari-

ables. If it does, this suggests support for our proposed sustainable �nance channel.

However, it is important to note that while this approach controls for all observed

variables and unobserved variables that correlate more closely with the control vari-

ables than with sustainable �nance literacy, multiple regression alone is insu�cient to

establish causality de�nitively.

For each dependent variable, we run three model types with di�erent degrees of

complexity: In the simplemodel type, we do not include any control variable at all. This

model type measures the net e�ect of the brochure itself on the dependent variables,

and we have already interpreted them in the previous section. In thecomplex model

type, we include all control variables as outlined in Section III.3.4. The advantage

of the complex model type is to directly block as many possible channels as we can.

However, the complex model type appears to often over�t the data, as indicated by

singularity problems (Bates et al., 2015, 2018). Over�tting is not a major concern in

our setting because we do not use the models to predict out of our sample, but it

might bias estimates for the sustainable �nance literacy coe�cient due to idiosyncratic

relationships in our sample. A common solution for that problem is to develop a reduced

model (Matuschek et al., 2017).

We account for this with the medium model type, where we strive for a balance

between controlling for the most important potential alternative mediators, while also

keeping the model as simple as possible. By de�nition, an alternative mediator has
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to be caused by the brochure, and therefore should be correlated with the treatment

variable. Thus, this model only includes control variables that signi�cantly correlate

with the treatment variable, as shown in Table III.5. These variables are �perceived

impact�, �importance S�, �data usable� and �trust�. The medium model type is simple

enough not to cause over�tting, at the cost of potentially overlooking more complex

mediations such as several mediators canceling each other out, which would lead to

zero-correlations with the treatment.

We want to emphasize that while unobserved variables may positively bias the es-

timates for sustainable �nance literacy, our approach partially mitigates this issue. By

controlling for every variable, we might also block variables associated with the sus-

tainable �nance literacy channel, therefore we potentially underestimate this channel's

e�ect. This is particularly relevant for the variable `perceived impact', as shown in

Table III.5. The brochure might increase the perceived impact of sustainable �nancial

products independently of sustainable �nance literacy. However, it is equally plausible

that a better understanding of these products leads to a higher perceived impact. If

this latter channel exists, it, along with similar channels, is blocked in our medium and

complex regression models.

We also want to emphasize that two of the three variables designed to control for a

potential increase in attention to ESG products caused by the brochure, the `importance

E/G' variables, are not signi�cantly higher in the brochure treatment group. This

�nding argues against the notion that the brochure enhances attention toward ESG

investments. While this does not entirely eliminate the possibility (since attention

e�ects could be unconscious, and there is a small correlation with the treatment for

the `S' variable), we �nd only weak supporting evidence. Based on our data, this

explanation appears implausible.

The results in columns (2), (3), (5) and (6) in Table III.4 show that the coe�cients

for the brochure treatment drop in both the medium and complex model type for both

dependent variables, but stay signi�cant. The choice of sustainable products drops to

around half of the original e�ect size, from an increase of around 9 percentage points to
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Table III.5: Correlation coe�cients.

Variable Correlation P-Value

Pearson correlation coe�cients of �Treatment� with numeric and nominal variables
Perceived impact 0.23 0.000***
Importance S 0.07 0.028*
Data usable -0.07 0.038*
Trust 0.06 0.042*

Party preference NA 0.06 0.072
Greenwashing -0.05 0.129
Social preferences 0.04 0.154
Importance E 0.04 0.163
Gender non binary 0.04 0.187
Importance risk -0.04 0.194
Importance returns -0.04 0.226
Gender female 0.03 0.291
Party not eligible -0.03 0.291
Party Greens 0.03 0.301
Time preference 0.03 0.319
Party FDP -0.03 0.375
Ln UG min. demand -0.03 0.379
Importance G -0.03 0.403
Party none 0.03 0.406
Party AfD -0.03 0.416
ESG pref score 0.03 0.419
Risk preference 0.02 0.514
Ln interview time 0.02 0.529
Talks often about inv. -0.02 0.578
Party The Left 0.02 0.629
Financial literacy 0.01 0.673
Party other 0.01 0.709
Gender NA 0.01 0.724
Ln age 0.01 0.73
Financial experience -0.01 0.752
Social Preferences, costly 0.01 0.851
Years of education -0.00 0.949
Environmental literacy -0.00 0.96
Party SPD -0.00 0.987

Spearman correlation coe�cients of treatment with ordinal variables
Return expectations of ESG funds -0.03 0.284
Monthly net income -0.02 0.44
Portfolio check count -0.02 0.563
Risk expectations of ESG funds -0.00 0.993

Remark: This table shows the correlation coe�cients of each variable with the treatment variable,
sorted by p-value. � p < 0:05; �� p < 0:01; ��� p < 0:001.
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around 4 to 5 percentage points. The conscious usage of ESG criteria drops by roughly

10 percentage points. These results suggest that the control variables indeed constitute

alternative channels, but that they are not enough to explain all of the brochure's

e�ects.

Mediation Analysis

Section III.4.2 shows that the brochure's e�ect sizes drop substantially for both our

dependent variables once we include control variables, but stay signi�cant. This im-

plies the existence of other mediators not included in the model � most prominently

sustainable �nance literacy. However, this argument simply assumes that the increase

in sustainable investments is due to sustainable �nance literacy; it does not show that.

There might still be other mediators for which we did not control. This argument im-

plies that the margins of the four medium and complex models of Table III.4 should best

be interpreted as an upper limit for the isolated e�ects of sustainable �nance literacy.

At worst, sustainable �nance literacy could have no e�ect at all.

To exclude this hypothesis and measure the e�ect of the brochure on sustainable

investment behavioronly via sustainable �nance literacy, we conduct a causal media-

tion analysis following the approach of Baron and Kenny (1986), Imai et al. (2011) and

Acharya et al. (2016), and recently used in research related to �nancial literacy (e.g.,

Carpena and Zia, 2020) and ESG (e.g., Zhou et al., 2022).11 This approach is comple-

mentary to section III.4.2. There we blocked multiple possible channels and interpreted

the �leftover� coe�cient of the brochure treatment as evidence for the sustainable �-

nance literacy channel. Now we focus only on this channel, by conducting a causal

mediation analysis. A mediation analysis decomposes the total e�ect of a variable into

di�erent channels as well. These are the �indirect� e�ect, which quanti�es the extent

to which a treatment in�uences an outcome through a speci�c mediating variable of

interest, in our case sustainable �nance literacy, and the �direct� e�ect, which is the

aggregate of any other possible mediator, including unobserved variables. The indirect

e�ect is usually operationalized as the average causal mediation e�ect (ACME). While

11We use the R package �mediation� (Tingley et al., 2014).
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there is some complexity, in principle the ACME is calculated straightforwardly, us-

ing a two-stage regression. The �rst regression estimates the relationship between the

brochure and sustainable �nance literacy, while the second estimates the relationship

between sustainable �nance literacy and sustainable investment (both steps include

control variables). Then the two coe�cients are multiplied to obtain the ACME. Thus,

we focus in this analysis on the ACME of sustainable �nance literacy.

The idea is not simply to conduct a mediation analysis, but to test whether the

results are similar to those of section III.4.2. Conceptually, they do not need to be.

To illustrate why, let us decompose the total e�ect of the brochure on sustainable

investments into three types of channels: First the sustainable �nance literacy channel,

second the observable channels for which we controlled in the former section, and third

the unobservable channels. Controlling for the observable channels leaves a coe�cient

which is the combination of the other two types. Conducting a mediation analysis

isolates the sustainable �nance channel, although not necessarily causal. Therefore, the

mediation analyses can result in a smaller estimate than the control approach. If the

results are similar, however, this result speaks against the existence of unobservable

channels.

Table III.6 shows the results, for both the nonlinear models from table III.4 and for

linear models which we include as a robustness check, for both model types (medium

and complex) and for both dependent variables.12 For the �Chose ESG� variable, each

total e�ect of the brochure is in line with the results from the earlier analyses, with

estimates ranging from 4.3% to 5.6%. The ACME of sustainable �nance literacy in the

complex models is around 4 to 5%, which also con�rms our initial results.

For the medium models, the analysis suggests that the e�ect of sustainable �nance

literacy is larger, at around 10%. This implies that the net e�ect of all alternative me-

diators combined would actually be negative, meaning that we underestimate the e�ect

of sustainable �nance literacy. We do not follow this interpretation since the medium

models in the table might not incorporate some relevant e�ects while the complex

12We conduct the mediation analysis only for the medium and complex models since we already know
from the earlier analysis that the e�ect from the simple model drops to roughly half after controlling
for other variables, indicating alternative mediators.
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Table III.6: Estimations for total e�ects and average causal mediation e�ects (ACME).

Dependent variable Model type Total e�ect ACME su�li

Chose ESG Medium nonlinear 0.056*** 0.101***
Chose ESG Medium linear 0.046* 0.097***
Chose ESG Complex nonlinear 0.047** 0.049***
Chose ESG Complex linear 0.043* 0.044***
Used criterion Medium nonlinear 0.217*** 0.207***
Used criterion Medium linear 0.188*** 0.179***
Used criterion Complex nonlinear 0.197*** 0.143***
Used criterion Complex linear 0.177*** 0.121***

Remark: This table shows the estimations for total e�ects and average causal mediation e�ects (ACME)
for both dependent variables with sustainable �nance literacy as the mediator, varied by which control
variables and which regression formulas are used. Complex models include all control variables, medium
models include Perceived Impact, Importance S, Trust, and Use Data. Linear models use mixed e�ects
linear models on both stages. Nonlinear models use Poisson regressions for the mediator and logit
regressions for the dependent variables.

models do. However, this provides more evidence that the e�ect size of the brochure

via sustainable �nance literacy is around 4 to 5% for the �Chose ESG� variable, and

that alternative unobservable mediators such as increased attention or an experimenter

demand e�ect cannot explain this �nding away.

Next, we turn to the �Used Criterion� variable. The four models estimate the total

e�ects to be around 17.7% to 21.7%, which is in line with the earlier results. The

ACME estimates in the medium models are around the same size as the total e�ects,

which implies that the brochure's e�ect after controlling for observables is purely driven

by sustainable �nance literacy. The complex models, however, suggest that the ACME

of sustainable �nance literacy is smaller than the total e�ect. For these models, the

ACMEs vary around 12.1% to 14.3%, which is around two-thirds of the total e�ects

of the respective models. To err on the conservative side, we again champion the

interpretation from the complex models. It suggests that while the brochure's e�ect on

the decision criteria is in part due to an increase in sustainable �nance literacy, other

mediators play a role as well. The channel through sustainable �nance literacy still

seems to be the most relevant, as it accounts for roughly two-thirds of the total e�ect

both in the linear and nonlinear models.

In sum, the results from the mediation analysis provide additional support for our
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initial results discussed in Section III.4.2 and con�rm that the e�ect size of the brochure

via sustainable �nance literacy is around 4 to 5% for actual behavior. However, we

do see that the brochure has some unmeasured in�uences beyond sustainable �nance

literacy regarding the conscious usage of ESG criteria.

We now examine the various e�ects of sustainable �nance knowledge combined with

sustainability preferences on investment behavior (H2). We argue that the e�ect of the

brochure depends on the level of ESG preferences.

III.4.3 Does an increase in sustainable �nance literacy, com-

bined with high ESG preferences, lead to an increase in

the probability of investing sustainably?

Does the brochure work for all the participants in the same way, and what role do

ESG preferences play in this context? A person who is knowledgeable about ESG and

sustainable investing but has no strong environmental and/or social preferences could

make a conscious decisionnot to invest in sustainable �nance products. Conversely, a

person with strong environmental and/or social preferences but insu�cient knowledge

of sustainable investing may have di�culty e�ectively translating those preferences

into actionable investment decisions. As a next step, we therefore explore the role of

both sustainability preferences and sustainable �nance literacy in shaping investment

decisions. In other words, we focus on ESG preferences and interact such preferences

with the brochure treatment.

We mirror the analysis for H1, but now include an interaction term between the

treatment and the ESG pref score. We investigate models with control variables, be-

cause the ESG preferences are measured, not randomized. Speci�cally, we estimate the

following model based on a logistic regression:

Dependent Variablei;p = � 1Brochure Treatmentp + � 2ESG Pref Scorep

+ � 3controlsi;p + � p + � i;p (III.2)

III-112



CHAPTER III. AUZEPY ET AL. (B)

Figure III.4: Interaction plot for Hypothesis 2.

Remark: This �gure is an interaction plot illustrating the results of H2. It plots the relationships
between ESG preferences and the two dependent variables �Chose ESG� and �Used Criterion� for the
control and treatment groups. Panel A shows the relationship between the probability of investing
sustainably and ESG preferences. Panel B plots the relationship between the incorporation of ESG
criteria into investment decisions and ESG preferences.

All the variables and model types (simple, medium, complex) stay the same as for H1,

and in addition the ESG Pref Scorep is the average answer from participantp for the

seven ESG preference questions. These questions are �ve-point Likert scales, but the

labels for the points do not include any numeric values. Thus, we scale the variable as

a number between 0 and 4, which conveniently gives the coe�cient� 1 for the brochure

treatment in the regression model a meaningful interpretation: It is the e�ect of the

brochure for the participants with the lowest sustainability preferences.

Figure III.4 is an interaction plot that illustrates the results. It plots the relationship

between ESG preferences and the two dependent variables �Chose ESG� and �Used
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Criterion� for each of the two experimental groups. Our second hypothesis (H2) implies

that for these relationships, the slope for the brochure treatment should be steeper than

for the control group. We �nd this result for both dependent variables. Panel A shows

that the probability of investing sustainably increases with ESG preferences. The slope

is steeper for the brochure treatment group compared to the control group, and both

groups start to di�er signi�cantly as the ESG preferences score increases. Panel B

shows that this pattern also holds for the incorporation of an ESG criterion into the

decision-making process, and the di�erences become signi�cant at a slightly lower level

of ESG preferences.

Table III.7 corroborates these �ndings, primarily for the dependent variable �Chose

ESG�. The table reports the logits13 for each of the six models, which again are combi-

nations of the two di�erent dependent variables and the three model types. Columns

(1) to (3) show the results for the actual behavior as a dependent variable. In each of

the models, the interaction term is signi�cant on the 1% level, with the predicted sign.

However, for the �Used Criterion� variable, in columns (4) to (6), we �nd the predicted

signs, but only the coe�cient in the complex model is signi�cant at the 5% level. We

attribute this to the relatively large standard errors, which are approximately twice as

large as for the �Chose ESG� variable. Thus, the �Used Criterion� variable appears to

be noisier.

13Unlike for H1, we do not report margins (AMEs) for H2 because we are interested in the interaction
term. In this case, margins cannot be calculated because, unlike in a linear model, they are not
assumed to be constant (Williams, 2012). We can, however, use the logits to infer the interaction
term's statistical signi�cance.
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Table III.7: Results for Hypothesis 2.

Chose ESG,
simple

Chose ESG,
medium

Chose ESG,
complex

Used criterion,
simple

Used criterion,
medium

Used criterion,
complex

(1) (2) (3) (4) (5) (6)

Brochure treatment � 0:644 � 0:827* � 0:743 0:760 0:095 � 0:209
(0:396) (0:387) (0:392) (0:860) (0:826) (0:797)

ESG pref score 0:412*** 0:299** � 0:032 1:135*** 0:688** � 0:030
(0:110) (0:110) (0:120) (0:244) (0:238) (0:244)

Brochure * ESG pref score 0:387** 0:385** 0:350** 0:452 0:487 0:550*
(0:135) (0:132) (0:133) (0:283) (0:270) (0:260)

Intercept � 0:437 � 1:450** � 2:108 � 5:374*** � 9:139*** � 10:960***
(0:323) (0:534) (1:310) (0:756) (1:060) (2:308)

Controls none correlated all none correlated all

N 3969 3910 3438 3972 3912 3440
R2 marg. 0:07 0:10 0:19 0:20 0:33 0:43
R2 cond. 0:22 0:22 0:25 0:66 0:67 0:67

Remark: This table presents the results for Hypothesis 2, and reports the logits of mixed models regressions with a random intercept on the decision
level, using two di�erent dependent variables as the measure for ESG Investment decision. �Chose ESG� is a Dummy that captures whether a
sustainable fund was chosen or not. This measure does not di�erentiate between Article 8 funds (�light green�) and Article 9 funds (�dark green�).
�Used Criterion� is a dummy that captures whether a participant reported to have used any ESG criterion for their decision. �Simple� models do not
include any control variables. �Medium� models only include control variables that correlate with the Brochure Treatment variable. �Complex� models
include all control variables. The relevant variable is the interaction term. The ESG Pref Score is not centered. Participant-clustered standard errors
in parentheses. � p < 0:05; �� p < 0:01; ��� p < 0:001
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Interestingly, we �nd in columns (1) to (3) a negative e�ect of the treatment vari-

able, which is even signi�cant at the 5% level in the medium model in column (2).

Since we deliberately mapped the ESG preferences score on a scale from 0 to 4, this

coe�cient represents the behavior of the participants with the lowest ESG preferences.

Therefore, it might even be argued that, for individuals with low ESG preferences, the

brochure reduces sustainable investments. This seems reasonable because if su�cient

sustainable �nance literacy makes it possible to identify sustainable funds, this very

literacy combined with low preferences might help such individuals to actively avoid

sustainable funds. In addition, it could also be that individuals who have a negative

view of ESG issues in general may have a negative reaction to the brochure treatment.

This could be related not only to anti-ESG sentiment, but also to the perception of

sustainable �nancial products as a form of greenwashing.

However, further research would be needed to underpin this �nding. Admittedly,

we do not �nd this pattern in the case of the other dependent variable, which should be

the case if the decision to avoid sustainable funds were a conscious one. Furthermore,

the results are based on relatively few observations. Only 125 participants in both

groups combined have an ESG preference score of 2 or less, and only 1 participant has

a value of 0. Nevertheless, these results might point to a more nuanced understanding

of sustainable �nance literacy to be explored in later studies.

In sum, we conclude that we �nd strong evidence for H2 for the behavior and weaker,

more mixed evidence for the conscious use of ESG criteria. Speci�cally, a higher level

of sustainable �nance literacy, combined with high ESG preferences, leads to a higher

probability of choosing an ESG fund. This suggests that sustainable �nance literacy

helps individuals to better align their preferences with their investment decisions. How-

ever, the e�ectiveness of the brochure seems limited among individuals who have low

ESG preferences and could potentially have unintended negative e�ects in some cases.

III.4.4 Robustness checks

We conduct an array of additional tests to check the robustness of our baseline results.

First, we estimate the nonlinear models with a probit link function (�probits�) instead
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of logits. Second, we also run a linear model (�LPM�), which we not only use as a

robustness check, but also as a second method to estimate e�ect sizes. Third, we

restrict the sample to participants who gave a score of at least 5 out of 10 to the

statement �I have given my answers and made my decisions carefully and to the best of

my knowledge, and therefore think that my data should be used for the study� (�Use

data 5�). We also run a robustness check excluding the fastest and slowest 2.5% of the

participants (�Time 95%�). Finally, we check for the presence of an EDE, as described

in Section III.3.1.

Table III.8 shows the results of the robustness checks for H1. In the probit models,

the e�ect of the brochure treatment remains consistent with the baseline results. The

treatment has a positive and statistically signi�cant e�ect on both �Chose ESG� and

�Used Criterion� across all levels of model complexity (simple, medium, complex) in

columns (1) to (6). The LPM model results also show a consistent positive e�ect of

the brochure treatment on ESG investment decisions: The treatment is statistically

signi�cant and positively associated with �Chose ESG� and �Used Criterion� across all

columns, and the coe�cients have a similar, but slightly smaller size as the margins in

Table III.4. When restricting the sample to participants who gave a score of at least

5 out of 10 for their data use statement, the positive e�ect of the brochure treatment

on ESG decisions remains robust. Similarly, excluding the fastest and slowest 2.5% of

participants from the sample does not substantially alter the results.
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Table III.8: Margins for each robustness check for Hypothesis 1.

Dependent Variable, Model

Chose ESG,
simple

Chose ESG,
medium

Chose ESG,
complex

Used criterion,
simple

Used criterion,
medium

Used criterion,
complex

Variables (1) (2) (3) (4) (5) (6)

Probits
Brochure 0:094*** 0:051* 0:046* 0:307*** 0:216*** 0:198***
treatment ( 0:021) (0:020) (0:019) (0:027) (0:026) (0:024)

LPM
Brochure 0:084*** 0:045* 0:042* 0:262*** 0:190*** 0:181***
treatment ( 0:019) (0:019) (0:019) (0:026) (0:025) (0:025)

Use data 5
Brochure 0:095*** 0:052* 0:046* 0:314*** 0:220*** 0:202***
treatment ( 0:021) (0:020) (0:019) (0:028) (0:026) (0:025)

Time 95%
Brochure 0:100*** 0:057** 0:054** 0:309*** 0:210*** 0:200***
treatment ( 0:022) (0:020) (0:019) (0:029) (0:027) (0:026)

EDE
High EDE- � 0:017 � 0:025 � 0:012 0:054 0:046 0:062*
treatment ( 0:025) (0:024) (0:023) (0:037) (0:034) (0:032)
Low EDE- � 0:036 � 0:022 � 0:010 � 0:033 0:000 0:021
treatment ( 0:026) (0:024) (0:022) (0:037) (0:034) (0:032)

Remark: This table summarises the margins for each robustness check for Hypothesis 1. We estimate the nonlinear models with a probit link function
(�Probits�). We also run a linear model (�LPM�). We restrict the sample to participants who gave a score of at least 5 out of 10 to the statement �I
have given my answers and made my decisions carefully and to the best of my knowledge, and therefore think that my data should be used for the
study� (�Use data 5�). We also run a robustness check excluding the fastest and slowest 2.5% of the participants (�Time 95%�). Finally, we check for
the presence of an experimenter demand e�ect (EDE). �Chose ESG� is a dummy that captures whether a sustainable fund was chosen or not. �Used
Criterion� is a dummy that captures whether a participant reported to have used any ESG criterion for their decision. �Simple� models do not include
any control variables. �Medium� models only include control variables that correlate with the Brochure Treatment variable. �Complex� models include
all control variables. Participant-clustered standard errors in parentheses.� p < 0:05; �� p < 0:01; ��� p < 0:001
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Table III.9 reports the results of the robustness checks for H2, where we interact the

brochure treatment with the sustainability preferences. The results from the probit and

LPM models generally con�rm the direction of e�ects observed in Table III.7, although

there are di�erences in the magnitude and statistical signi�cance of some coe�cients.

Speci�cally, for the probit models in columns (1) to (3), the interaction term retains its

signi�cance (p < 0.01) and remains consistent with the main results. For the LPM, the

coe�cients are generally smaller but remain statistically signi�cant, except in column

(3). The results also hold in the robustness checks �Use data 5� and �Time 95%�. Thus,

all four types of robustness checks (probits, LPM, Use data 5 and Time 95%) provide

strong and consistent support for the results of H2 with �Chose ESG� as the dependent

variable.

Turning to columns (4) to (6) with �Used Criterion� as the dependent variable, the

results are more contrasted. The coe�cient of the interaction term keeps its signi�cance

(p<0.05) in the complex model in column (6) for the probit models, and even becomes

strongly signi�cant (p<0.001) across all three columns in the LPM models. The results

hold consistently in the �Time 95%� robustness check, but not entirely when considering

the �Use data 5� check where the statistical coe�cient remains in the complex model

in Column (3) and disappears in the others. Overall, the results of the four robustness

checks con�rm the main results and even provide some evidence that the main analyses

for H2 with �Used Criterion� as a dependent variable might underestimate the signi�-

cance of the interaction term. We �nd signi�cant results for models (4) and (5) in two

out of four robustness checks. To err on the conservative side, however, we conclude

that the evidence for H2 with �Used criterion� as the dependent variable is weaker than

that for the �Chose ESG�.
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Table III.9: Margins for each robustness check for Hypothesis 2.

Dependent Variable, Model

Chose ESG,
simple

Chose ESG,
medium

Chose ESG,
complex

Used criterion,
simple

Used criterion,
medium

Used criterion,
complex

Variables (1) (2) (3) (4) (5) (6)

Probits
Brochure � 0:381 � 0:497* � 0:446 0:561 0:072 � 0:146
treatment (0:236) (0:230) (0:231) (0:493) (0:470) (0:456)
Brochure * 0:230** 0:232** 0:211** 0:229 0:282 0:331*
ESG pref (0:080) (0:078) (0:078) (0:162) (0:154) (0:149)
Score

LPM
Brochure- � 0:080 � 0:110 � 0:090 � 0:033 � 0:119 � 0:129
treatment (0:073) (0:072) (0:073) (0:100) (0:093) (0:095)
Brochure * 0:055* 0:054* 0:045 0:100** 0:108*** 0:107***
ESG pref (0:025) (0:024) (0:024) (0:034) (0:031) (0:031)
Score

Use data 5
Brochure � 0:639 � 0:496* � 0:717 0:919 0:219 � 0:134
treatment (0:398) (0:230) (0:395) (0:861) (0:832) (0:799)
Brochure * 0:390** 0:232** 0:345* 0:410 0:456 0:534*
ESG pref (0:136) (0:078) (0:134) (0:283) (0:272) (0:260)
Score

Time 95%
Brochure � 0:751 � 0:858* � 0:648 0:400 � 0:121 � 0:421
treatment (0:415) (0:406) (0:409) (0:887) (0:849) (0:816)
Brochure * 0:442** 0:414** 0:338* 0:574* 0:549* 0:623*
ESG pref (0:142) (0:138) (0:139) (0:292) (0:278) (0:267)

Continued on next page...
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Dependent Variable, Model

Chose ESG,
simple

Chose ESG,
medium

Chose ESG,
complex

Used criterion,
simple

Used criterion,
medium

Used criterion,
complex

Variables (1) (2) (3) (4) (5) (6)

Score

EDE
High EDE- � 0:189 � 0:321 � 0:951 � 0:423 � 0:355 � 0:420
Treatment (0:591) (0:573) (0:605) (1:067) (0:578) (1:038)
Low EDE- � 0:953 � 0:789 � 1:242* � 2:227 � 1:183 � 1:296
treatment (0:620) (0:603) (0:614) (1:138) (0:618) (1:078)
High EDE * 0:058 0:082 0:302 0:300 0:197 0:293
ESG pref score (0:204) (0:198) (0:206) (0:358) (0:194) (0:343)
Low EDE * 0:267 0:228 0:410* 0:677 0:394 0:488
ESG pref score (0:211) (0:206) (0:208) (0:375) (0:204) (0:352)

Remark: This table summarises the margins for each robustness check for Hypothesis 2. We estimate the nonlinear models with a probit link function
(�Probits�). We also run a linear model (�LPM�). We restrict the sample to participants who gave a score of at least 5 out of 10 to the statement �I
have given my answers and made my decisions carefully and to the best of my knowledge, and therefore think that my data should be used for the
study� (�Use data 5�). We also run a robustness check excluding the fastest and slowest 2.5% of the participants (�Time 95%�). Finally, we check for
the presence of an experimenter demand e�ect (EDE). �Chose ESG� is a dummy that captures whether a sustainable fund was chosen or not. �Used
Criterion� is a dummy that captures whether a participant reported to have used any ESG criterion for their decision. �Simple� models do not include
any control variables. �Medium� models only include control variables that correlate with the Brochure Treatment variable. �Complex� models include
all control variables. Participant-clustered standard errors in parentheses.� p < 0:05; �� p < 0:01; ��� p < 0:001.
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In both Table III.8 and Table III.9, we �nd very little and inconclusive evidence

for the presence of an EDE. Most coe�cients are insigni�cant, and they often have the

wrong sign. For example, the �High EDE� coe�cients in Table III.8 should be positive

because a stronger EDE should increase the probability to invest sustainably. Instead,

the coe�cients for the �Chose ESG� variable are all negative. Furthermore, we �nd

that the interaction term in Table III.9 is signi�cantly larger for the �Low EDE� group

compared to the treatment group without any EDE manipulation. If there was an EDE,

this coe�cient should actually be smaller. The only result that speaks in favor of an

EDE is the signi�cant coe�cient for the complex �Used Criterion� model in Table III.8.

Therefore, we conclude that there is very little and weak evidence for the presence of

an EDE a�ecting our baseline results.

III.4.5 Additional analysis: Does sustainable �nance literacy

lead to di�erentiation between light green and dark green

funds?

While little is known to date about how retail investors understand and are in�uenced by

ESG information, there is clear empirical evidence that institutional investors respond

to ESG information (e.g., Hartzmark and Sussman, 2019), particularly SFDR labels of

funds (see e.g., Becker et al. 2022; Scherer and Hasaj 2023). Therefore, we examine

whether sustainable �nance literacy in combination with high sustainability preferences

leads participants to di�erentiate between light green (SFDR Article 8) and dark green

(SFDR Article 9) funds. Speci�cally, we hypothesize that individual investors with

high sustainability preferences will deliberately invest in funds that explicitly pursue

environmental or social objectives that are aligned with their preferences if they are

able to identify information that allows them to recognize such funds.

To analyze this question, we focus on the fourth round of investment decisions,

which includes all three types of SFDR funds: a dark green fund, a light green fund,

and a conventional fund. We restrict the sample to the participants who chose one of

the two sustainable funds. As the dependent variable we use a dummy variable which
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indicates whether the light green or the dark green fund was chosen. As independent

variables we use the treatment variable, and additionally, we focus on one particular

question from the sustainable �nance literacy module: �Su�li local 4�. This question

speci�cally tests knowledge about �nancial products classi�ed as SFDR Article 9.

If sustainable �nance literacy in�uences the choice between article 8 and article

9 �nancial products, it should be the speci�c knowledge about the SFDR's article 9

in particular that causes this choice, but not necessarily other aspects of sustainable

�nance literacy. Therefore, we expect this question to have the strongest in�uence on

the decision between the two fund classes, while the other questions should not be as

in�uential. We again expect an interaction with ESG preferences, for the same reasons

as in the main analyses. Thus, we mirror our analyses from the main results, and label

the di�erent models as �H1� and �H2�. We only compute models with the full set of

control variables.

Table III.11 provides support for both hypotheses. This table reports the results

of logistic regressions as logits, for both hypotheses as well as for both independent

variables. The brochure treatment increases the probability of choosing the article 9

fund over the article 8 fund (column 1), but this increase depends on the ESG pref-

erences (column 2). Speci�c knowledge about the SFDR's article 9 also increases the

probability of choosing a corresponding fund over an article 8 fund (column 3), again

moderated by ESG preferences (column 4). In both columns (2) and (4) the coe�cients

of the interaction terms taking ESG preferences into account become larger than the

individual e�ects of the brochure and the Su�li local 4-question.

Calculating the margins, as reported in Table III.12, shows that the brochure treat-

ment increases the probability of choosing the article 9 fund over the article 8 one by

around 9.4%, and knowing the correct answer to the Su�li local 4-question by around

12.2%. The interaction terms have the predicted signs.

We conclude that sustainable �nance literacy not only increases the probability of

investing sustainably at all, but also increases the probability of choosing the more

sustainable option out of several sustainable alternatives. Since the other sustainable

�nance literacy questions do not increase the probability of choosing a dark green fund,
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Table III.11: Results for the additional analyses with logistic regressions.

Chose dark
green over light

green, H1

Chose dark
green over light

green, H2

Chose dark
green over light

green, H1

Chose dark
green over light

green, H2
(1) (2) (3) (4)

Brochure treatment 0:427* � 1:193
(0:197) (0:819)

Brochure * 0:547*
ESG pref score (0:269)
Su�li local 4 0:567* � 1:654*

(0:234) (0:796)
Su�li local 4 * 0:764**
ESG pref score (0:262)
ESG pref score � 0:023 � 0:417 � 0:032 � 0:461*

(0:163) (0:253) (0:166) (0:223)
Su�li global 1 0:147 0:176

(0:240) (0:242)
Su�li global 2 0:028 0:036

(0:241) (0:242)
Su�li global 3 � 0:227 � 0:235

(0:272) (0:274)
Su�li global 4 � 0:179 � 0:202

(0:208) (0:210)
Su�li global 5 0:176 0:144

(0:205) (0:207)
Su�li local 1 0:002 � 0:075

(0:204) (0:208)
Su�li local 2 � 0:274 � 0:253

(0:231) (0:232)
Su�li local 3 0:075 0:073

(0:203) (0:204)
Intercept � 1:059 0:144 � 0:888 0:367

(2:396) (2:477) (2:470) (2:516)
Controls all all all all

N 714 714 709 709
PseudoR2 0:11 0:12 0:12 0:13

Remark: This table presents the results for the additional analyses of whether participants with higher
sustainable �nance literacy prefer article 9 funds (�dark green�) over article 8 funds (�light green�), and
reports the logits of logistic regressions. The sample is limited to decision 4, and only includes the
decisions for any of the two sustainable funds. The dependent variable in each model is a dummy
variable which equals 1 if participants chose the article 9 fund, and 0 if they chose the article 8
fund. The models di�er in whether the main explanatory variable is the treatment or a question that
speci�cally measures knowledge about article 9 funds (�Su�li local 4�), and whether this variable is
interacted with the ESG Preferences Score. Each model includes all control variables. The ESG Pref
Score is not centered. Participant-clustered standard errors in parentheses.� p < 0:05; �� p < 0:01;
��� p < 0:001
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Table III.12: Results for the additional analyses with margins of logistic regressions.

Chose dark green over
light green, H1

Chose dark green over
light green, H1

Brochure treatment 0:094*
(0:043)

Su�li local 4 0:122*
(0:050)

ESG pref score � 0:005 � 0:007
(0:036) (0:036)

Su�li global 1 0:032
(0:052)

Su�li global 2 0:006
(0:052)

Su�li global 3 � 0:049
(0:059)

Su�li global 4 � 0:039
(0:045)

Su�li global 5 0:038
(0:044)

Su�li local 1 0:000
(0:044)

Su�li local 2 � 0:059
(0:049)

Su�li local 3 0:016
(0:044)

Controls all all

Remark: This table presents the results for the additional analyses of whether participants with higher
sustainable �nance literacy prefer article 9 funds (�dark green�) over article 8 funds (�light green�), and
reports the margins of logistic regressions. The sample is limited to decision 4, and only includes the
decisions for any of the two sustainable funds. The dependent variable in each model is a dummy
variable which equals 1 if participants chose the article 9 fund, and 0 if they chose the article 8 fund.
The models di�er whether the main explanatory variable is the treatment or a question that speci�cally
measures knowledge about article 9 funds (�Su�li local 4�). Each model includes all control variables.
The ESG Pref Score is not centered. Participant-clustered standard errors in parentheses.� p < 0:05;
�� p < 0:01; ��� p < 0:001

III-125



CHAPTER III. AUZEPY ET AL. (B)

it is reasonable to conclude that this e�ect is driven by speci�c knowledge about the

SFDR's article 9 funds.

At �rst glance, this result might seem to contradict the main �ndings of Heeb et al.

(2022), who show in their experiment that participants do not di�erentiate between

di�erent degrees of sustainable impact. Although article 9 funds are not necessarily

impact funds and therefore may not necessarily achieve more impact compared to article

8 funds (Chesney and Lambillon, 2023), we would like to highlight a key di�erence

between their experimental design and ours. While the treatments di�er in how much

of an impact the ESG fund has (�low impact� versus �high impact�), participants in

Heeb et al. (2022)'s main experiment do not explicitly decide between two ESG funds

directly. They either have to choose between a high-impact fund and a conventional

fund, or a low-impact fund and a conventional fund.

In contrast, the participants in our experiment can decide between one conventional

and two di�erent ESG funds. A vast literature on preference construction and preference

reversals emphasizes such contrasts in the choice environment as deciding factors. For

an overview, see Dhami (2016) and Lichtenstein and Slovic (2006). In our experiment,

participants are able to compare both ESG funds, which may allow them to construct

their preferences di�erently as the di�erences between these ESG funds become more

apparent. A decision with only one ESG fund would not allow for that.

In an additional analysis, Heeb et al. (2022) actually �nd this �comparability� e�ect

of an additional ESG fund as well. In their experiment, the participants decide between

a conventional fund without any positive environmental impact, a second fund with a

positive but relatively moderate impact, and a third fund with a relatively large positive

impact. Heeb et al. (2022) conclude from their analyses that �the joint evaluation

demonstrates that comparability creates some sensitivity to impact� (see p. 1765, Heeb

et al. 2022), which is consistent with our results.

Interestingly, for participants with very low levels of ESG preferences, we again �nd

some evidence that sustainable �nance literacy can decrease sustainable investments.

In the H2 models in columns (2) and (4), the main e�ects are negative, and even

signi�cantly negative (p<0.05) for the Su�li local 4-question.
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III.4.6 Additional analysis: Contrasting evidence on the deter-

minants of ESG investing

In this section, we discuss further factors that in�uence ESG investment decisions by

contrasting our results with the existing literature. The objective of this analysis is not

to test established �ndings with our data,14 but rather to analyze whether our dataset

contains some of these established results in order to provide further evidence for the

validity of our data. To this end, we use a correlation matrix, as shown in Table III.13,

which reports the correlation coe�cients between the �Chose ESG� variable and each

of the control variables used in this study for which prior literature exists. We discuss

whether these correlations are consistent with the literature in terms of coe�cient sign

and statistical signi�cance. It is important to note, however, that there is no established

consensus in the literature for several of the variables discussed below.

Age In our sample, age has a negative, but statistically insigni�cant correlation

with the likelihood to invest in ESG funds. This is broadly in line with the litera-

ture, which usually �nds that younger individuals invest more sustainably. Bauer et al.

(2021), Bauer et al. (2022), Brodback et al. (2019), Giglio et al. (2025) and Gutsche

and Zwergel (2020) observe a signi�cant negative age e�ect. Bauer and Smeets (2015),

Filippini et al. (2024b) and Riedl and Smeets (2017a) �nd a negative e�ect, but their

results contain model speci�cations where age is not signi�cant. In the context of a

Swedish pension scheme, Anderson and Robinson (2021) derive a positive and signif-

icant correlation when the default investment option cannot be interpreted as having

sustainable characteristics, and a negative and signi�cant correlation when it can.

Gender While we �nd that gender predicts sustainable investments signi�cantly,

the evidence in the literature is rather mixed. Giglio et al. (2025) show that although

women agree more with the fact that ESG investments are �the right thing to do� than

men, they often do not translate these preferences into action. Bauer et al. (2021)

analyze a Dutch pension fund that bases its sustainable investment policies on the de-

cision of its members and �nd that women are more in favor of a sustainable investment
14See Hünermund and Louw (2023) for why this would not be a feasible endeavor.
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Table III.13: Correlation coe�cients.

Variable Correlation P-value

Pearson correlation coe�cients of �Chose ESG� with numeric and nominal
control variables
Perceived impact 0.18 0.000***
Party Greens 0.12 0.000***
Greenwashing -0.10 0.000***
Social preferences 0.09 0.000***
Risk preferences -0.09 0.000***
Party FDP -0.08 0.000***
Talks often about inv. -0.08 0.000***
Gender female 0.07 0.000***
Party AfD -0.06 0.000***
Financial literacy 0.05 0.001**
Environmental literacy 0.05 0.001**
Trust 0.05 0.002**
Social preferences, costly 0.04 0.008**
Party The Left 0.04 0.015*
Time preferences 0.03 0.084
Ln age -0.02 0.172
Party SPD -0.01 0.374
Financial experience 0.00 0.777
Years of education 0.00 0.786

Spearman correlation coe�cients of �Chose ESG� with ordinal control variables
Expected risk of ESG funds -0.07 0.000***
Monthly net income -0.04 0.034*
Expected performance of ESG funds 0.00 0.957

Remark: This table shows the correlation coe�cients of each control variable for which there exists
literature with the �Chose ESG� variable, sorted by p-value. � p < 0:05; �� p < 0:01; ��� p < 0:001

policy. Gutsche and Zwergel (2020) and Bauer et al. (2022) observe that women invest

signi�cantly more in sustainable funds. Other studies (e.g., Anderson and Robinson,

2021; Brodback et al., 2019; Filippini et al., 2024b; Riedl and Smeets, 2017a) do not

�nd a signi�cant gender di�erence, although the coe�cient sign is usually in favor of

women investing more sustainably.

Education We �nd that the correlation between education and the probability of

investing sustainably is zero. This �nding is also common in the literature. Some

studies do not �nd any results for education (see e.g., Bauer et al. 2021; Gutsche and

Zwergel 2020). For those who derive signi�cant results, the e�ects are mixed. Filippini
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et al. (2024b) present six models, out of which four have a positive relationship. Bauer

and Smeets (2015) and Riedl and Smeets (2017a) both �nd that university education

does not increase the absolute amount of sustainable investments, but on the contrary

decreases their share in the portfolio. Finally, Bauer et al. (2022) �nd a positive rela-

tionship, but operationalize education as having a Ph.D., which limits generalizability.

Income and wealth While we observe a negative relationship between income and

sustainable investments, the literature on income and wealth, as another measure of

�nancial well-being, is very mixed. Anderson and Robinson (2021) exemplify this in

their study, having signi�cant correlations with income in both directions, depending

on the model. Bauer and Smeets (2015) �nd no relationship for income, but a negative

relationship for wealth. Bauer et al. (2021) and Filippini et al. (2024b) also �nd no

relationship with income, but Filippini et al. (2024b) reports a positive correlation

between wealth and sustainable investment. Giglio et al. (2025) show that the share

of sustainable investments increases with wealth, while Riedl and Smeets (2017a) show

the opposite. Finally, Brodback et al. (2019) and Gutsche and Zwergel (2020) �nd

positive associations between income and ESG investing, while Bauer et al. (2022) �nd

a negative relationship.

Financial literacy and environmental literacy We �nd positive associations for

both �nancial literacy and environmental literacy. The literature on these relationships

is contrasted. Filippini et al. (2024b) �nd no signi�cant correlation for both these vari-

ables with sustainable investments. Similarly, Anderson and Robinson (2021) �nd no

clear relationship for environmental literacy, and in the case of �nancial literacy, the re-

lationship is in some models even signi�cantly negative. In contrast, Aristei and Gallo

(2021) �nd a positive relationship between �nancial literacy and sustainable invest-

ments, and Bethlendi et al. (2022) report a positive association between environmental

literacy and ESG investing.

Return expectations In our data the correlation between expected returns of ESG

investments and the likelihood to invest in ESG funds is zero. In a similar way, Heeb

et al. (2022) �nd that neither investors' risk expectations nor their return expectations

correlate signi�cantly with their willingness to pay for sustainable investments. Bauer

III-129



CHAPTER III. AUZEPY ET AL. (B)

et al. (2021) report that individuals favor sustainable investments independent of return

expectations. Speci�cally, they �nd that the majority of respondents in their exper-

iment chooses to expand sustainable investing at their pension fund, even those who

have negative return expectations or are uncertain about what to expect in terms of

returns. Furthermore, Anderson and Robinson (2021) note that a green pro-social value

orientation is strongly related to the willingness to pay higher fees for environmentally

sustainable funds. Overall, this combined evidence suggests that return expectations are

not the primary determinant of ESG investment decisions. Finally, Giglio et al. (2025)

conduct a survey of retail investors and report considerable heterogeneity among these

investors in their ESG return expectations and motivations for ESG investing, with

25% of respondents saying they are primarily motivated by ethical considerations and

only 7% by return expectations.

Risk perception We �nd an inverse and statistically signi�cant relationship be-

tween the perceived risk of ESG investments and the probability of investing in ESG

funds. This seems reasonable, as we expect survey respondents to invest less in sustain-

able funds if they perceive them to be riskier � even more so as returns do not appear

to be their primary motive. In contrast, Gutsche and Zwergel (2020) do not �nd any

relationship between perceived higher risks of sustainable funds and investments in

sustainable funds. Bauer and Smeets (2015) investigate the risk perceptions of retail

investors with regard to SRI funds and �nd that these investors do not expect higher

risks from such investments compared to conventional funds. Rather, they expect such

investments to have both higher returns and lower risk, indicating that investors might

have a poor understanding of the relation between risk and return on securities, or that

they are overcon�dent about sustainable investments.

Political preferences We �nd that Green Party and Left party voters are more

likely to invest sustainably than CDU/CSU voters (i.e., the reference category in Ta-

ble III.13), while voters from the pro-business party FDP and the far-right party AfD

are less likely to do so. In general, these �ndings, in particular the e�ects observed for

the Green Party voters, are in line with the literature. Based on an experiment with

German households, Gutsche and Zwergel (2020) show that participants with an ecolog-
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ical political identi�cation invest more sustainably in a stated choice experiment. Briere

and Ramelli (2021) demonstrate that French individuals living in regions with a high

share of Green Party voters invest more sustainably. For the U.S., Giglio et al. (2025)

�nd that there is a higher ESG participation by retail investors resident in predomi-

nately Democratic areas compared to Republican ones. Even Anderson and Robinson

(2021), who �nd no relationship between green attitudes and sustainable investment,

still provide evidence for a strong association between voting in favor of the Swedish

Green Party and ESG investing.

Social preferences and trust We show a positive and statistically signi�cant

relationship between social preferences (for both �social preferences� and �social prefer-

ences, costly�) and the probability of investing in ESG funds. Riedl and Smeets (2017a)

and Gutsche et al. (2023) �nd that social preferences are key to investing in sustainable

funds in general, but they do not explain how much wealth is allocated to these funds.

Bauer et al. (2021) show that social preferences rather than �nancial beliefs drive the

choice for more sustainability. Our results also show a positive correlation between trust

and ESG investing. This is in line with Gutsche and Zwergel (2020), but not perfectly

aligned with Filippini et al. (2024b), who do �nd positive correlations, but except for

one model they are insigni�cant.

Time and risk preferences We �nd a positive, but statistically insigni�cant cor-

relation between time preferences and the likelihood to invest in ESG funds. This is

broadly consistent with Bauer et al. (2022) who report that individuals with a longer-

term perspective are more signi�cantly likely to invest in a sustainable funds. Turning

to risk preferences, we �nd that such preferences negatively predict sustainable invest-

ments. This is in line with Bauer and Smeets (2015), but not fully consistent with

Filippini et al. (2024b) who �nd a weakly positive relationship between risk preferences

and ownership of sustainable �nancial products. Likewise, Riedl and Smeets (2017a)

�nd a positive correlation between risk tolerance and the amount invested in sustainable

equity funds, but no signi�cant impact on the probability of investing in a sustainable

manner.

Financial experience The correlation between �nancial experience and likelihood
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of investing in ESG products is zero in our data. This suggests that having �nancial

experience doesn't make one more or less likely to invest in ESG funds. Anderson and

Robinson (2021) �nd that households that exhibit strong pro-environmental behaviors

and beliefs are �nancially disengaged and generally uninterested in �nancial matters.

In addition, Kaustia and Torstila (2011) show that left-wing investors are less inclined

to invest in stocks because of their general aversion toward �nancial markets. Briere

and Ramelli (2021) report that the o�ering of sustainable investment options increases

the willingness of investors, including those with a strong pro-social orientation, to

participate in �nancial markets due to a better value alignment. Thus, if these indi-

viduals do invest, their investments are likely more driven by environmental and social

considerations than by �nancial expertise.

Talks often about investments Riedl and Smeets (2017a) use this variable as

a proxy for social signaling and report that investors who talk more often about their

investments are more likely to invest in a socially responsible way. In our experiment,

we �nd the opposite result. However, as Riedl and Smeets (2017a) note, this variable

is likely not a pure measure of social signaling. Instead, it may also be associated

with other determinants of sustainable investing, such as �nancial experience or �nan-

cial engagement. In particular, we expect that individuals who are more �nancially

engaged are also more likely to talk about their investments with their peers. The ob-

served negative relationship between the variable �talks often about investments� and

the probability of investing in ESG funds seems to con�rm this and might once again

suggest that individuals with strong sustainability preferences are more disengaged from

�nancial decisions.

Perceived impact We �nd a positive and statistically signi�cant relationship be-

tween perceived impact and the likelihood of investing in ESG funds. This is consistent

with studies using similar variables. Riedl and Smeets (2017a) report that people who

perceive ESG funds as having a positive impact on society have a higher likelihood

of holding ESG equity. Brodback et al. (2019) �nd such a positive relationship in a

survey among retail investors on the relative importance of social responsibility. In ad-

dition, Heeb et al. (2022), �nd no e�ect of the actual impact in their main experiments
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but some e�ect using the comparability treatments, which might point to the positive

in�uence of perceived impact on sustainable investments.

In sum, the correlations found in our dataset are broadly in line with the patterns

and relationships observed in the literature. This validates our dataset and strengthens

its external validity, and consequently our main results.

III.5 Discussion & implications

In this paper, we show that knowledge about sustainable investments combined with

at least moderate sustainability preferences can signi�cantly in�uence sustainable in-

vestment behavior. In particular, we show that an educational brochure designed to

increase sustainable �nance literacy increases the probability of investing in an ESG-

labelled fund by around 9%, of which around 4 to 5% are causally mediated by an

increase in sustainable �nance literacy. We also show that the brochure leads partic-

ipants to consciously use more ESG criteria in their investment decisions by around

20%. Around two-thirds of this e�ect size can be attributed to sustainable �nance

literacy. However, the brochure does not work for participants with low sustainability

preferences, and there is some weak evidence that it might even reduce their willingness

to invest sustainably. For participants who decided to invest sustainably, the brochure

also increases the probability of investing in �dark green� article 9 funds, compared to

�light green� article 8 funds, by around 12%.

Our study entails some limitations, which warrant careful consideration but also may

highlight the potential for further research. One of the primary limitations of our study

is that it relies on a sample of German participants recruited through Proli�c, which

may not fully represent the diversity of characteristics and preferences of retail investors

worldwide. In particular, the �nancial literacy of our participants is uncharacteristically

high. Future research could therefore extend our �ndings to additional geographical and

cultural backgrounds, preferably by conducting �eld experiments in an actual �nancial

context, and including a �ner measure for �nancial literacy. This approach would

provide a more complete understanding of the generalizability of our �ndings across
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di�erent investor demographics.

Furthermore, in keeping with Filippini et al. (2024b)'s de�nition of sustainable �-

nance literacy, a portion of our brochure is focused on the regulatory context of the

EU, and in particular, the SFDR. Future research could explore the adaptation of ed-

ucational materials to other regulatory contexts. This approach would provide further

insights into the de�nition of sustainable �nance literacy and the e�ectiveness of tailored

educational content in promoting sustainable investment behavior.

In addition, our study focuses on the immediate e�ects of providing an educational

brochure on participants' investment decisions. While this is a faithful implementation

of our research question, for practical purposes, it would be desirable to gain further

insights into the longer-term impacts of sustainable �nance literacy. Tracking partic-

ipants' investment decisions over time could shed light on whether such a brochure

treatment is e�ective in the long run and has a lasting impact on investment behavior.

By using screenshots of funds o�ered by a bank through an online �nancial account,

the selection environment of our experiment has high external validity, but it is also ac-

companied by a simpli�ed and standardized presentation of information. This selection

may not be universally applicable, as some retail investors may face a broader range

of ESG information in other investment situations. As Anderson and Robinson (2021)

point out, one of the biggest challenges in making sustainable investment decisions is

overcoming the informational hurdles associated with such decisions. In other words,

in an environment with many di�erent sources of information that are presented in a

non-standardized way, the task of choosing a sustainable fund that matches one's sus-

tainability preferences might be more di�cult than in our environment. In addition,

even the task of searching for reliable and trustworthy information can be daunting,

which might deter investors from investing sustainably in the �rst place. Both these

arguments suggest a larger role of sustainable �nance literacy in the �eld, which we

cannot capture in our experiment. Future research might delve into that aspect.

Our results, combined with this argument, also provide important implications for

the way ESG-related information should be displayed and communicated to retail in-

vestors. The fund classi�cation emerging from the SFDR lowers information hurdles
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substantially. That such a simpli�cation of the choice environment is useful might best

be illustrated by the results of the additional analyses, where we show that the spe-

ci�c knowledge about the SFDR's article 9 increases the probability of choosing such

funds. It is unlikely that we would �nd such results if the requirements behind article 9

were not condensed into such a concise format � the caveat being, of course, that such

requirements are implemented and enforced faithfully, and that this classi�cation does

not degrade into a tool for greenwashing.

Our �ndings also have important implications for policymakers. Policymakers in the

EU are increasingly emphasizing, for example through MiFID II, the need for �nancial

professionals to assess and take into account their clients' sustainability preferences

when making investment recommendations. While this focus on quantifying sustain-

ability preferences is justi�ed, our research highlights a potential pitfall of exclusively

concentrating on preferences without considering individuals' knowledge of sustainable

investments. In particular, our �ndings show that it is equally important to assess retail

investors' knowledge of sustainable investments. Policymakers should therefore strive

to strike a balance between measuring ESG preferences and promoting sustainable �-

nance literacy. This entails ensuring that retail investors have access to educational

resources and information that allow them to make informed decisions.

III.6 Conclusion

We present evidence that investors' sustainable investment behavior is not only driven

by their ESG preferences, but also by their knowledge of sustainable �nancial prod-

ucts. We arrive at this result using a pre-registered experiment based on a large sample

of German participants recruited through the Proli�c platform. Our �ndings have

important implications for our understanding of how to model and predict investors'

sustainable investment behavior. Moreover, our research bears implications for policy-

makers seeking to integrate sustainability considerations into the �nancial system and

to steer capital �ows towards sustainable investments.
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Raising their voices: Shareholder soft engagement on

ESG issues at annual general meetings

Abstract

The right to speak and ask questions at annual general meetings (AGMs)

represents one of the few avenues for shareholders to interact directly and

publicly with the �rm's management. We examine the tone and content of

shareholder communication during AGMs with a focus on environmental,

social, and governance (ESG) issues. Using AGM transcripts of U.S. com-

panies between 2003 and 2022, we �nd that institutional shareholders are

more vocal about sustainability issues than their non-institutional counter-

parts. Shareholders are especially vocal and critical at AGMs of �rms with

poor sustainability performance. The negative tone is associated with lower

approval rates for management and director proposals, but not with higher

approval rates for ESG proposals, illustrating that shareholders �walk the

talk� to varying degrees. Overall, shareholder soft engagement at AGMs

complements voting as part of a broader spectrum of shareholder activism.

JEL Classi�cation: G03, G23, G34, G39

Keywords: Shareholder engagement, annual general meeting, ESG, textual analysis
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IV.1 Introduction

Annual general shareholder meetings (AGMs) at publicly listed companies are a key

corporate governance ritual. Beyond voting on speci�c agenda items, AGMs provide

shareholders with a platform to interact with management, discuss the company's past

performance and future strategy, ask questions and express their views � essentially

exercising their �voice� (Cuñat et al., 2015). Although AGMs have been criticized as

overly scripted events that simply rehash �old news� to shareholders (Short and Keasey,

1999), they o�er a distinct advantage when used actively: they grant all shareholders,

regardless of the size of their ownership stake, the right to engage in a public, direct,

individual and therefore comparatively nuanced dialogue with the �rm's management

(Monks et al., 2004).

Unlike other common engagement mechanisms, such as �ling proposals or engaging

in private negotiations � options generally only accessible to large investors (Gillan and

Starks, 1998; Denes et al., 2015; McCahery et al., 2016; Hoepner et al., 2023) � the

AGM dialogue stands out as a particularly cost-e�ective engagement option for share-

holders seeking to voice their concerns and press for corporate reform (Van der Elst,

2011).1 This form of communication is not only public and direct, but also unrestricted

by speci�c time constraints, making it attractive for a wide range of shareholders. Dif-

ferent groups such as trade unions, religious organizations, non-governmental organiza-

tions (NGOs), as well as non-institutional shareholders, including employees and small

individual shareholders, have increasingly embraced this �soft� form of engagement to

�look managers and directors in the eye� and raise key concerns during AGMs. With

shareholders able to submit questions remotely (e.g., via a chat), this trend has even

persisted with the rise of digital and hybrid AGMs (Gao et al., 2020; Brochet et al.,

2023).

1For example, to �le a proposal, shareholders are required to own at least $2000 US in market
value, or 1%, of the company's securities for at least one year. In addition, shareholders may submit
only one proposal, which has to be worded as a request or a recommendation, and may only address
speci�c topics (O'Rourke, 2003). Thus, management often excludes proposals by citing limitations
on permissible topics. In addition, non-institutional shareholders, who typically have fewer resources,
may face the added challenge of hiring legal expertise or mobilizing other shareholders (Norli et al.,
2014; Flammer et al., 2021).
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Since statements made during an AGM are not only witnessed by other shareholders,

but may also attract the attention of the �nancial media, this form of public engagement

allows the views expressed to quickly gain wider visibility (Dimitrov and Jain, 2011). In

addition, if management fails to adequately address the concerns raised, media reports

may generate widespread discussions that could harm the �rm's reputation (O'Rourke,

2003; Cranenburgh et al., 2014; Gomez-Carrasco and Michelon, 2017; Benton and You,

2018). As a result, the possibility of facing sharp criticism from shareholders during

AGMs represents a signi�cant concern for managers (Cepuk, 2007).

The AGM dialogue gains particular relevance when considering that shareholders'

expectations have evolved considerably in recent years, moving beyond a sole focus on

�nancial aspects to also encompass broader sustainability considerations. This shift is

re�ected in the growing number of sustainability-related proposals brought to a vote at

AGMs, underscoring investors' growing e�orts to push environmental and social issues

higher up the corporate agenda (Flammer et al., 2021; Grewal et al., 2016; Krueger

et al., 2020; Hoepner et al., 2023). However, since shareholder proposals are non-

binding and unlikely to be implemented (Levit and Malenko, 2011), their impact is

often limited. Furthermore, these proposals, along with other forms of investor engage-

ment, predominantly re�ect the interests of large and sophisticated investors (Brochet

et al., 2023; Barko et al., 2021; Flammer et al., 2021; Hoepner et al., 2023). As a re-

sult, shareholders with more limited resources may be increasingly turning to the AGM

dialogue as a means of holding management accountable for their track record on sus-

tainability issues. For example, a study on AGMs of Dutch listed companies found that

sustainability-related questions and comments increased from about 2% in 2004 to over

20% in 2017 Lafarre and Van der Elst (2018). In this paper, we provide evidence that

the AGM dialogue has emerged as an important channel for shareholders to engage on

these issues.

While extensive research has examined various facets of shareholder engagement

� such as the activities of large investors with portfolio companies, the submission of

shareholder proposals, and voting behavior (see e.g., Cuñat et al., 2015; Aggarwal et al.,

2019; Dikolli et al., 2022; Hoepner et al., 2023) � relatively little attention has been

IV-139



CHAPTER IV. AUZEPY ET AL. (C)

given to the practice of shareholders voicing their concerns during AGMs as another

form of engagement. In this paper, we use the term of �soft engagement� to describe

the act by shareholders of making statements (e.g., by asking questions or sharing a

comment) during AGMs. Our focus is speci�cally on shareholder soft engagement re-

lated to environmental, social and governance (ESG) issues. Motivated by the growing

importance of sustainability issues for shareholders, this paper aims to provide a com-

prehensive and detailed analysis of the AGM as a platform for shareholder engagement

and interaction with company management. As sustainability issues, including those

related to climate change, grow in importance and complexity, understanding share-

holder perspectives on these issues also becomes increasingly critical. As such, AGMs

serve as a unique forum where diverse shareholder views are expressed and represented.

Furthermore, considering the recent politicization of ESG topics in the United States

(Edmans, 2023b), the US context provides a particularly compelling and relevant set-

ting for examining these increasingly polarizing issues.

In this paper, we analyze three key aspects. The �rst focuses on shareholders who

raise their voices on ESG issues, and their de�ning characteristics. We examine the

types of shareholders engaging in such AGM dialogue, the range of sustainability topics

they address (i.e., their �ESG-related communication�), and the extent of this ESG-

related communication. In particular, we document how di�erent types of institutional

and non-institutional shareholders actively engage on these issues at the AGM. In addi-

tion, using data related to the geographical location of the AGM participants, we assess

the role of the �political environment� in this context. For the purposes of this study,

we de�ne the political environment as the partisan orientation of the US states in which

the shareholders reside or are headquartered. We categorize it as Republican-leaning

or Democratic-leaning based on voting patterns in presidential elections.

The second aspect focuses on the �rms as �targets� of shareholder soft engagement on

ESG issues. In particular, we analyze how such engagement relates to the sustainability

performance of the �rms holding their AGMs. Prior studies have shown that AGMs

generate strong attention among shareholders and are particularly contentious events

when investors are dissatis�ed with the �rm's �nancial performance (Dimitrov and
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Jain, 2011). For example, critical questions about executive compensation are more

likely to be raised at shareholder meetings following a poor performance of the share

price (Cepuk, 2007). We assess whether a comparable dynamic may be observed for

corporate ESG performance. In particular, we assess whether shareholders are more

likely to address ESG issues in their AGM statements when a �rm's ESG performance is

weaker, as measured by its ESG rating. Furthermore, we analyze the tone of shareholder

statements, focusing on the negativity of their language, and examine whether such tone

also relates to the ESG performance. The underlying intuition is that shareholders may

be particularly attentive to sustainability issues if they consider managerial performance

in this area to be lacking. In addition, they may also express their discontent at the

AGMs by raising concerns with a negative tone.

The third aspect pertains to AGM proposals. Beyond the idea of �one share, one

voice�, AGMs play a critical role in enabling shareholders to vote on various agenda

items (i.e, �one share, one vote�). These voting items may be initiated by manage-

ment (management-sponsored proposals) or by shareholders themselves (shareholder-

sponsored proposals).2. We therefore examine the relationship between shareholder

soft engagement and voting behavior with respect to both management-sponsored and

shareholder-sponsored proposals. The �rst underlying premise is that shareholder soft

engagement at AGMs may serve as a �barometer� of broader shareholder sentiment,

re�ecting either approval or discontent with management's performance. As a result,

there may be a relationship between such sentiment, as re�ected in shareholder tone,

and voting behavior. The second premise is that AGMs may serve as a platform for

speci�c shareholder groups to mobilize support for their proposals, particularly those

related to ESG issues. By vocally expressing their views at AGMs, shareholders may

seek to rally their peers and garner support for their cause. We examine both premises.

To address these questions, we study a large sample of 1,813 AGM transcripts from

U.S. �rms over the time period 2003 to 2022. We explicitly focus on statements made

2Depending on the format of the AGM, shareholders may submit their vote at the meeting in person
or online. Many �rms also provide shareholders with the possibility to submit their vote in advance
of the AGM, e.g., by mail. Shareholders who cannot attend the AGM can appoint a proxy, i.e., a
representative or another individual to vote on their behalf.
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by shareholders during these meetings. In our analyses, we employ a textual analy-

sis approach to examine the content and tone of shareholder communication (Hillert

et al., 2014; Tetlock, 2007; Price et al., 2012). We draw on two established dictionar-

ies: the dictionary of Loughran and McDonald (Loughran and McDonald, 2011) and

the Harvard IV-4 psychosocial dictionary (Tetlock, 2007), which are designed to cap-

ture negative tone in a �nancial and sociological context, respectively.3 In addition,

we also add to the literature by developing a dictionary designed to capture the envi-

ronmental, social and governance words in shareholder communication. Based on this

newly created dictionary, we calculate the share of words in shareholder AGM state-

ments that pertain to environmental, social and governance topics. We also classify the

shareholder statements according to ten �ne-grained categories of institutional and non-

institutional shareholders to better capture nuances in shareholder characteristics and

preferences. Our classi�cation comprises the following ten categories: individual share-

holder, (former) employee, trade union, asset manager, public asset manager, religious

asset manager, analyst, NGO, religious organization, proxy.4

Our analyses deliver the following sets of results. First, our �ndings indicate that

ESG topics are an integral part of shareholder soft engagement at AGMs, with all

categories of shareholders in our sample addressing ESG-related issues. At the same

time, we also �nd that these categories of shareholders attach varying degrees of im-

portance to di�erent ESG issues according to their preferences. For example, religious

asset managers5 and NGOs are among the shareholder types that contribute most to

the share of environmental words relative to individual shareholders. This is in line

with earlier studies underlying that these shareholder categories were among the �rst

investors to integrate sustainability considerations into their investment process and

are nowadays important actors in the �eld of responsible investments (see e.g., Gillan

3In the following, we refer to these dictionaries as �LMD dictionary� and �Harvard-IV dictionary�.
4We provide a detailed description of the various shareholder categories assessed in our study in

Section IV.2.2 of this paper. Examples of statements by each shareholder category can be found in
Appendix F.

5For example, we make a distinction between di�erent types of institutional shareholders, including
�religious� asset managers, such as church pension funds and faith-based investment �rms, and �public�
asset managers, including public sector funds and public pension funds like the Illinois State Board of
Investment.
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and Starks, 1998; Hong and Kacperczyk, 2009; Louche et al., 2012). Furthermore, we

�nd that trade unions are comparatively more vocal about social issues, in line with

the notion that trade unions represent the collective interests of workers and employ-

ees, and resort to shareholder engagement to safeguard their interests (see e.g., Marens,

2004; Anderson et al., 2007; Sjöström, 2009).

Considering the distinction between institutional and non-institutional sharehold-

ers, we �nd that institutional shareholders (especially asset managers, religious asset

managers, and public-sector investors) are more vocal about ESG issues than small,

non-institutional shareholders. Therefore, while AGMs provide a uniquely democratic

platform where even the smallest shareholders can participate, our results suggest that

non-institutional shareholders do not use this forum as prominently as institutional

shareholders to advocate for ESG issues. This relationship is also partly shaped by

the political orientation of the US states where shareholders are geographically located.

Individual shareholders in Republican-leaning states are even less likely to address ESG

issues at AGMs compared to those in Democratic-leaning states. For institutional share-

holders, the in�uence of the political environment is less pronounced, though. Overall,

we �nd that institutional investors actively engage on ESG issues in their AGM state-

ments, and this engagement is not signi�cantly constrained when their headquarters

are located in Republican-leaning states.

Second, our analysis reveals a negative relationship between a �rm's ESG perfor-

mance and the prominence of ESG-related words in shareholder communication dur-

ing AGMs. Speci�cally, �rms with a higher ESG performance, as measured by their

industry-adjusted ESG ratings, attract a lower proportion of shareholder statements

addressing ESG issues. This relationship is most pronounced when examining the over-

all ESG ratings but also holds, albeit to a lesser extent, when considering the individual

pillar scores. For example, shareholders engage less on social issues at the AGMs of

�rms with a comparatively higher social performance. Likewise, we �nd some evidence

that �rms with stronger governance performance see fewer shareholder statements ad-

dressing governance-related concerns. As a next step, we look more closely at the

tone of shareholder statements. Similar to the relationship between ESG performance
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and ESG-related shareholder communication, we �nd that stronger overall ESG per-

formance is associated with a less negative tone of shareholder statements, as captured

by the LMD and Harvard-IV dictionaries.

Third, we show that shareholders only partly �walk the talk� when it comes to

proposals. On the one hand, we �nd that a more negative tone in their statements

is associated with lower approval rates for management-sponsored proposals. Further-

more, we also �nd that this relationship is particularly strong for management propos-

als related to director elections or re-elections. This supports the idea that shareholder

tone at AGMs serves as a barometer of broader shareholder sentiment. On the other

hand, we do not �nd evidence that a more negative tone and a higher proportion of

ESG-related communication during AGMs are associated with an increased support for

ESG proposals. Thus, while some shareholders who voice ESG concerns during AGMs

may be more likely to vote in favor of such proposals (see e.g., Dikolli et al., 2022),

this verbal engagement does not appear to have a strong mobilizing e�ect and trans-

late into broader support for other shareholder-sponsored proposals as another form of

shareholder advocacy.

In sum, our paper is one of the �rst to comprehensively examine the role of share-

holders in shaping the AGM dialogue with respect to sustainability issues. In doing

so, we contribute to several research streams. First, we add to the research on direct

interaction settings between management and shareholders. Previous studies have fo-

cused on settings such as investor conferences (Zhang, 2022), earnings conference calls

(Matsumoto et al., 2011; Blau et al., 2015; Dzieli«ski et al., 2022), and internal investor

relations functions (Chapman et al., 2022). Unlike AGMs, these forums typically cater

to sophisticated investors (Brochet et al., 2023). In contrast, AGMs, which o�er a

broader and more democratic platform for interaction, have received comparatively less

scholarly attention. Notable exceptions include Brochet et al. (2023) and Gao et al.

(2020), who explore the determinants and outcomes of virtual shareholder meetings,

and Dimitrov and Jain (2011), who highlight how managers attempt to mitigate share-

holder pressure by reporting favorable news ahead of shareholder meetings. The authors

conclude that AGMs are an �important corporate governance mechanism, so much so
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that managers attempt to in�uence shareholders� (p. 1198, Dimitrov and Jain 2011). In

addition, Lafarre and Van der Elst (2018) document a substantial increase in the share

of sustainability-related questions asked by institutional shareholders of Dutch listed

companies. Our �ndings therefore contribute to the limited body of research on AGMs

by examining both the tone and ESG-related content of shareholder communication

during these meetings.

Second, our study contributes to the growing body of literature on shareholder

engagement and sustainability issues. Consistent with Flammer et al. (2021), our �nd-

ings highlight that shareholders are not a monolithic group, but exhibit heterogeneity

in their objectives and preferences. AGMs serve as an important forum where various

types of shareholders, each with their own history of ESG engagement, can express

their views. For example, endowment funds of religious organizations and political

groups were historically among the �rst to use the shareholder proposal process to ad-

dress social and environmental concerns (Gillan and Starks, 1998). By the mid-1980s,

public pension funds and individual activist shareholders, often referred to as �corpo-

rate gad�ies�, also became prominent �lers of shareholder resolutions at AGMs (Gillan

and Starks, 1998; Gantchev and Giannetti, 2020; Wang and Mao, 2015). Furthermore,

NGOs began purchasing shares to initiate CSR-focused lobbying campaigns and dis-

rupt shareholder meetings (Subramanian, 2020). More recently, a growing number of

more traditional institutional investors have joined initiatives like the Principles for Re-

sponsible Investment (PRI) to advocate for the inclusion of social and environmental

factors in investment strategies (Flammer et al., 2021). Our study therefore provides

valuable insights into the soft engagement pursued by these diverse actors via the AGM

dialogue.

In addition, our paper sheds light on the role of shareholders as �norm promoters�,

who leverage their position of ownership to drive change � not only in the traditional

corporate governance sense, but also increasingly in terms of corporate social responsi-

bility (Sjöström, 2009). This form of �norm entrepreneurship� is increasingly supported

by both �nancial and non-�nancial motivations (see e.g., Sjöström, 2009; Renneboog

et al., 2008; Riedl and Smeets, 2017b). Denes et al. (2015) note that shareholder
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activism is motivated by attempts to improve the �nancial performance of poorly per-

forming �rms as re�ected in stock returns, return to sales and market to book ratio.

More recently, a survey of institutional investors conducted by Krueger et al. (2020)

showed that drivers of shareholder engagement on environmental issues are now also

linked to factors such as: the need to protect corporate reputation, ful�ll legal and

�duciary responsibilities, and adhere to moral or ethical principles. Our study builds

on and extends this empirical evidence by exploring the extent to which shareholders

act as agents of change, particularly in contexts where managerial performance in ESG

areas falls short.

The remainder of this paper proceeds as follows: Section IV.2 describes our sample

and the variables construction. Section IV.3 outlines our methodology. Section IV.4

presents and discusses the �ndings, while Section IV.5 o�ers concluding remarks and

implications.

IV.2 Data and summary statistics

IV.2.1 AGM transcripts and shareholder statements

We obtain a total of 3,553 AGM transcripts available for U.S. �rms from the Re�nitiv

database. These �rms were listed on the NYSE or NASDAQ at least once between

2003 and 2022.6 The AGM transcripts are in a text �le (�txt�) format and capture

the verbatim of speeches and presentations delivered by the board of directors. They

also contain the statements made by the shareholders, including those made during

the questions-and-answers sessions, and therefore provide a textual record of the inter-

actions between management and shareholders. In addition, the transcripts typically

provide a short overview of the participants who spoke during the meetings. This in-

formation consists of the names of the directors and the names of the shareholders
6Re�nitiv only began collecting AGM transcripts systematically in 2017 (including retroactively),

which is why the sample size is smaller for the earlier years in our sample period. In the U.S., AGMs are
governed by state law (Brochet et al., 2023). While listed �rms are required to hold AGMs, there is no
state law that mandates the provision of a written, audio, or video record of these meetings. However,
the bylaws or internal policies of individual �rms may include speci�c requirements regarding the
recording and distribution of AGM proceedings (Brochet et al., 2023).
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who spoke, together with their a�liations. Some shareholders, however, are listed as

�unidenti�ed participants�.

Since AGM transcripts are not mandatory, there is also no clear-cut content and

format of textual data that we can automatically extract for our empirical analysis. As

we are only interested in shareholder communication at AGMs, we manually remove all

statements made by company representatives (e.g., board members) and make sure to

keep only the questions and comments made by shareholders in the text �les. Share-

holders can participate in AGMs in various ways, and their interventions are not limited

to brief questions; they may also include a�rmative statements, such as suggestions, or

comments on issues raised by the board of directors (Lafarre and Van der Elst, 2018).

In addition, as shareholders have the opportunity to submit written questions prior

to the meetings, it is common practice for board members to respond to these questions

by quoting and elaborating on them directly during the AGMs. These questions are also

included in our analyses as they may re�ect important concerns of shareholders. We

assume that board members do not materially change the wording of these questions

by repeating them. For example, we classi�ed the following pre-submitted question as

shareholder statement, which was read by the director of Investor Relations of PNC

Financial Group during an AGM in 2021: �We received a question asking if we are

considering a stock split, why or why not? And if yes, what timing or conditions would

you like to see before taking that action?�. Further examples of shareholder statements

are provided in Appendix F. Furthermore, we drop all transcripts that do not comprise

any comments, remarks or questions from shareholders. This leaves us with a sample

of 1,978 transcripts covering 650 unique �rms.7

Table IV.1 shows the frequency of transcripts by year. We note that the largest share

of transcripts in our sample comes from the year 2020. Speci�cally, AGM transcripts

from 2020 constitute 19.77% of the total sample, representing 858 �les, 391 of which

include shareholder statements. Interestingly, we also �nd that more recent transcripts

tend to have a lower average word count. This may be related to the COVID-19

7This sample size aligns closely with prior literature. For example, Brochet et al. (2023) analyze a
sample of 1,432 virtual or hybrid AGMs held by 426 unique �rms between 2000 ad February 2020.
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Table IV.1: Frequency of AGM transcripts by year.

Year N transcripts N transcripts with
shareholder statements

% of sample Mean total
words

2003 5 4 0.20% 1031.000
2004 34 29 1.47% 1255.413
2005 46 42 2.12% 1153.381
2006 75 59 2.98% 1045.016
2007 91 67 3.39% 1151.731
2008 98 72 3.64% 1127.708
2009 93 75 3.79% 1792.053
2010 89 68 3.44% 1692.661
2011 76 56 2.83% 1777.321
2012 89 68 3.44% 1295.676
2013 76 53 2.68% 1419.754
2014 70 51 2.58% 1440.039
2015 63 47 2.38% 1572.319
2016 56 39 1.97% 1352.794
2017 217 137 6.93% 1094.503
2018 263 154 7.79% 946.649
2019 278 166 8.39% 970.656
2020 858 391 19.77% 356.744
2021 739 343 17.34% 421.251
2022 216 57 2.88% 377.110

Total 3,553 1,978 100%

Remark: This table presents the frequency of AGM transcripts by year and the mean of total words
per year in our sample.

pandemic, which prompted many �rms to switch to virtual AGM formats and initiated

a widespread move towards holding AGMs in virtual or hybrid formats in subsequent

years (Brochet et al., 2023). In general, virtual AGMs are substantially shorter than in-

person meetings, with business presentations being shorter and more generic (Brochet

et al., 2023). However, in the context of our analysis, we did not di�erentiate between

in-person meetings and virtual meetings as both formats represent an opportunity for

shareholders to ask questions (Brochet et al., 2023; Gao et al., 2020).

Table IV.2 provides the industry breakdown of the �rms in our sample for which

we have AGM transcripts, based on their GICS classi�cation. We observe that the

Financials sector accounts for the largest share of AGM transcripts (17.95%), followed

by the Health Care sector (14.41%), Consumer Discretionary (12.99%), and Industri-
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Table IV.2: Frequency of AGM transcripts by sector.

GICS Sector N %

Communication services 108 5.46%
Consumer discretionary 257 12.99%
Consumer staples 200 10.11%
Energy 66 3.34%
Financials 355 17.95%
Health Care 285 14.41%
Industrials 239 12.08%
Information technology 200 10.11%
Materials 92 4.65%
Real estate 59 2.98%
Utilities 117 5.92%

Total 1,978 100%

Remark: This table presents the frequency of AGM transcripts to GICS classi�cation sector codes.

als (12.08%).

IV.2.2 Shareholder types and geographical location

A �rm's shareholder base is composed of institutional and non-institutional investors,

with considerable di�erences in terms of their resources, preferences and objectives

(Flammer et al., 2021). To account for this heterogeneity in a more granular way,

we manually classify each of the shareholder statements in our sample according to a

prede�ned shareholder category. To do so, we employ categories that appear in prior

literature on shareholder activism. With respect to institutional investors, Flammer

et al. (2021) distinguish between public pension funds, socially responsible investment

(SRI) funds, special interest investors, and asset management funds. In the case of non-

institutional investors, Flammer et al. (2021) identify individual, union, religious, and

other shareholders. In their analysis of shareholder-sponsored proposals, Grewal et al.

(2016) use the categories individuals, public pension funds, religious groups, SRI funds,

special interest groups, union funds, and coalitions. Benton and You (2018) di�erentiate

between investment funds (e.g., mutual funds), public pensions (e.g., California Public

Employees Retirement System), religious and SRI funds, special interest groups, and
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union-a�liated pension funds. Giuli et al. (2023) examine union-a�liated sponsors,

such as private-sector labor unions and retiree associations, and the role of union-

sponsored shareholder proposals. Agrawal (2011) and Grant (2021) study how unions,

through their pension funds, use their position as shareholders to in�uence corporate

behavior. Finally, Guay et al. (2004) discuss the role of NGOs as institutional investors

and their in�uence in shaping socially responsible investing.

We extend the literature by introducing additional, �ne-grained shareholder cate-

gories identi�ed in our sample. Since shareholders typically disclose their identity prior

to asking a question or making a comment, we determine the shareholder category

based on the a�liation and the content of the statement. Overall, our classi�cation

comprises the following ten categories of shareholders: individual shareholder, (former)

employee8, trade union, asset manager, public asset manager, religious asset manager,

analyst, NGO, religious organization, proxy. Appendix F provides an overview and

examples for each shareholder type. Furthermore, we also add the category �none� for

shareholder statements that cannot be classi�ed due to a lack of information.

Our analysis encompasses a detailed classi�cation of institutional and non-institutional

shareholders. Among the institutional shareholders, we classify portfolio managers rep-

resenting asset management funds, hedge funds, and mutual funds, i.e., entities typically

holding large stakes in portfolio companies, as �asset managers�. Large public-sector

investors, such as public pension funds (e.g., the Illinois State Board of Investment),

are categorized as �public asset managers�, while church pension funds and faith-based

investment �rms fall under the category of �religious asset managers�. AGM partic-

ipants from equity research divisions and investment banking institutions fall under

the category of �analysts�. AGM participants from trade unions (e.g., AFL-CIO) and

union a�liated pension funds (e.g., United Brotherhood of Carpenters Pension Fund)

are classi�ed as �trade unions�. In order to account for further types of shareholders, we

classify community-based associations, think tanks and foundations as �NGOs�. Fur-

thermore, we dedicate a speci�c category to �religious organizations� for churches and

church representatives. Finally, we categorize shareholder advocacy groups and proxy

8This category includes current and former employees, as well as company retirees
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advisory �rms as �proxy�.

In addition to institutional shareholders, our analysis considers non-institutional

AGM participants. Small retail investors are classi�ed as �individual shareholders�.

Since employees may own shares of their employer's stock and possess both shareholder

and employee rights (e.g., retirement savings plan o�ered by employers), we introduce

the category �(former) employees�. The term �former� is included in parentheses to

re�ect the inclusion of both current employees and former employees, such as retirees,

ex-employees, and representatives of retiree associations. Overall, we expect these var-

ious categories of institutional and non-institutional shareholders to have contrasted

sustainability preferences re�ected in their AGM statements.

We categorize each shareholder statement found in an AGM transcript according to

the previously outlined shareholder categories. A statement is de�ned as a segment of

text delineated as such within a transcript. To illustrate, let us consider an excerpt from

a 2004 AGM transcript of The Walt Disney Company. In this example, the transcript

contains a statement by an individual named Portia Spear. The transcript includes

her name and designation (i.e., Portia Spear, Shareholder), followed by her statement,

which consists of several sentences (e.g., �Mr. Chairman, members of the Board and

stockholders, my name is Portia Spear, and I am here today on behalf of the New York

City Pension System to present the fund's resolution on the implementation of Disney's

human rights labor standards in China. Over the last several years, reports of human

rights abuses in the overseas subsidiaries and suppliers of some U.S. corporations have

led to increased public awareness of issues such as child labor, sweatshop conditions, and

the denial of labor rights in U.S. corporate overseas operations (...).� The statement

concludes when the next speaker begins � in this case, Michael Eisner, Chairman

and Chief Executive O�cer, who is also identi�ed accordingly in the transcript. In

this example, we assign the category �public asset manager� to the statement made by

Portia Spear. As can be seen from this example, a statement can consist of several

sentences.

In addition to the above, we also manually gather and compile data on the geo-

graphical locations of the various shareholders in our sample. Shareholders, particu-
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larly non-institutional ones, sometimes disclose their place of residence when introduc-

ing themselves at the beginning of a statement. For example: �Hi, I'm Jill Strew from

Bellevue, Kentucky and I want to thank you for the ability to save money on gas. I really

like it. And I'm wondering when the Bellevue Market Place Kroger gas pumps will be

open. We've been looking at empty pumps for about a year. So if anybody could answer

that, I'd appreciate it. Thank you.� When such information is provided, we document

the city and state, incorporating it into our categorization of statements. Unless stated

otherwise, we assume that the shareholder resides in the U.S. In the example above, the

statement is classi�ed under the shareholder category �individual shareholder� and is

tagged with the city �Bellevue�, the state �Kentucky� and the country �United States�.

For institutional shareholders, such as asset management �rms and their asset man-

agers participating in AGMs, we collect data on the location of their company head-

quarters, as their representatives on AGMs rarely disclose their personal residence.9

However, it can generally be assumed that asset managers and analysts spend signif-

icant time at their headquarters or work near their �rms' headquarters (Di Giuli and

Kostovetsky, 2014). Furthermore, their statements are likely to be aligned with the

�rms' internal corporate position, justifying our choice to use these locations.

IV.2.3 Measures of negative tone and ESG communication

We measure the tone of shareholder communication by applying the �bag of words�

method, a widely adopted approach for textual analysis in �nancial research (Tetlock,

2007; Tetlock et al., 2008; Loughran and McDonald, 2011, 2015; Hillert et al., 2024). The

�bag of words� method collects words that express negativity or positivity, respectively,

compiles them into a corresponding dictionary and uses this dictionary to systematically

measure the tone of a text (Hillert et al., 2024). For our analysis, we focus speci�cally on

the negative tone, as prior research indicates that negative sentiment is easier to isolate

and less ambiguous than positive statements (see e.g., Loughran and McDonald, 2015).

In terms of negative word lists, we rely on two widely accepted dictionaries: the

9For consistency, we focus on the location of the asset management �rm as the shareholder, rather
than the company representative, who may not be a shareholder themselves.
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Loughran and McDonald (LMD) negativity dictionary developed by Loughran and Mc-

Donald (2011) and the Harvard IV-4 psycho-social dictionary by Tetlock (2007). While

the �rst was developed to capture the sentiment in �nancial texts or communication,

the Harvard IV-4 dictionary was originally designed for psychological and sociological

contexts (Yang et al., 2019; Hillert et al., 2024). The use of the Harvard IV-4 dic-

tionary is particularly relevant in our context, as some shareholder groups � such as

nongovernmental organizations or religious organizations � are less likely to use �nan-

cial jargon in their statements compared to asset managers or �nancial analysts. These

shareholders may rely on everyday language rather than technical terminology, making

the dictionary by Loughran and McDonald (2011) potentially inadequate or insu�cient

for fully capturing the tone in their statements.

To re�ne our analyses, we adopt a term frequency and inverse document frequency

adjusted negativity measure, denoted asLMD �
tf:idf andHAR �

tf:idf , following the method-

ology in Loughran and McDonald (2011) and Hillert et al. (2024). This approach assigns

higher weights to words that appear frequently within a speci�c document (term fre-

quency, TF) but are relatively rare across an entire corpus (inverse document frequency,

IDF). The TF-IDF statistic therefore enhances the discriminatory power of less common

terms and addresses concerns that certain high-frequency words could disproportion-

ately in�uence our negativity measures (Gorovaia and Makrominas, 2024).10 Based on

the aforementioned dictionaries, the weight of the negative wordi in an AGM transcript

j is de�ned as:

LMD �
tf:idf =

(1 + log( tf i;j ))
(1 + log( tf j ))

� log
�

N
df i

�
(IV.1)

if negative word i occurs at least once in transcriptj and is zero otherwise.tf i;j is the

term frequency of wordi in transcript j , tf j is the average word frequency in transcript

j , N is the total number of transcripts, anddf i is the number of transcripts containing

negative wordi . While the �rst term, the term frequency, attenuates the impact of high-

10For example, Hillert et al. (2024) provide the example of the word �volatility�, which is often used
in a �nancial context but does not necessarily carry a negative connotation in the context of mutual
fund performance.
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frequency words by applying logs, the second term, the inverse document frequency,

modi�es a word's weight based on its commonality. The same calculation is used for

HAR �
tf:idf , where the Harvard IV-4 instead of the LMD dictionary is employed. Fur-

thermore, we follow the approach by Hillert et al. (2024) and standardize the negativity

measures to mean zero and unit variance.

In addition to the negative tone, we examine the ESG-related content of shareholder

communication (�ESG communication�) during AGMs. To do so, we develop a dictio-

nary that allows us to capture the share of environmental, social and governance words

in shareholder statements. We isolate these words in a staggered process. First, we

extract word lists found in relevant literature on climate change and corporate social

responsibility (Sautner et al., 2023; Vaupel et al., 2022; Briscoe-Tran, 2023). Second,

we complement these lists by manually collecting relevant keywords from the websites

of the Global Reporting Initiative (GRI), the Climate Disclosure Project (CDP), the

Task Force on Climate Related Financial Disclosures (TCFD), and the International

Labor Organization (ILO). Appendix G provides an overview of the ESG-related word

lists used in our analyses.

We then construct several metrics to quantify the ESG communication in share-

holder statements. The variableESG Sharej;t represents the share of environmental,

social, and governance words in the AGM transcriptj in year t, serving as a proxy

for ESG-related communication from shareholders. In addition, we de�ne separate

measures for each of the individual ESG pillars,ENV Sharej;t , SOC Sharej;t and

GOV Sharej;t , which capture the share of environmental (�E�) words, social (�S�) words

and governance (�G�) words, respectively. In addition, we account for the frequency

of ESG words by adjusting their share, using the term frequency inverse document

frequency approach, as outlined in equation IV.1. We label the resulting variables

ENV Sharetf:idf , SOC Sharetf:idf and GOV Sharetf:idf , respectively. We also stan-

dardize them to mean zero and unit variance. Unlike our negativity measures, we

include in some of our analyses both the unadjusted share of ESG-related words in

shareholder communication as well as the corresponding TF-IDF-adjusted statistic.

This approach allows us to account for the fact that some ESG terms may frequently
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appear across multiple transcripts, without reducing their overall weight.11

IV.2.4 Independent variables

To examine whether the tone of shareholder communication at the AGM is a�ected by a

�rm's sustainability performance, we gather ESG data for the companies in our sample

from the MSCI database. Speci�cally, we collect data on both the industry-adjusted

ESG scores and non-adjusted scores for the environmental, social and governance pil-

lars. In addition, we obtain data on the theme scores of the environmental pillar (i.e.,

environmental opportunities, climate change, waste management and natural resource

usage), the social pillar (i.e., human capital, product liability, and social opportuni-

ties) and the governance pillar (i.e., corporate governance and business ethics). MSCI

evaluates these factors on a scale from 0 to 10, where 10 denotes the highest level of

sustainability performance and 0 represents the lowest.

Methodologically, MSCI ESG ratings capture a company's risk exposure to key

ESG issues based on a granular breakdown of company characteristics, including the

company's business risk exposure in terms of revenue (e.g., core products or business

segments), assets or operations, as well as its geographical risk exposure based on these

same factors. Furthermore, the ratings consider company-level risk exposure elements

such as the number of employees, company size, reliance on government contracts, and

dependence on outsourced production (MSCI ESG Research LLC, 2024). Finally, they

also take into account the extent to which a company has developed robust strategies

and demonstrated a strong track record of performance in managing these speci�c level

of risks or opportunities. Ongoing or structural controversies lead to score deductions.

For our analyses, MSCI ESG ratings o�er several advantages compared to other

data providers. First, they cover a broad range of U.S. �rms over an extended period

(Grewal et al., 2016). Second, the ESG ratings provide a granular measure of a �rm's

environmental, social and governance performance focusing on key issues relevant to

11For example, some shareholder categories may use the word �climate� particularly frequently during
multiple AGMs. While we cannot determine if this is the case prior to our analysis, we aim to account
for this potential by incorporating both measurements, ensuring a more comprehensive measurement
of ESG-related communication.
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the industry in question. For example, under the environmental pillar, MSCI tracks

performance on carbon emissions, biodiversity & land use and raw material sourcing,

among other issues. As such, these ratings capture many aspects that may be of concern

to shareholders, making them particularly relevant for understanding soft engagement

at AGMs. Finally, MSCI ratings are widely used in academic studies investigating the

relationship between ESG and �nancial performance (see e.g., Pástor et al., 2022; Tsai

and Wu, 2022).

In our analyses, we control for confounding factors by including a battery of �rm-

speci�c variables using data from Re�nitiv. We account for�rm size by including log-

transformed total assets. To account for pro�tability and growth opportunities, we add

the �xed assets to total assets, net income to total assetsand capital expenditures to total

assets. Lastly, our set of control variables also comprises theleverage ratio, measured

as long-term debt divided by total assets (Ng and Rezaee, 2015). We winsorize the

control variables at the 1st and 99th percentiles. After dropping all transcripts that do

not contain any shareholder statements and merging them with ESG performance data

and control variables, our �nal sample consists of 1,813 AGM transcripts from 2007 to

2022 covering 502 unique �rms.

IV.2.5 Descriptive statistics

Table IV.3 presents the summary statistics of our sample. Panel A shows that the

average AGM transcript includes about 60 sentences and an average of 16 words per

sentence. As Table IV.1 already shows, the average number of words peaks in 2009

and remains relatively high until 2019. The drops from 2020 to 2022 can be explained

by the COVID-19 crisis and the fact that many AGMs took place in a virtual format.

In general, virtual AGMs have been found to be substantially shorter than in-person

meetings, with business presentations being shorter and more generic (Brochet et al.,

2023). However, in the context of our analysis, we did not di�erentiate between in-

person meetings and virtual meetings as both formats still represent an opportunity

for shareholders to ask questions and make comments (Brochet et al., 2023; Gao et al.,

2020).
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Table IV.3: Descriptive statistics.

N Mean Median Std. dev. Min. Max.

Panel A: Shareholder tone and ESG communication measures
Words per sentence 1,813 16.099 15.583 5.012 5.166 86.000
Number of sentence 1,813 59.557 25.000 103.350 3.000 1,133
HAR �

tf:idf 1,760 0.023 -0.379 1.128 -0.568 8.576
LMD �

tf:idf 1,722 0.044 -0.375 1.104 -0.695 8.336
ENV Share 1,813 0.017 0.011 0.019 0.000 0.143
SOC Share 1,813 0.025 0.0212 0.020 0.000 0.136
GOV Share 1,813 0.073 0.060 0.051 0.000 0.305
ENV Sharetf:idf 1,783 0.026 -0.379 1.073 0.055 8.631
SOC Sharetf:idf 1,783 0.051 -0.608 1.027 0.407 5.547
GOV Sharetf:idf 1,783 0.091 -0.261 1.086 0.456 5.747

Panel B: Sustainability performance variables
ESG Score 1,813 5.077 5.100 2.211 0.000 10.000
Environmental Score 1,813 5.912 5.800 2.351 0.000 10.000
Social Score 1,813 4.465 4.400 1.523 0.000 9.800
Governance Score 1,813 5.344 5.300 1.617 0.000 10.000
Environmental Opportunities Score 429 4.734 4.500 1.634 1.700 9.000
Waste Management Score 590 6.070 6.000 2.502 0.000 10.000
Climate Change Theme Score 1,478 7.331 8.000 2.631 0.000 10.000
Natural Resource Usage Score 1,244 6.693 6.400 2.484 0.000 10.000
Log(Scope 1) 1,734 10.996 10.592 2.9701 0.000 18.814
Product Safety Score 1,065 4.216 4.000 1.997 0.000 10.000
Human Capital Score 1,473 4.526 4.400 1.930 0.000 10.000
Social Opportunities Score 427 4.437 4.500 1.551 0.700 7.9000
Corporate Gov. Score 1,479 5.903 6.000 1.529 0.000 10.000
Business Ethics Score 1,101 5.264 5.600 1.926 0.000 10.000

Panel C: Control variables
Ln(Total assets) 1,760 10.405 10.323 1.813 6.273 14.674
Leverage 1,740 0.285 0.268 0.198 0.000 2.780
Return on Assets 1,466 0.090 0.079 0.086 -0.399 0.538
Capex to Total Assets 1,462 0.031 0.023 0.028 0.000 0.181
Fixed Assets to Total Assets 1,658 0.212 0.116 0.233 0.000 0.927

Remark: This table presents the descriptive statistics of our sample. Panel A provides descriptive
statistics for the tone and shareholders' communication measures.Panel B for the sustainability
performance variables andPanel C for the control variables.
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Panel A in Table IV.3 shows that the TF-IDF adjusted mean percentage of negative

words in a given AGM transcript amounts to 2.3% when measured using the Harvard-

IV dictionary and to 4.4% using the LMD dictionary. This is in line with an average

negativity of 1.57% for 10-K �lings found in Loughran and McDonald (2011) as well

as the mean percentage of negative words of 2.08% (according to LMD) found for

shareholder letters in Hillert et al. (2024). In a given AGM transcript, the TF-IDF

adjusted mean percentage of environmental words is 2.6%, of social words 5.1% and of

governance-related words 9.1%. A similar pattern emerges when examining the non-

adjusted shares of these words, where governance-related terms are most prevalent,

followed by social and environmental words. The higher percentage of governance words

can be attributed to the fact that governance topics, such as board compensation, are

mandatory agenda items at shareholder meetings and are central to these events.

Furthermore, Panel B reports the descriptive statistics for the sustainability per-

formance variables. The average company in our sample has an ESG score of 5.08,

suggesting a moderate level of overall sustainability performance within the sample.

Breaking this down by individual pillar, the average environmental score is slightly

higher at 5.91, suggesting a stronger track record on environmental factors. The aver-

age company has an average governance score of 5.34 and a comparatively lower social

score of 4.46. Panel C provides the descriptive statistics for the control variables used

in the analysis. Size is calculated as the natural logarithm of total assets and averages

10.41, indicating a wide range of �rm sizes. Average �nancial ratios, such as leverage

(28.5%), return on assets (9%), and capital expenditure to total assets (3.1%) are con-

sistent with sample data in previous related studies (see e.g., Cuñat et al., 2015; Grewal

et al., 2016; Brochet et al., 2023).

IV-158



CHAPTER IV. AUZEPY ET AL. (C)

IV.3 Empirical methodology

IV.3.1 Shareholder soft engagement and shareholder character-

istics

We �rst analyze whether speci�c shareholder characteristics in�uence shareholder soft

ESG engagement at AGMs. Given that a �rm's investor base comprises a diverse range

of shareholder types, we include �ne-grained categories to capture potential variation

in their sustainability preferences and objectives. Drawing on Grewal et al. (2016),

Flammer et al. (2021) and Benton and You (2018), we identify ten distinct shareholder

categories: individual shareholders, (former) employees, trade unions, asset managers,

public asset managers, religious asset managers, analysts, NGOs, religious organiza-

tions, and proxies. These categories di�er in their level of sophistication as well as

engagement approaches (see e.g., Brochet et al., 2023; Barko et al., 2021; Flammer

et al., 2021).

We expect these di�erent types of shareholders to prioritize sustainability dimen-

sions to varying degrees. Thus, for this subsection, we transform our panel dataset

from the AGM level (i.e., one AGM is one observation) to a panel dataset structured

at the individual shareholder statement level (i.e., one statement represents one obser-

vation). This approach enables a more granular analysis of the heterogeneity in tone

and content of shareholder communication. In a �rst step, we test our hypothesis by

regressing the share of environmental, social and governance words in each shareholder

statement across all AGMs in our sample against the type of shareholder that made

the respective statement:

ESG Sharei;j;t = � 1 � Shareholder Typei;j;t + 
 � Controls i;t + � i + � t (IV.2)

where ESG Sharei;j;t denotes the share of either environmental, social or governance

words in shareholder statementj made during the AGM of companyi in year t. The

shares are calculated by dividing the number of environmental, social and governance

words by the number of total words in a statement.Shareholder Typei;j;t is a vector of
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dummy variables for each shareholder type, with the individual shareholder representing

our baseline category.Controls i;t describes a vector of control variables. It includes the

logarithm of a �rm's total assets, the leverage ratio measured by total debts to total

assets, return on assets, its �xed assets to total assets ratio and its capital expenditures

to total assets ratio. � t and � i denote year �xed e�ects and industry �xed e�ects,

respectively. We further cluster the standard errors at the �rm level.

Starting with the environmental pillar, we expect certain shareholder groups, such as

NGOs, religious organizations and asset managers, to be more vocal about environmen-

tal issues than the average individual investor. NGOs have social and/or environmental

agendas and participate in AGMs to draw attention to corresponding issues (Subrama-

nian, 2020). Similarly, religious organizations, particularly religious asset managers,

play a very active and sometimes overlooked role as investors Louche et al. (2012).

This category of investors pioneered socially responsible investing and were among the

�rst to integrate both environmental and social considerations into their investment

strategies (Hong and Kacperczyk, 2009). Consequently, we expect religiously moti-

vated investors in our sample to be particularly vocal about both environmental and

social issues. In addition, studies by Krueger et al. (2020) and Hoepner et al. (2023)

show that institutional investors tend to actively engage one environmental issues, es-

pecially those related to climate, given their potential �nancial implications (Flammer

et al., 2021; Sautner et al., 2023). As a result, we expect asset managers in our sam-

ple to also be vocal about environmental issues. Turning to the social pillar, we expect

shareholders that are or were directly involved with the �rm, such as current and former

employees as well as trade unions, to be particularly vocal about social matters since

they encompass topics related to their work environment and human capital manage-

ment. With regard to governance aspects, we expect all categories of shareholders to

address these topics, as they are generally standard agenda items at general meetings

(Ertimur et al., 2010a).

In addition to these distinct shareholder categories and their respective objectives,

it is also well established that shareholders hold diverse political views (see e.g., DesJar-

dine et al., 2024). Consequently, both their identity as shareholders and their political
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orientation may a�ect their investment priorities and thus their engagement strategies.

Speci�cally, several studies highlight the role of political preferences in the context of

shareholder activism and corporate social responsibility (see e.g., Min and You, 2019;

Duan et al., 2021; Hoepner and Lin, 2022; Giuli et al., 2023). Most of these studies

focus on institutional shareholders and their political orientation. For example, Duan

et al. (2021) show that public pension funds support shareholder (management) pro-

posals more (less) when Democrats gain more power in the funds' home states. Kim

et al. (2020) report that institutional shareholders with a Republican orientation are

negatively associated with their investee �rms' environmental performance. Further-

more, the authors �nd that �rms with Republican-oriented institutional shareholders

are less likely to issue environmental reports. Overall, Republican shareholders are gen-

erally found to be more business-friendly and support corporate policies that prioritize

business interests over concerns related environmental issues and labor rights (Duan

et al., 2021). At a more individual level, Smith et al. (2024) report that Republicans

are less likely to be concerned about the environment and climate change, or to support

environmental policies.

The political environment, i.e., the political orientation of US states, may also play

a critical role in shaping the extent of shareholder engagement strategies. This is illus-

trated by recent initiatives launched by Republican-led states opposing ESG-focused

investment practices by institutional investors. For example, in late 2022 and early

2023, the Tennessee attorney general and other Republican o�cials accused several asset

management �rms of breaching �duciary duties through their environmental and social

investing practices (Reuters, 2023b). In a related development, Larry Fink, Chairman

and CEO of BlackRock, announced that he would cease using the term ESG due to its

politicization and the growing scrutiny and boycotts initiated by Republican-controlled

states (Reuters, 2023a; Financial Times, 2022). These developments highlight how the

political environment not only shapes shareholder priorities, but also in�uences the

discourse and issues addressed (or deliberately avoided) during AGMs.

We add to this literature by examining the role of the political environment for soft

ESG engagement at AGMs. To examine how shareholders' political environment may
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in�uence their soft engagement, we focus on the political orientation of the US states

in which they reside. Speci�cally, we map the results of U.S. presidential elections to

the geographical location of the shareholders. To this end, we collect data from the

presidential elections between 2000 and 2022.12 In our panel data, we assume that in

non-election years, the results of the most recent election continue to represent the po-

litical landscape of each state. We classify US states that consistently voted Republican

across these elections as �Republican states� and those that consistently voted Demo-

cratic as �Democratic states�. We also exploit data on the shareholders' geographical

location as outlined in Section IV.2.2. We then analyze whether shareholders from

Republican or Democratic states di�er in their ESG communication by estimating the

following regression:

ESG Sharei;j;t = � 1 � Individual Shareholder i;j;t � REP + 
 � Controls i;t + � i + � t

(IV.3)

where ESG Sharei;j;t denotes the share of either environmental, social or governance

words in shareholder statementj made during the AGM of companyi in year t.

Individual Shareholder i;j;t is a dummy variable that equals one if the statementj

during AGM i in year t was made by an individual shareholder and zero otherwise.

REP is a dummy variable that equals one if the shareholder resides in a U.S. state that

voted Republican in a previous presidential election, and zero otherwise.Controls i;t

describes the same vector of control variables as in equation IV.2.� t and � i denote

year �xed e�ects and industry �xed e�ects, respectively. We cluster the standard errors

at the �rm level.

IV.3.2 Shareholder soft engagement, tone and �rm sustainabil-

ity performance

Next, we examine whether a �rm's sustainability track record a�ects shareholder soft

engagement on ESG issues at AGMs. A large strand of literature shows that targets

12We therefore focus on the election years 2000, 2004, 2008, 2012, 2016, 2020.
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of shareholder activism display certain characteristics. For example, Gillan and Starks

(1998) and Huson (1997) report that the targets of large public institutional investors

are characterized by poor governance structures. Empirical evidence also indicates that

�rms with abnormal CEO compensation and limited shareholder voting rights are more

likely to be the target of shareholder resolutions (Ertimur et al., 2010a; Renneboog and

Szilagyi, 2011). Johnson and Shackell (1997) examine executive compensation proposals

and �nd that the probability of �ling such a proposal is higher for �rms that face

negative �nancial press coverage. Finally, Denes et al. (2015) �nd that �rms targeted

by shareholder activism tend to be poor performers, as measured by prior stock returns,

sales growth or return to sales.

We focus on �rm sustainability performance as a potential driver of shareholder

soft engagement. To do so, we employ both the overall ESG score, which re�ects a

�rm's overall sustainability performance, and the individual pillar scores as well as

their theme scores, which capture a more granular view of environmental, social and

governance performance. We expect shareholders to engage more strongly with respect

to sustainability issues at AGMs of companies that perform relatively poorly in these

areas. For example, if a company has a particularly poor track record on environmental

issues, as measured by its environmental score, we expect the number of questions and

comments in this area to be higher. However, if a company is an environmental leader,

shareholders may have little reason to ask a particularly large number of questions

or make critical statements about these issues. These assumptions are corroborated

by empirical evidence showing that �rms targeted by shareholder activism tend to

be poor performers in speci�c areas (see e.g., Denes et al., 2015; Gillan and Starks,

1998). To estimate the e�ect of ESG performance on the share of sustainability-related

communication by shareholders during an AGM, we conduct regressions in the form of

the following equation:

ESG Sharei;t = � 1 � ESG Scorei;t + 
 � Controls i;t + � i + � t (IV.4)

where ESG Sharei;t measures the relative share of either environmental, social or
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governance words from shareholders during the AGM of companyi in year t. As some

of the ESG words in our dictionary might be used in an in�ationary manner, we adjust

the share by re-weighting it based on the term frequency and the inverse document

frequency of the words as in Loughran and McDonald (2011).ESG Scorei;t is the

ESG score for companyi in year t. We also use individual pillar scores and theme

scores.Controls i;t describes the same vector of control variables as in equation IV.2.

We include industry and time �xed e�ects and cluster the standard errors at the �rm

level. We, again, re-estimate equation IV.4 by including the ESG pillar scores and the

sub-scores as the independent variables.

If shareholders particularly care about certain sustainability issues and feel that a

�rm in question is not doing enough to address such issues, we hypothesize that share-

holders may engage with a negative tone at the AGM. Given that poor sustainability

performance may lead to immediate or long-term reputational and �nancial risks, we

expect lower ESG performance to be associated with a more negative tone of share-

holder statements. Formally, we test this by estimating an OLS panel regression in the

following way:

Tonei;t = � 1 � ESG Scorei;t + 
 � Controls i;t + � i + � t (IV.5)

where we regress shareholder tone,Tonei:t , on a company's ESG score,ESG Scorei;t ,

controlling for the same �rm controls as in equation IV.2. We include industry and time

�xed e�ects and cluster the standard errors at the �rm level. The tone is measured by

the adjusted negativity measures based on the LMD and the Harvard IV-4 dictionary,

LMD �
tf:idf and HAR �

tf:idf . We re-estimate equation IV.5 by including the ESG pillar

scores and the theme scores as the independent variables to gain a deeper understanding

of the relationship between shareholder tone and ESG performance, expecting to �nd

negative coe�cients for ESG measures.

IV-164



CHAPTER IV. AUZEPY ET AL. (C)

IV.3.3 Shareholder tone and further engagement activities

In the last part of our analysis, we focus on the relationship between shareholder tone

at the AGM and voting outcomes on submitted proposals. During AGMs, shareholders

have the opportunity not only to engage with management by asking questions or mak-

ing comments, but they can also vote actively on a range of agenda items presented as

proposals (Van der Elst, 2011). Typically, shareholders are asked to vote on issues such

as director and committee member elections, say-on-pay policies, auditor appointment

and rati�cations, and the approval of �nancial statements and statutory reports (Cuñat

et al., 2015; Babenko et al., 2018). Shareholders may approve such proposals, reject or

withhold a vote (Van der Elst, 2011). In addition, shareholders may also submit their

own �shareholder-sponsored� proposals for consideration.

To support our analyses, we gather data from the Institutional Shareholder Services

(ISS) Voting Analytics database. For each proposal, the database provides several

attributes, including a description of the proposal, the date of the AGM, the sponsor and

the voting requirement. As a �rst step, we focus on proposals classi�ed as �management-

sponsored� by ISS. We examine whether a negative tone from shareholders is associated

with reduced support for these proposals. In addition, prior research (see e.g., Cai et al.,

2009; Yermack, 2010; Aggarwal et al., 2023) highlights that director elections provide

shareholders with another important avenue to express their discontent, especially when

management falls short of their expectations. Directors of �rms that performed well

typically receive more �yes� votes, while directors of badly governed companies receive

more opposition (Van der Elst, 2011). Furthermore, directors play a crucial role in

representing shareholders and their interests (Cai et al., 2009; Ertimur et al., 2010b). We

therefore place particular focus on proposals related to director elections or re-elections,

and treat such proposals as proxies for gauging overall support for management.

As shareholder dissatisfaction is likely to be re�ected in lower approval rates (i.e.,

more votes against) for management-sponsored proposals, including proposals related

to director elections, we expect voting outcomes to be less favorable when shareholder
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sentiment, as expressed at AGMs, is more negative. We test this hypothesis as follows:

V otesi;t = � 1 � Tonei;t + 
 � Controls i;t + � i + � t (IV.6)

whereV otesi;t describes the mean or median percentage of votes against management-

sponsored proposals or director-related proposals for the AGM of companyi in year

t. We include a median value to account for potential outliers.Tonei;t describes the

negativity of shareholder communication for the AGM of companyi in year t, measured

by the adjusted negativity measuresLMD �
tf:idf and HAR �

tf:idf . � t and � i denote year

�xed e�ects and industry �xed e�ects, respectively.

Finally, we examine the relationship between shareholder sentiment expressed at

the AGM, ESG communication and the voting outcomes on ESG proposals. We use

the classi�cation provided by ISS of SRI proposals and include shareholder governance-

related proposals on issues such as shareholder rights, political donations and trans-

parency, following Dikolli et al. (2022). Our analysis examines whether the tone of

shareholder statements at AGMs is linked to the approval rates of shareholder-sponsored

ESG proposals. For example, it may be anticipated that when signi�cant ESG concerns

are raised during the AGM, shareholders may also be more likely to vote in favor of

ESG proposals. In addition, shareholders might express dissatisfaction with the man-

agement's handling of key ESG issues by more strongly endorsing shareholder-sponsored

proposals. To examine this, we apply the following regression analysis:

V otesi;t = � 1 � Tonei;t � � 2 � ESG Scorei;t + 
 � Controls i;t + � i + � t (IV.7)

where V otesi;t describes the mean or median of votes for shareholder-sponsored ESG

proposals for the AGM of companyi in year t. Tonei;t describes the negativity of share-

holder communication for the AGM of companyi in year t, measured by the adjusted

negativity measuresLMD �
tf:idf and HAR �

tf:idf . ESGi;t denotes the tf-idf adjusted share

of either environmental, social or governance communication by shareholders.
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Figure IV.1: Share of ESG words and total number of AGM statements by shareholder
type.

Remark: The �gure displays the total number of statements made by each shareholder type on the
right axis, while the left axis represents the share of environmental, social, and governance terms within
these statements.

IV.4 Results

IV.4.1 To what extent do shareholders engage on ESG issues

at AGMs?

We begin by conducting an exploratory analysis of shareholder statements at AGMs.

Figure IV.1 presents the total number of statements by each shareholder type on the

right axis, while the left axis depicts the share of environmental, social, and gover-

nance words used in these statements. Individual shareholders contribute the highest

number of statements at AGMs, followed by analysts, NGOs and (former) employees.

Figure IV.1 also highlights that the proportion of environmental, social and governance

words varies considerably across shareholder types. Although religious asset managers

engage less at AGMs compared to other groups, their statements display a large share of

words related to environmental and social themes. Historically, religious asset managers
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were the �rst investors to integrate sustainability considerations into their investment

process (Gillan and Starks, 1998). Hong and Kacperczyk (2009) �nd that religious

investors are less likely to hold sin stocks, while Louche et al. (2012) show that they are

important actors in the �eld of responsible investment and impact investing. Thus, the

high proportion of environmental and social words observed for this category appears

plausible. In contrast, while analysts and individual shareholders make a substantial

number of statements at AGMs, their focus on environmental and social themes is con-

siderably more limited. Furthermore, we observe that governance words are consistently

present across all shareholder types, in line with our expectation that governance issues

are standard agenda items at general meetings and a central concern for shareholders

engaging in the AGM dialogue. Overall, the analysis shows that ESG topics are an

integral part of shareholder soft engagement at AGMs.

Next, we examine the environmental, social and governance words most frequently

used by the di�erent types of shareholders to identify potential nuances in their sus-

tainability-related priorities. Table IV.4 presents an overview of the 30 most frequently

used environmental words for each shareholder category. We observe that words such as

�climate�, �change�, and �disclosure� are commonly employed by institutional investors,

particularly asset managers. This is in line with earlier studies that highlight the grow-

ing importance of engagement on climate risks for institutional investors (Krueger et al.,

2020; Ilhan et al., 2023; Hoepner et al., 2023). For example, Krueger et al. (2020) docu-

ment that investors believe that climate change has �nancial implications for portfolio

companies, necessitating the integration of climate-related risk considerations into the

investment decision-making process. Ilhan et al. (2023) �nd that institutional investors

value climate-related disclosures and see them as complementary to traditional �nan-

cial reporting. Furthermore, Sautner et al. (2023) document a signi�cant increase in

climate-related discussions during earnings conference calls in recent years. A com-

parison of word frequencies further shows that the term �climate� is also frequently

mentioned by NGOs, religious organizations and individual shareholders. Moreover,

NGOs and religious organizations are particularly vocal about issues related to biodi-

versity and pollution, often using words such as �energy�, �water�, �animals�, �coal� and
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�land�. Lastly, we �nd that trade unions and (former) employees frequently reference

terms like �future� and �protect�, along with words such as �re�nery� and �oil�. In line

with previous research (see e.g., Grant, 2021), unions therefore also actively engage as

shareholders at AGMs, although they typically do not prioritize environmental projects

(see e.g., Ertugrul and Marciukaityte, 2021).
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Table IV.4: Top 30 environment words by frequency.

Analyst Freq. Asset Manager Freq. Pub. Asset Mg. Freq. Rel. Asset Mg. Freq. Rel. Org. Freq. NGO Freq. Trade Union Freq. Proxy Freq. Indiv. Sh. Freq. (Form.) Emp. Freq.
change 59 climate 227 disclosure 94 climate 55 climate 135 climate 214 disclosure 123 plastic 50 energy 333 electric 39
impact 47 disclosure 153 climate 67 energy 48 land 93 energy 188 impact 44 packaging 28 power 323 change 34
target 40 change 112 energy 55 future 40 disclosure 88 water 150 change 43 climate 21 change 268 future 28
targets 29 global 91 change 39 disclosure 38 change 68 animal 147 future 42 change 21 future 266 global 24
climate 29 commitment 76 goals 19 change 36 impact 55 environmental 122 alternative 36 animal 19 coal 216 re�nery 24
energy 28 impact 76 resources 18 coal 35 gas 53 coal 122 protect 34 water 18 climate 213 power 22
future 27 carbon 57 gas 13 gas 32 water 50 animals 122 building 34 gas 17 global 177 building 20
global 23 oil 57 commitment 12 responsible 29 environmental 49 change 114 commitment 34 environmental 17 water 174 re�neries 20
environment 20 future 54 reduce 12 carbon 28 goals 47 commitment 101 climate 27 disclosure 17 gas 150 commitment 19
positive 20 energy 53 carbon 12 environmental 27 commitment 45 carbon 91 positive 26 energy 15 impact 138 aware 18
oil 19 gas 50 greenhouse 12 oil 27 energy 45 power 84 global 24 responsible 15 oil 112 oil 18
environmental 19 reduce 48 global 11 impact 24 global 43 responsible 82 power 23 global 14 technology 110 energy 16
gas 18 environmental 47 e�cient 11 emissions 23 reduce 43 fossil 82 oil 22 coal 12 disclosure 109 impact 15
water 18 responsible 44 impact 11 greenhouse 22 greenhouse 39 impact 80 negative 21 commitment 12 electric 104 protect 13
below 17 protect 39 transition 11 reduce 20 responsible 37 disclosure 76 resources 18 recycling 12 commitment 98 responsible 13
net 17 emissions 38 protection 11 sustainability 20 emissions 36 oil 75 responsible 18 waste 12 nuclear 96 positive 12
production 16 power 33 paris 11 power 18 future 32 gas 70 protecting 17 future 10 solar 96 car 12
disclosure 14 sustainability 32 emissions 10 water 18 oil 32 reduce 69 align 15 impact 10 negative 93 reduce 11
fuel 13 goals 32 future 9 goals 18 power 23 arctic 66 aware 15 goal 9 carbon 92 chemical 10
negative 11 greenhouse 30 oil 9 nuclear 17 carbon 23 protect 63 protection 15 welfare 9 reduce 88 below 9
chain 11 impacts 30 power 9 impacts 15 sustainable 23 future 56 chain 14 impacts 8 renewable 87 solar 9
power 11 sustainable 26 sustainability 8 warming 14 protect 22 sustainability 50 goals 14 reduce 8 protect 87 resources 8
emissions 10 water 25 sustainable 8 targets 13 sustainability 21 renewable 49 sustainability 14 animals 8 responsible 84 water 8
technology 10 positive 24 ghg 7 waste 12 coal 20 environment 45 sustainable 14 oil 7 clean 83 plants 8
carbon 10 environment 23 protect 7 commitment 12 reduction 20 clean 43 environmental 14 greenhouse 7 environmental 81 goals 8
reduction 9 technology 22 responsible 7 wetlands 11 chain 20 positive 43 water 13 ocean 7 air 77 negative 7
reduce 9 fossil 22 reduction 6 reduction 11 targets 19 goals 40 energy 13 pollution 7 aware 76 resource 7
air 9 resources 21 electric 5 hydraulic 10 impacts 19 technology 39 re�neries 13 sustainable 7 building 73 �re 7
building 9 aware 21 technology 5 paris 10 mitigate 18 fuel 39 impacts 12 emissions 7 car 71 coal 7
reducing 8 goal 18 target 5 air 9 pollution 16 emissions 37 transition 11 zero 7 net 69 environmental 7

Remark: This table reports the 30 most frequent environment-related words used by each shareholder type.
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Table IV.5 gives an overview of the 30 most common social words used by the share-

holders in our sample. Overall, the terms �people�, �employees�, �pension� and �workers�

are among the most frequently used. Trade unions, for instance, prominently use words

such as �pension�, �workers�, �employees� and �safety�, re�ecting their strong focus on

labor rights, employee welfare, and retirement bene�ts. This is consistent with the role

of trade unions in advocating for the protection of workers and ensuring fair treatment

in areas such as wages, working conditions and pension plans (Sjöström, 2009). It also

supports the idea that trade unions represent the collective interests of workers and re-

sort to shareholder activism to safeguard such interests (Marens, 2004; Anderson et al.,

2007). Employees and former employees, who engage in the AGM dialogue, display

a similar pattern, frequently using words like �employee�, �retirees� and �right�, which

suggests that their concerns align closely with those of trade unions, particularly on

issues related to labor conditions and employee bene�ts. NGOs, on the other hand,

frequently refer to �people�, �public�, �community� and �health�, but also �hispanic�,

�children� and �latino�, indicating their broader concern for social welfare, public health

and the well-being of communities. This also suggests that NGOs approach share-

holder engagement with a focus on societal impacts of corporate actions, advocating

for issues that a�ect broader populations and marginalized groups. Finally, institu-

tional investors, particularly asset managers, show a slightly di�erent set of priorities

in their choice of words. They frequently highlight issues associated with words such

�employees�, �public�, �women�, �gender� and �gap�. This suggests a focus on diversity

and inclusion. Such issues have notably become important criteria for share ownership

by socially responsible investment funds (von Meyerinck et al., 2018). In addition, the

presence of words such as �gender� and �gap� also suggests that institutional investors

are increasingly paying attention to gender-related issues, such as those related to pay

gaps and representation, which is in line with von Meyerinck et al. (2018); Billings et al.

(2022); Haan (2022). Finally, the words �public� and �pension� frequently appear in the

statements by public asset managers, which is in line with Duan et al. (2021), who show

that this category of shareholders is often in�uenced by organized labor and prioritizes

labor-related objectives.
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Table IV.5: Top 30 social words by frequency.

Analyst Freq. Asset Manager Freq. Pub. Asset Mg. Freq. Rel. Asset Mg. Freq. Rel. Org. Freq. NGO Freq. Trade Union Freq. Proxy Freq. Indiv. Sh. Freq. (Form.) Emp. Freq.
right 126 employees 177 public 80 public 53 people 174 people 543 pension 377 access 38 people 1456 people 352
data 73 public 161 pension 66 rights 47 rights 146 public 366 union 269 human 35 right 963 employee 243
people 68 women 153 accountability 43 trade 37 human 137 community 270 workers 228 people 35 employees 380 employees 243
opportunities 53 trade 141 trade 43 people 36 workers 113 health 218 employees 202 public 31 access 379 retirees 215
equity 35 gender 126 access 42 indigenous 36 health 109 right 207 public 128 diversity 31 public 344 right 140
public 34 rights 118 employees 40 diversity 35 public 80 rights 192 rights 115 rights 24 job 275 retiree 120
working 28 gap 115 transparency 37 social 33 right 76 human 177 labor 111 health 23 family 263 workers 120
respect 25 people 102 gender 29 human 32 labor 66 communities 149 right 111 data 23 community 247 union 117
trade 25 social 101 data 28 health 29 employment 63 working 148 equity 108 equity 23 health 222 job 113
income 24 equal 100 discrimination 25 transparency 22 fair 62 hispanic 143 trade 104 labor 20 care 181 health 86
fair 24 equity 94 sexual 24 right 21 communities 58 diversity 136 health 101 pension 17 rights 176 care 86
employees 22 diversity 89 rights 21 data 21 trade 56 employees 133 safety 100 employee 16 working 174 working 85
life 20 right 87 diversity 21 access 21 community 56 trade 118 accountability 88 racial 16 life 150 safety 65
diversity 20 data 80 human 20 healthcare 20 transparency 52 workers 115 people 79 right 16 employee 135 family 62
human 19 accountability 75 orientation 18 pension 15 discrimination 48 children 114 collective 78 employees 15 children 125 pension 53
rights 19 human 65 people 17 respect 14 diversity 48 accountability 100 working 69 transparency 14 income 121 healthcare 47
restructuring 17 labor 59 employee 17 nations 13 employees 48 latino 100 human 67 workforce 12 social 107 life 45
care 17 transparency 59 right 16 community 12 working 46 care 89 employee 65 social 12 young 106 jobs 45
contract 17 health 58 equity 16 opportunities 11 data 46 population 85 pandemic 55 welfare 12 fair 105 public 43
access 17 workers 56 job 13 care 10 social 44 social 81 transparency 53 gender 11 human 101 women 40
transparency 17 indigenous 53 community 13 socially 10 equal 39 family 79 local 53 gap 11 equal 98 hours 40
women 15 jobs 51 protection 12 communities 10 accountability 34 labor 77 care 47 communities 10 safety 98 contract 40
equal 13 racial 51 health 9 accountability 9 indigenous 34 religious 77 job 44 equal 10 security 95 fair 38
job 12 working 49 fundamental 8 pandemic 9 children 32 refuge 75 worker 34 workers 10 jobs 95 human 34
safety 12 employee 44 social 8 employees 9 moral 32 women 75 community 33 accountability 9 women 93 community 29
health 11 pension 42 employment 8 drug 8 access 30 fair 73 contract 31 inclusion 9 poor 92 wage 29
gender 11 communities 41 workforce 8 workers 8 families 29 families 73 integrity 30 black 9 communities 92 local 29
labor 10 job 41 labor 8 women 8 religious 29 drug 71 bargaining 30 job 8 local 91 children 28
community 9 respect 31 gap 7 safety 8 drug 28 life 68 communities 30 workplace 8 respect 91 labor 28
drug 9 safety 29 respect 7 aids 8 healthcare 28 jobs 68 security 29 indigenous 8 quality 90 rights 28

Remark: This table reports the 30 most frequent social-related words used by each shareholder type.
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Table IV.6 provides an overview of the 30 most frequently used governance words.

Overall, across all shareholder categories, the words �board�, �shareholders�, �proposal�

and �management� dominate, underscoring the importance of shareholder rights, board

accountability and company management. This �nding re�ects the central role of gov-

ernance issues in the AGM context. Notably, all shareholder groups appear to engage

on governance-related topics, which contrasts with the environmental and social dimen-

sions, where priorities vary more strongly across di�erent shareholder types.
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Table IV.6: Top 30 governance words by frequency.

Analyst Freq. Asset Manager Freq. Pub. Asset Mg. Freq. Rel. Asset Mg. Freq. Rel. Org. Freq. NGO Freq. Trade Union Freq. Proxy Freq. Indiv. Sh. Freq. (Form.) Emp. Freq.
management 107 board 588 board 235 shareholders 161 shareholders 347 shareholders 453 board 794 proposal 157 shareholder 2450 board 284
board 104 shareholders 557 shareholders 206 board 131 board 306 board 414 shareholders 510 shareholders 150 shareholders 2414 shareholder 190
shareholders 76 pay 439 proposal 180 proposal 96 proposal 264 proposal 343 chairman 482 board 142 board 1957 directors 163
ceo 60 proposal 408 disclosure 105 investors 95 principles 157 policy 282 compensation 467 vote 94 proposal 1499 shareholders 137
investors 59 management 376 directors 102 report 75 shareholder 153 shareholder 265 proposal 442 shareholder 92 directors 1365 proposal 116
proposal 59 shareholder 321 proxy 95 lobbying 67 report 150 report 177 vote 331 proxy 90 management 960 management 106
pay 55 investors 298 retirement 87 management 63 investors 139 vote 142 shares 295 directors 68 chairman 923 compensation 97
revenue 54 vote 256 management 76 shareholder 63 responsibility 127 chairman 141 committee 241 management 65 vote 914 pay 92
shares 51 lobbying 255 chairman 68 disclosure 48 policy 114 directors 133 shareholder 234 pay 41 shares 877 statement 78
chairman 47 chairman 193 report 68 policy 44 disclosure 111 investors 132 pay 221 ceo 36 proxy 605 chairman 75
report 46 disclosure 192 shares 65 proxy 42 management 95 ceo 122 director 220 chairman 35 pay 534 cast 61
performance 39 report 176 policy 64 vote 40 lobbying 86 management 122 directors 207 director 34 director 469 report 56
shareholder 39 policy 155 lobbying 63 chairman 36 proxy 79 power 112 performance 205 statement 31 ceo 443 performance 56
tax 39 compensation 153 performance 60 directors 35 chairman 76 leadership 105 lobbying 200 report 28 independent 426 proxy 54
compensation 39 governance 148 shareholder 56 leadership 31 vote 73 accountability 100 ceo 185 policy 28 power 407 shares 50
equity 35 shares 140 spending 56 responsibility 26 directors 57 responsibility 99 independent 181 shares 28 voting 350 vote 48
lobbying 33 proxy 134 vote 55 statement 26 statement 55 statement 95 investors 171 investors 27 report 331 ceo 45
investor 28 directors 126 investors 49 spending 23 pay 53 pay 95 policy 161 governance 26 policy 326 committee 45
presentation 26 voting 109 ceo 48 transparency 22 transparency 52 disclosure 94 ownership 151 disclosure 24 dividend 312 conduct 43
policy 25 contributions 108 director 47 power 22 compensation 51 control 93 governance 147 equity 23 compensation 307 leadership 38
spending 22 leadership 104 independent 46 shares 19 independent 49 lobbying 89 management 143 committee 23 statement 305 retirement 35
proxy 22 ceo 99 compensation 45 director 16 leadership 42 tax 84 disclosure 138 independent 21 governance 299 dividend 31
dividend 21 spending 98 accountability 43 reporting 15 oversight 41 director 83 proxy 110 lobbying 20 votes 292 policy 29
directors 21 equity 94 pay 43 contributions 15 review 37 proxy 76 voting 108 performance 19 committee 247 power 28
vote 19 performance 92 governance 42 compensation 15 governance 36 compensation 69 equity 108 audit 19 performance 229 security 25
leadership 18 committee 91 transparency 37 regulatory 13 ceo 36 committee 64 audit 108 responsibility 18 dividends 197 dividends 25
statement 18 independent 85 disclose 35 principles 13 spending 35 transparency 64 stakeholder 104 votes 17 investors 183 director 25
regulatory 17 statement 78 contributions 32 governance 12 accountability 34 independent 55 election 103 leadership 15 investor 181 bonus 24
transparency 17 accountability 75 committee 31 pay 12 reporting 31 contributions 54 report 101 election 14 leadership 178 independent 24
voting 16 disclose 70 oversight 25 independent 12 committee 31 reports 51 accountability 88 transparency 14 election 161 paying 23

Remark: This table reports the 30 most frequent governance-related words used by each shareholder type.

IV
-174



CHAPTER IV. AUZEPY ET AL. (C)

In a next step, we extend our exploratory analysis by examining how di�erent types

of shareholders contribute to the proportion of environmental, social or governance

words used during the AGM dialogue. In Table IV.7, we report the results from estimat-

ing equation IV.2 where we regress the share of environmental, social and governance

words in shareholder statements on dummy variables representing shareholder types.

Since analyzing thousands of individual shareholder statements is more challenging with

tf-idf adjustments due to the fragmented, highly variable, and often unstructured na-

ture of these statements, we use the unadjusted share values as our dependent variables.

This variability can make it harder to establish meaningful term weights because the

context is less consistent, resulting in challenges such as noise dominating the analysis.

The baseline used for comparison is the category of individual shareholders.

Column (1) presents the results for the share of environmental words in shareholder

statements as our main variable of interest. Several shareholder types positively con-

tribute to the share of environmental words compared to individual shareholders. No-

tably, the coe�cients on religious asset manager, religious organization, proxy, NGO,

asset manager, and public asset managerare positive and statistically signi�cant at

the 1% and 5% levels, indicating a stronger emphasis on environmental issues in AGM

statements compared to individual shareholders. In contrast, the coe�cient on(former)

employeeis negative and signi�cant at the 1% level, suggesting that they downplay en-

vironmental issues compared to individual shareholders. The coe�cient onanalyst is

also negative, but statistically insigni�cant, indicating that this shareholder category

does not signi�cantly di�er from individual shareholders in this area. Similarly, the

coe�cient on trade union is comparatively small and statistically insigni�cant, suggest-

ing no notable contribution to the share of environmental words in the AGM dialogue

compared to individual shareholders.

Column (2) presents the results for the share of social words in shareholder state-

ments as our main variable of interest. Most shareholder categories contribute positively

to the share of social words relative to individual shareholders. Public asset managers,

trade unions, and NGOs stand out as the largest contributors, with coe�cients that are

statistically signi�cant at the 1% level, suggesting that these groups place a stronger
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Table IV.7: Heterogeneity of shareholders' ESG communication.

ENV Share SOC Share GOV Share
(1) (2) (3)

(Former) Employee -0.160*** 0.082* -0.030
(0.055) (0.046) (0.069)

Analyst -0.018 -0.025 -0.213*
(0.082) (0.094) (0.128)

Asset Manager 0.618*** 0.559*** 0.964**
(0.112) (0.106) (0.145)

NGO 0.778*** 0.659*** 0.289***
(0.093) (0.107) (0.055)

Proxy 0.794*** 0.442** 0.559***
(3.59) (1.97) (2.43)

Public Asset Manager 0.350** 1.254*** 1.690***
(0.145) (0.254) (0.181)

Religious Asset Manager 1.148*** 0.357*** 0.771***
(0.274) (0.166) (0.257)

Religious Organization 0.801*** 0.551*** 0.867***
(0.167) (0.115) (0.122)

Trade Union 0.018 0.675*** 0.896***
(0.051) (0.102) (0.092)

Controls Yes Yes Yes
Industry FE Yes Yes Yes
Year FE Yes Yes Yes

Observations 5,940 5,940 5,940
Adjusted R-squared 0.226 0.118 0.258

Remark: This table reports the coe�cients from OLS regressions of the share of ESG communication on
dummy variables that proxy the shareholder types. ENV Share, SOC Share and GOV Share denote the
share of environmental, social and governance words in shareholder communication, respectively, and
are calculated by dividing the number of environmental, social and governance words by the total word
count in a statement. The variablesAnalyst, (Former) Employee, Trade Union, Religious Organization,
Religious Asset Manager, Public Asset Manager, NGOs and Proxy are dummy variables which equal
one if the statement was made by a shareholder from the respective category. The baseline group
is Individual Shareholder. Control variables is a vector of �rm-speci�c variables controlling for �rm
size, total assets, leverage ratio, capex to total assetsand �xed assets to total assets. All speci�cations
include time and industry �xed e�ects. Robust standard errors (in parentheses) are clustered by �rm.
***, **, and * denote statistical signi�cance at the 1%, 5% and 10% levels, respectively.
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emphasis on social issues in their communication compared to individual sharehold-

ers. (Former) employees also contribute positively to the share of social words, but

their contribution is more marginal, with a coe�cient of 0.082 that is signi�cant at

the 10% level. In contrast, the coe�cient onanalyst is once again negative and statis-

tically insigni�cant, suggesting that although analysts are rather vocal during AGMs

(see Figure IV.1), their soft engagement is not strongly targeted at social issues.

The comparatively large coe�cients in column (3) are consistent with our previous

observations and in line with the notion that governance topics are a central aspect

of AGMs. We �nd that the public asset managers, asset managers and trade unions

contribute particularly strongly to the share of governance words compared to individ-

ual shareholders. This is shown by the large coe�cients onpublic asset manager, asset

manager, and trade union, which are all signi�cant at least at the 5% level. In contrast,

the coe�cient on analyst is negative and statistically signi�cant at the 10% level, indi-

cating a weaker emphasis on governance issues in their statements. The coe�cient on

(former) employeeis negative but statistically insigni�cant.

Overall, the analysis shows important di�erences in the extent to which di�erent

shareholder types engage on ESG issues at the AGM. Asset managers, public asset

managers and religious asset managers consistently engage on all three ESG dimensions.

NGOs also show strong contributions across all dimensions, with a particularly notable

focus on environmental and social issues. Trade unions display signi�cant engagement

with social and governance matters. These �ndings indicate that institutional investors,

with the exception of analysts, are particularly active in terms of soft engagement

related to ESG issues during AGMs, and more strongly so than individual shareholders.

IV.4.2 What is the role of the political environment for share-

holder soft engagement on ESG issues?

In a next step, we examine the role of the political environment for shareholder soft ESG

engagement. As outlined in Section IV.3, we exploit data on the geographical location

of the shareholders in our sample. For individual shareholders who speak at the AGM
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Figure IV.2: Geographical distribution of individual shareholders and (former) employ-
ees across continental US.

Remark: This �gure shows the geographical location of individual shareholders and (former) employees
as measured by number of statements per shareholder category per US state.

on their own behalf, these locations are directly inferred from their AGM statements

and typically correspond to their places of residence. For institutional shareholders,

locations are assigned based on their company headquarters. In line with Di Giuli and

Kostovetsky (2014), we assume that asset managers and other institutional shareholders

spend signi�cant time at their headquarters and are likely to make statements aligned

with corporate policies, justifying our choice to use these locations.

Figure IV.2 presents a map of the continental U.S., illustrating the geographical

distribution of individual shareholders and (former) employees by state, based on their

statements.13 Red dots represent statements made by individual shareholders from that

particular geographic location, while dark blue dots represent statements from (former)

employees. Given the larger number of statements made by individual shareholder in

our sample, the red dots stand out more on the map. The map shows that individual

shareholders are widely distributed across the country and are represented in democratic

(blue), republican (red) and swing (grey) states.14 In contrast, Figure IV.3 presents a

13The map does not include Alaska and Hawaii.
14States that alternated at least once between voting Democratic and Republican are categorized as

�mixed states� because we consider the entire sample period in this map rather than a single year. We
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Figure IV.3: Geographical distribution of institutional shareholders across continental
US.

Remark: This �gure shows the geographical location of institutional shareholders as measured by
number of statements per shareholder category per US state.

similar map, this time illustrating the geographical distribution of institutional share-

holders, based on their statements. The results indicate that institutional shareholders,

especially asset managers, are more concentrated in democratic (blue) states, largely

due to the clustering of �nancial �rms and company headquarters on the East Coast

and in the state of California.

Given the marked di�erences in the geographical distribution of shareholders, we

examine whether their political environment, as measured by the political orientation

of their state of establishment, a�ects their soft engagement on ESG issues at AGMs.

To do so, we estimate equation IV.3 and report the results in Table IV.8. In Panel A,

we focus on individual shareholders and use a dummy variable, which is equal to one

if a statement was made by an individual shareholder and zero otherwise. In Panel

B, we perform the same analysis, this time with a focus on institutional shareholders.

Columns (1-3) display the results for the tf-idf adjusted shares of ESG communication,

while columns (4-6) present the results for the non-adjusted shares as our main variables

of interest.

refer to these swing states as �mixed states� on purpose to highlight that their political orientation is
mixed and varies between a Democratic and a Republican orientation.
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Table IV.8: Relationship between political environment and ESG communication.

Panel A: Individual Shareholders

ENV Sharetf.idf SOC Sharetf.idf GOV Sharetf.idf ENV Share SOC Share GOV Share
(1) (2) (3) (4) (5) (6)

REP � individual shareholder -0.072 0.043 -0.519*** 0.003 -0.011** -0.025***
(0.204) (0.149) (0.178) (0.004) (0.005) (0.008)

Individual shareholder -0.441*** -0.502*** -0.262*** -0.006*** -0.008** 0.014***
(0.078) (0.089) (0.099) (0.001) (0.004) (0.005)

REP -0.019 -0.089 -0.026 -0.004 0.011** -0.004
(0.157) (0.150) (0.134) (0.003) (0.005) (0.004)

Controls Yes Yes Yes Yes Yes Yes
Industry FE Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes

Observations 2,876 2,876 2,876 4,321 4,321 4,321
Adjusted R-squared 0.171 0.085 0.200 0.134 0.021 0.118

Panel B: Institutional Shareholders

ENV Sharetf.idf SOC Sharetf.idf GOV Sharetf.idf ENV Share SOC Share GOV Share
(1) (2) (3) (4) (5) (6)

REP � institutional shareholder 0.086 0.020 0.550*** -0.001 0.015*** 0.028***
(0.204) (0.146) (0.156) (0.004) (0.006) (0.008)

Institutional shareholder 0.510*** 0.533*** 0.307*** 0.008*** 0.007** -0.010**
(0.088) (0.092) (0.102) (0.002) (0.003) (0.005)

REP -0.081 -0.069 -0.523*** -0.001 -0.001 -0.028***
(0.093) (0.073) (0.090) (0.003) (0.003) (0.007)

Controls Yes Yes Yes Yes Yes Yes
Industry FE Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes

Observations 2,876 2,876 2,876 4,321 4,321 4,321
Adjusted R-squared 0.177 0.090 0.205 0.137 0.021 0.117

Remark: This table reports coe�cients from OLS regressions of di�erent measures of the share of ESG communication by shareholders on the political
environment and company characteristics. Panel A focuses on statements made by individual shareholders, while Panel B examines statements made
by institutional shareholders. Individual Shareholder is a dummy that equals one if the statement was made by an individual shareholder andREP
is a dummy variable that equals one if the individual shareholder lives in a U.S. state that voted Republican in the last presidential election. Control
variables is a vector of �rm-speci�c variables controlling for �rm size , total assets, leverage ratio, capex to total assetsand �xed assets to total assets.
All speci�cations include time and industry �xed e�ects. Robust standard errors (in parentheses) are clustered by �rm. ***, ** and * denote statistical
signi�cance at the 1%, 5% and 10% levels, respectively.
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The results corroborate our previous �ndings from the exploratory analysis in Sec-

tion IV.4.1 and suggest that individual shareholders are less vocal about ESG issues in

their AGM statements compared to institutional shareholders, potentially prioritizing

issues more directly tied to their own �nancial returns. In all speci�cations, except

for column (6), the coe�cient on individual shareholderis negative and signi�cant at

least at the 5% level. While this is particularly pronounced for the adjusted shares of

environmental and social words, as shown by columns (1) and (2), a similar pattern

can be observed for non-adjusted shares in columns (4) and (5), reinforcing the notion

that individual shareholders emphasize environmental and social issues less strongly in

their AGM statements compared to institutional shareholders. Overall, this is in line

with prior research that highlights the important role played by institutional investors

in promoting ESG considerations, and it aligns with the notion that both social and en-

vironmental issues have become important criteria for share ownership (see e.g., Guay

et al., 2004; Krueger et al., 2020; von Meyerinck et al., 2018; Flammer et al., 2021;

Hoepner et al., 2023).

Next, we analyze the political environment as a potential mediator for the relation-

ship between shareholder category and share of ESG communication. The coe�cients

on REP are negative across all speci�cations (except for column (5)), as expected,

but are statistically insigni�cant. Turning to the interaction term in Panel A, we ob-

tain a negative and statistically signi�cant coe�cient at the 1% level in columns (3)

and (6), indicating that individual shareholders are even less vocal about governance

topics when they reside in Republican states. A similar pattern can be observed in

column (5), where the coe�cient on the interaction term is negative and statistically

signi�cant at the 5% level, suggesting that individual shareholders are also even less

vocal about social issues when they are located in Republican states compared to in-

dividual shareholders who live in Democratic states. In terms of environmental share,

we obtain in both column (1) and (4) an insigni�cant coe�cient for the interaction

term. Thus, we conclude that individual shareholders' engagement on environmental

issues, as measured by the share of related words, does not depend on whether they

reside in a Republican state. While their overall engagement on environmental issues
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is lower than that of institutional shareholders, this di�erence does not appear to be

signi�cantly in�uenced by their political environment.

Further, Panel B shows that institutional investors actively engage on ESG issues in

their AGM statements, and that this engagement is not signi�cantly constrained when

their headquarters are located in Republican-leaning states. Focusing on the interaction

term, we obtain an insigni�cant coe�cient in columns (1), (2) and (4). At the same time,

the coe�cients in columns (3), (5) and (6) are positive and signi�cant at the 1% level,

suggesting that institutional shareholders are even more vocal on governance and social

issues when they are located in Republican-leaning states compared to institutional

investors who are headquartered in Democratic states. In sum, while the political

environment has some in�uence, it does not appear to be a decisive factor in limiting

the ESG communication of institutional shareholders. Nevertheless, it is also worth

noting that while some states such as Texas began directing their agencies to divest

from investment �rms perceived as hostile to fossil fuels as early as 2021, publishing a

list of speci�c list of banned funds (Rajgopal et al., 2023), the broader wave of �ESG

backlash� in Republican states occurred later on, i.e., in 2022�2023. Consequently, its

e�ects may not be fully captured within the timeframe considered in this study.

IV.4.3 Which �rms are targeted by shareholder soft engage-

ment on ESG issues?

In a next step, we turn to the �rms in our sample and examine whether their ESG

performance in�uences shareholder soft engagement at AGMs. As discussed in Sec-

tion IV.1, AGMs provide shareholders with a platform to interact with management,

raise concerns, and discuss corporate policies and strategies. Shareholders may be es-

pecially inclined to engage with �rms that exhibit weaker performance, including in

ESG areas. For example, prior research shows that soft engagement at AGMs may

be triggered by shareholder discontent with the �rm's �nancial performance (Dimitrov

and Jain, 2011). Thus, soft engagement appears to be particularly directed toward

�rms for which shareholders perceive a greater need to address de�ciencies and push
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for improvements.

Building on this, we examine whether ESG performance in�uences shareholder soft

engagement. To do so, we estimate equation (IV.4), where we regress the proportion

of environmental, social and governance words in shareholder communication at AGMs

on the �rms' overall ESG scores and their individual pillar scores. The results of this

analysis are presented in Table IV.9.
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Table IV.9: Relationship between sustainability performance and ESG communication (industry-adjusted ESG score and pillar
scores).

ENV Sharetf.idf SOC Sharetf.idf GOV Sharetf.idf ENV Sharetf.idf SOC Sharetf.idf GOV Sharetf.idf

(1) (2) (3) (4) (5) (6)

ESG scoret -0.058*** -0.045*** -0.043**
(0.021) (0.016) (0.018)

Environmental scoret -0.023
(0.019)

Social scoret -0.064**
(0.021)

Governance scoret -0.047*
(0.026)

Controls Yes Yes Yes Yes Yes Yes
Industry FE Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes

Observations 1,419 1,419 1,419 1,419 1,419 1,419
Adjusted R-squared 0.471 0.331 0.428 0.462 0.330 0.426

Remark: This table reports coe�cients from OLS regressions of di�erent measures of the share of ESG communication by shareholders on ESG
scores and company characteristics.ENV Sharetf:idf , SOC Sharetf:idf and GOV Sharetf:idf denote the share of E, S and G words in shareholder
communication, respectively. All three measures are adjusted by their term frequency and their inverse document frequency. Control variables is a
vector of �rm-speci�c variables controlling for �rm size , total assets, leverage ratio, capex to total assetsand �xed assets to total assets. All speci�cations
include time and industry �xed e�ects. Robust standard errors (in parentheses) are clustered by �rm. ***, ** and * denote statistical signi�cance at
the 1%, 5% and 10% levels, respectively.
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In line with our expectations, we �nd a negative relationship between a �rm's ESG

performance and the prominence of ESG-related words in shareholder communication

during AGMs. Columns (1)�(3) focus on the overall ESG scores as independent vari-

able, while columns (4)�(6) provide a more detailed examination of the individual pillar

scores. The coe�cients onESG scorein columns (1)�(3) are all negative and statisti-

cally signi�cant at the 1% or 5% level. Overall, we �nd that the better a �rm's sustain-

ability performance, as measured by its ESG rating, the lower the level of shareholder

engagement on ESG issues at AGMs, based on the proportion of environmental, social

and governance words. One plausible explanation for these �ndings is that shareholders

are less likely to raise questions or make comments about ESG issues when they per-

ceive the �rm to be performing well in these dimensions. Conversely, shareholders are

more likely to engage and voice concerns when they perceive a misalignment between

the �rm's ESG practices and their expectations or interests.

Looking at individual ESG pillar scores, we continue to observe a negative relation-

ship with the proportion of environmental, social and governance terms in shareholder

communication, although the e�ect is statistically weaker. The coe�cient on social

score is negative and statistically signi�cant at the 5% level. In the same vein, the

coe�cient on governance scoreis negative and statistically signi�cant at the 10% level.

At the same time, we obtain a statistically insigni�cant coe�cient on environmental

score. Overall, while a higher social and governance performance thus tend to go along

with a reduction in the use of related language, the relationship is not systematic and

perfectly aligned. Speci�cally, although �rms may exhibit high environmental perfor-

mance, this does not appear to translate into a corresponding decrease in the use of

environmental language employed by shareholders. There may be several reasons for

this. First, the overall ESG performance may be particularly relevant to shareholders,

and their perception of the underlying issues at hand may vary, leading to di�erent

levels of engagement with respect to environmental, social and governance issues at

AGMs. Second, it is important to recall that the overall ESG scores in our analy-

ses are an industry-adjusted measures, while the individual pillar scores are not. As

a result, the ESG scores may better capture how �rms fare compared to their peers,
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which may also matter to shareholders. Furthermore, Figure IV.1 already highlighted

the importance of the social and governance dimensions for shareholders in their AGM

statements, and our results further align with our initial observations.

Next, we break down the analysis further by regressing the share of shareholder

ESG communication against the ESG sub-scores (or �theme� scores) that belong to

the individual environmental, social and governance pillars. This analysis allows us

to examine whether speci�c themes emerge as particularly important and relevant for

shareholder soft engagement on ESG issues. The results are reported in Table IV.10.
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Table IV.10: Relationship between sustainability performance and ESG communication (theme scores).

ENV Sharetf.idf ENV Sharetf.idf ENV Sharetf.idf ENV Sharetf.idf ENV Sharetf.idf SOC Sharetf.idf SOC Sharetf.idf SOC Sharetf.idf GOV Sharetf.idf GOV Sharetf.idf

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

Environmental opportunities scoret -0.061
(0.092)

Waste management scoret -0.138***
(0.050)

Natural resources usage scoret -0.102***
(0.037)

Log(scope 1)t 0.039*
(0.022)

Climate change scoret 0.010
(0.019)

Product safety scoret -0.033
(0.023)

Human capital scoret -0.033*
(0.019)

Social opportunities scoret -0.042
(0.047)

Corporate gov. scoret -0.014
(0.021)

Business ethics scoret -0.063*
(0.037)

Controls Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Industry FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Observations 362 528 1,008 1,363 1,366 825 1,151 294 1,157 824
Adjusted R-squared 0.267 0.324 0.394 0.582 0.582 0.259 0.261 0.253 0.377 0.347

Remark: This table reports coe�cients from OLS regressions of di�erent measures of the share of ESG communication by shareholders on ESG
scores and company characteristics.ENV Sharetf:idf , SOC Sharetf:idf and GOV Sharetf:idf denote the share of E, S and G words in shareholder
communication, respectively. All three measures are adjusted by their term frequency and their inverse document frequency. Control variables is a
vector of �rm-speci�c variables controlling for �rm size , total assets, leverage ratio, capex to total assetsand �xed assets to total assets. All speci�cations
include time and industry �xed e�ects. Robust standard errors (in parentheses) are clustered by �rm. ***, ** and * denote statistical signi�cance at
the 1%, 5% and 10% levels, respectively.
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In columns (1)�(5), we examine the adjusted share of environmental words as our

main variable of interest, followed by the adjusted share of social words in columns

(6)�(8) and the adjusted share of governance words in columns (9)�(10). We obtain

a negative and signi�cant coe�cient at the 1% level on bothwaste management score

and natural resources usage score. The results indicate that a stronger environmental

performance, particularly in these areas, is associated with a lower proportion of en-

vironmental terms in shareholder statements during AGMs (columns (2) and (3)). In

contrast, higher levels of scope 1 greenhouse gas emissions are linked to a marginally

signi�cant increase in the share of environmental language, as shown by the positive

and signi�cant coe�cient on log(scope 1)in column (4). While this e�ect is weaker

both in terms of size and statistical signi�cance (10% level) than the ones in columns

(2) and (3), it suggests that shareholders are more likely to engage on this issue when a

�rm's direct emissions are higher (column (4)). These �ndings are consistent with prior

studies that emphasize the attention paid to greenhouse gas emissions, particularly by

institutional investors (Bolton and Kacperczyk, 2021, 2023). However, we obtain no

statistically signi�cant coe�cient for the climate change theme score (Column 5), which

may be due to the score's dual focus on both a �rm's exposure to climate change and

its e�orts to manage that exposure.15

In the social dimension, we �nd in column (7) a negative and signi�cant coe�cient at

the 10% level onhuman capital score, underscoring the relationship between shareholder

engagement on social issues, as measured by the proportion of social words, and human

capital. This is consistent with the notion that issues such as employee well-being,

but also the ability of �rms to attract, retain and develop a highly skilled workforce,

are of concern to shareholders. This relationship may also be partly explained by

the presence of employees and trade unions among the shareholders in the sample.

Finally, business ethics emerges as a relevant factor for governance-related shareholder

engagement, with a negative and signi�cant coe�cient observed onbusiness ethics score

15For example, the theme score incorporates factors such as a �rm's vulnerability to climate change,
as well as its exposure to and management of environmental risks. Depending on the speci�c aspect
considered, we would expect the share of environmental words in shareholder statements to either
increase or decrease.
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in column (10). This suggests that shareholders pay particular attention to issues such

as a company's oversight and management of fraud, executive misconduct, corruption,

money laundering or antitrust violations. When these issues are managed e�ectively,

shareholders are thus less likely to address them during AGMs.

Overall, while these �ndings underscore the importance of ESG performance in

shaping shareholder soft engagement at AGMs, they once again also highlight the com-

plexity of this relationship. As noted earlier, we do not �nd a systematic correspondence

between a �rm's performance in a speci�c theme and the proportion of shareholder com-

munication related to that exact same theme. Instead, the overall ESG performance

and the management of speci�c issues appear to drive shareholder soft engagement, and

thus, the share of environmental, social and governance language in AGM statements.

IV.4.4 What is the tone of shareholder soft engagement on ESG

issues?

As discussed in Section IV.4.3, ESG performance in�uences shareholder soft engagement

on ESG issues, shaping thecontent of shareholder statements, as measured by the share

of environmental, social and governance words. In a next step, we analyze thetone of

such statements. Isolating the tone allows us to go beyond the analysis ofwhat is being

said to focus onhow it is being said (Price et al., 2012). The underlying expectation is

shareholders may engage on sustainability issues to address perceived de�ciencies, voice

concerns, or express discontent with a poor sustainability track record. Thus, the better

the ESG performance of a �rm, the lower the soft engagement of shareholders in the form

of negative questions and comments at the respective AGM. We expect this dynamic

to be re�ected in the proportion of negative words in shareholder statements during

AGMs. To do so, we estimate equation IV.5 by regressing the tone of shareholders on

the overall ESG score along with �rm controls as well as year and industry �xed e�ects.

The results are presented in Table IV.11.

Building on Hillert et al. (2024), we consider tf.idf adjusted negativity measures de-

rived from the Harvard-IV dictionary in columns (1)-(2) and include adjusted negativity
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Table IV.11: Relationship between ESG Performance and HAR & LMD tone.

HAR �
tf:idf HAR �

tf:idf LMD �
tf:idf LMD �

tf:idf
(1) (2) (3) (4)

ESG scoret -0.063*** -0.069***
(0.024) (0.025)

Environmental scoret -0.029 -0.032
(0.021) (0.023)

Social scoret -0.057** -0.069***
(0.024) (0.025)

Governance scoret -0.051 -0.055*
(0.031) (0.033)

Controls Yes Yes Yes Yes
Industry FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes

Observations 1,360 1,360 1,360 1,360
Adjusted R-squared 0.472 0.471 0.422 0.421

Remark: This table reports coe�cients from OLS regressions of di�erent measures of shareholder tone
on ESG scores and company characteristics.LMD �

tf:idf is the negativity of a transcript according to the
Loughran and McDonald (2011) dictionary weighted by their term frequency and inverse document
frequency. HAR �

tf:idf is the negativity of a transcript according to the Harvard IV-4 psychosocial
dictionary weighted by their term frequency and inverse document frequency. Control variables is
a vector of �rm-speci�c variables controlling for �rm size , total assets, leverage ratio, capex to total
assetsand �xed assets to total assets. All speci�cations include time and industry �xed e�ects. Robust
standard errors (in parentheses) are clustered by �rm. ***, ** and * denote statistical signi�cance at
the 1%, 5% and 10% levels, respectively.

measures based on the LMD dictionary in columns (3)-(4). As expected, we obtain,

both in columns (1) and (3), negative and statistically signi�cant coe�cients at the 1%

level onESG score. The magnitude of the coe�cients is comparable across both spec-

i�cations and suggest that a higher overall ESG performance is associated with a less

negative tone of shareholder statements, as captured by the LMD and Harvard-IV dic-

tionaries. Once again, we use industry-adjusted ESG scores, which capture particularly

well how a �rm is performing relative to its industry peer group.

When substituting the overall ESG score with individual pillar scores, the results

in columns (2) and (4) indicate that the social score has a more pronounced e�ect

on reducing the negativity of shareholders' tone during AGMs. Speci�cally, we ob-

tain negative and statistically signi�cant coe�cients at the 1% or 5% level onsocial

score in both columns, which underscores the importance of the social dimension for
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shareholders and corroborates our earlier �ndings. Furthermore, we �nd some evidence

suggesting that the governance performance is associated with a marginal reduction in

the proportion of negative words in shareholder statements, as shown by the negative

and signi�cant coe�cient on governance scorein column (4). Overall, the results once

again underscore the importance of the overall ESG performance, and they also under-

score the importance of the social and governance dimensions (in line with �gure IV.1)

for the tone of shareholders at AGMs in the form of negative statements.

In Table IV.12, we extend our analysis by disaggregating the pillar scores into their

respective theme scores. In Panel A, we employ adjusted negativity measures based

on the Harvard-IV dictionary as our main variables of interest, while in Panel B, we

perform the same analysis using the LMD dictionary. The results show that, irrespective

of the dictionary used, issues related to the use of natural resources, waste management,

human capital and business ethics are negatively associated with the negative tone of

shareholder statements at AGMs. Notably, these themes corroborate our prior �ndings

in Table IV.10 and underscore that when shareholders engage on these issues, they do

so with a negative tone. These results are also in line with the results for the regression

speci�cations in columns (1) and (3) in Table IV.11, but contrast with columns (2) and

(4) of the same table, where we found no strong statistical evidence for the link between

the environmental score and shareholder negative tone. This further highlights that not

all aspects of sustainability in�uence shareholder tone in the same way, underscoring

the complex relationship between ESG performance and shareholder soft engagement

on ESG issues at AGMs.
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Table IV.12: Relationship between ESG performance and HAR & LMD tone.

Panel A: Harvard-IV Dictionary

HAR �
tf:idf HAR �

tf:idf HAR �
tf:idf HAR �

tf:idf HAR �
tf:idf HAR �

tf:idf HAR �
tf:idf HAR �

tf:idf HAR �
tf:idf HAR �

tf:idf

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

Environmental opportunities scoret -0.066
(0.051)

Waste management scoret -0.059**
(0.027)

Climate change theme scoret 0.003
(0.018)

Natural resource usage scoret -0.062**
(0.025)

Log(scope 1) 0.020
(0.021)

Product safety scoret -0.038
(0.028)

Human capital scoret -0.031*
(0.017)

Social opportunities scoret -0.054
(0.046)

Corporate gov. scoret -0.003
(0.020)

Business Ethics scoret -0.062*
0.036

Controls Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Industry FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Observations 341 506 1,098 966 1304 794 1,093 289 1099 773
Adjusted R-squared 0.460 0.572 0.499 0.524 0.550 0.511 0.502 0.476 0.499 0.515

Continued on next page. . .
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Panel B: Loughran and McDonald Dictionary

LMD �
tf:idf LMD �

tf:idf LMD �
tf:idf LMD �

tf:idf LMD �
tf:idf LMD �

tf:idf LMD �
tf:idf LMD �

tf:idf LMD �
tf:idf LMD �

tf:idf

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

Environmental opportunities scoret -0.032
(0.039)

Waste management scoret -0.056**
(0.026)

Climate change theme scoret 0.000
(0.018)

Natural resource usage scoret -0.066***
(0.025)

Log(scope 1) 0.021
(0.023)

Product safety scoret -0.037
(0.030)

Human capital scoret -0.037**
(0.017)

Social opportunities scoret -0.051
(0.046)

Corporate gov. scoret 0.006
(0.021)

Business ethics scoret -0.073*
0.040

Controls Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Industry FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Observations 355 514 1,139 992 1,341 819 1,134 293 1140 816
Adjusted R-squared 0.395 0.550 0.455 0.483 0.410 0.455 0.459 0.447 0.455 0.482

Remark: This table reports coe�cients from OLS regressions of di�erent measures of shareholder tone on ESG scores and company characteristics.
Panel A focuses on the tone as measured by the Harvard IV-4 psychosocial dictionary, while Panel B examines the tone as measured by Loughran and
McDonald dictionary. LMD �

tf:idf is the negativity of a transcript according to the Loughran and McDonald (2011) dictionary weighted by their term
frequency and inverse document frequency.HAR �

tf:idf is the negativity of a transcript according to the Harvard IV-4 psychosocial dictionary weighted
by their term frequency and inverse document frequency. Control variables is a vector of �rm-speci�c variables controlling for�rm size , total assets,
leverage ratio, capex to total assetsand �xed assets to total assets. All speci�cations include time and industry �xed e�ects. Robust standard errors
(in parentheses) are clustered by �rm. ***, ** and * denote statistical signi�cance at the 1%, 5% and 10% levels, respectively.
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IV.4.5 Do shareholders walk the talk?

We have established the relationship between �rm ESG performance and the share of

ESG-related language in shareholder statements on the one hand, and the relationship

between �rm ESG performance and tone of shareholder statements at AGMs on the

other. In a �nal step, we explore the implications of shareholder tone at AGMs for

both company management and other forms of shareholder engagement. Our focus

is on proposals, speci�cally two key categories: management proposals initiated by

the company's leadership and shareholder proposals submitted by shareholders. The

underlying premise is that shareholders perceiving a gap between their expectations

and the �rm's track record may engage during AGMs not only through verbal criticism,

but also by signaling their discontent via their voting behavior � either by opposing

management-sponsored proposals or by strongly supporting shareholder proposals.

We begin by examining the relationship between shareholder tone and voting out-

comes for management-sponsored proposals. The core idea is that shareholders may

express their opinions not only through direct criticism during AGMs, but also by

�walking the talk�, i.e., expressing reduced support for management-sponsored propos-

als. Speci�cally, voting on management-sponsored proposals may provide shareholders

with an additional channel to express discontent and exert pressure on management.

For example, some of these management proposals, such as say-on-pay proposals, are

non-binding and highly symbolic (Fisch et al., 2018; Cuñat et al., 2015). Consequently,

we expect a degree of �alignment� between the overall tone of shareholders at the AGM

and voting behavior, as measured by voting outcomes for management proposals.16 To

do so, we estimate equation IV.6 and report the results in Table IV.13.

In columns (1), (3), (5), and (7), the main variable of interest is the mean percentage

of votes cast against management proposals at a given AGM. To address potential

outliers, columns (2), (4), (6), and (8) focus on the median percentage of such votes.

The negative tone at the AGM is measured based on adjusted negativity scores derived

from the Harvard IV-4 and LMD dictionaries. With the exception of columns (3)

16We acknowledge that some votes may be cast before the AGM and may not temporally result
directly from the AGM dialogue. We therefore emphasize the notion of alignment.
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Table IV.13: Relationship between shareholder tone and shareholder votes against man-
agement proposals.

Votes against
(mean) (median) (mean) (median) (mean) (median) (mean) (median)

(1) (2) (3) (4) (5) (6) (7) (8)

HAR �
tf:idf 0.319** 0.251* 0.280 0.221

(0.154) (0.143) (0.171) (0.151)
LMD �

tf:idf 0.335** 0.294** 0.247* 0.248**
(0.132) (0.126) (0.142) (0.121)

Controls Yes Yes Yes Yes Yes Yes Yes Yes
Firm FE No No Yes Yes No No Yes Yes
Industry FE Yes Yes No No Yes Yes No No
Year FE Yes Yes Yes Yes Yes Yes Yes Yes

Observations 1,302 1,302 1,302 1,302 1,337 1,337 1,337 1,337
Adjusted R-squared 0.392 0.498 0.554 0.573 0.398 0.490 0.533 0.548

Remark: This table reports the coe�cients from OLS regressions of shareholder approval rates on the
negativity of shareholder communication. Votes against denotes either the mean or the median of
the votes against management proposals for each AGM.HAR �

tf:idf is the negativity of a transcript
from the respective AGM according to the Harvard IV-4 psychosocial dictionary weighted its term
frequency and inverse document frequency.LMD �

tf:idf is the negativity of a transcript according to
the Loughran and McDonald (2011) dictionary weighted by its term frequency and inverse document
frequency. Control variables is a vector of �rm-speci�c variables controlling for �rm size , total assets,
leverage ratio, capex to total assetsand �xed assets to total assets. All speci�cations include time and
industry or �rm �xed e�ects. Robust standard errors (in parentheses) are clustered by �rm. ***, **
and * denote statistical signi�cance at the 1%, 5% and 10% levels, respectively.

and (4), all coe�cients on LMD �
tf:idf and HAR �

tf:idf are positive and signi�cant at the

5 or 10% level. We therefore �nd evidence for the relationship between shareholder

negative tone at AGMs and the voting outcomes of management-sponsored proposals.

More speci�cally, an increase of one standard deviation in the negativity of shareholder

communication is associated with an increase of around 0.28 percentage points (on

average) in votes against management proposals, when considering the average of the

statistically signi�cant coe�cients.

We extend our analysis by considering a speci�c category of management proposals,

namely the ones related to the election or re-election of directors, and use them as

a proxy for gauging management support. Several studies underscore that votes on

directors are used by shareholders are a way to express their dissent (see e.g., Cai

et al., 2009; Yermack, 2010; Van der Elst, 2011). Given the importance of director
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proposals in the context of shareholder activism, we examine the relationship between

negative tone and director approval rates, as reported in Table IV.14. Compared to

the �ndings in Table IV.13, the regression coe�cients in this analysis are both larger

in magnitude and statistically signi�cant across all speci�cations, expect for column

(3). Notably, the coe�cients on LMD �
tf:idf in columns (5) and (6) are positive and

statistically signi�cant at the 1% level, while the coe�cients on HAR �
tf:idf in columns

(1) and (2) are similarly positive and signi�cant at the 5% level. Since nearly every AGM

includes at least one director proposal, this allows for a comparison of the magnitude

of the coe�cients between Table IV.13 (which also contains proposals on directors)

and Table IV.14. The results indicate that, on average, an increase in the negativity

of shareholder tone is associated with higher disapproval rates for director proposals

compared to other management proposals. When comparing the averages of statistically

signi�cant coe�cients from Table IV.14 to those in Table IV.13, the results indicate an

average increase of 0.33 basis points in votes against directors associated with a more

negative tone of shareholders, compared to an average increase of 0.28 basis points in

votes against management proposals

While we have established that stronger ESG performance is associated with a re-

duction in the negativity in tone, we acknowledge that the negativity captured in the

analysis above may not solely or directly result from poor ESG performance. Other

factors may contribute to the negative tone, such as poor �nancial performance (see

e.g., Dimitrov and Jain 2011), or the fact that a �rm has paid its CEO more compen-

sation than expected (see e.g., Yermack, 2010). As a next step, we therefore turn to

shareholder-sponsored proposals and examine whether we �nd a relationship between

shareholder tone expressed at AGMs, the share of ESG communication, and the vot-

ing outcomes for ESG-related proposals. The rationale behind this analysis is that

an increased use of ESG-related language, coupled with a negative tone, may signal

heightened shareholder concerns about ESG issues. These heightened concerns may

be associated with higher approval rates for ESG proposals submitted by shareholders.

We estimate equation IV.7 and report the results in Table IV.15. This time, the main

variable of interest in each speci�cation corresponds to the approval rates for ESG-
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Table IV.14: Relationship between shareholder tone and shareholder votes against di-
rectors.

Votes against
(mean) (median) (mean) (median) (mean) (median) (mean) (median)

(1) (2) (3) (4) (5) (6) (7) (8)

HAR �
tf:idf 0.364** 0.346** 0.282 0.251*

(0.163) (0.149) (0.172) (0.151)
LMD �

tf:idf 0.404*** 0.389*** 0.289* 0.294**
(0.146) (0.135) (0.148) (0.126)

Controls Yes Yes Yes Yes Yes Yes Yes Yes
Firm FE No No Yes Yes No No Yes Yes
Industry FE Yes Yes No No Yes Yes No No
Year FE Yes Yes Yes Yes Yes Yes Yes Yes

Observations 1,298 1,298 1,298 1,298 1,334 1,334 1,334 1,334
Adjusted R-squared 0.469 0.483 0.612 0.590 0.471 0.480 0.598 0.574

Remark: This table reports the coe�cients from OLS regressions of shareholder approval rates on
the negativity of shareholder communication. Votes against denotes either the mean or the median
of the votes against director proposals for each AGM.HAR �

tf:idf is the negativity of a transcript
from the respective AGM according to the Harvard IV-4 psychosocial dictionary weighted its term
frequency and inverse document frequency.LMD �

tf:idf is the negativity of a transcript according to
the Loughran and McDonald (2011) dictionary weighted by its term frequency and inverse document
frequency. Control variables is a vector of �rm-speci�c variables controlling for �rm size , total assets,
leverage ratio, capex to total assetsand �xed assets to total assets. All speci�cations include time and
industry or �rm �xed e�ects. Robust standard errors (in parentheses) are clustered by �rm. ***, **
and * denote statistical signi�cance at the 1%, 5% and 10% levels, respectively.

related proposals, captured either by the mean or median percentage of votes in favor

of such proposals at each AGM. Once again, we include the median percentage of votes

to account for potential outliers.
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Table IV.15: Relationship between shareholder tone, ESG communication and shareholder votes for ESG proposals.

Votes for
(mean) (median) (mean) (median) (mean) (median) (mean) (median) (mean) (median) (mean) (median) (mean) (median) (mean) (median) (mean) (median)

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18)

HAR �
tf:idf -0.003 -0.003 -0.001 -0.001 0.001 0.001 0.004* 0.004*

(0.002) (0.002) (0.003) (0.003) (0.002) (0.002) (0.002) (0.002)
LMD �

tf:idf -0.003* -0.003** -0.003 -0.003 0.001 0.000 0.005** 0.004
(0.002) (0.002) (0.003) (0.002) (0.002) (0.002) (0.002) (0.002)

ENV tf:idf 0.001 0.001 0.003 0.002 0.003 0.002 0.002 0.001 0.002 0.002 0.002 0.001 0.002 0.001
(0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002)

SOCtf:idf -0.003** -0.002 -0.002* -0.002 -0.002 -0.001 -0.001 -0.001 -0.001 -0.001 -0.002 -0.002 -0.002 -0.002
(0.002) (0.002) (0.001) (0.001) (0.001) (0.001) (0.002) (0.002) (0.002) (0.002) (0.001) (0.001) (0.001) (0.002)

GOVtf:idf -0.002 -0.002 -0.002 -0.002 -0.001 -0.001 -0.002 -0.002 -0.002 -0.002 -0.001 -0.001 -0.001 -0.001
(0.002) (0.003) (0.003) (0.003) (0.002) (0.003) (0.003) (0.003) (0.003) (0.003) (0.003) (0.003) (0.002) (0.003)

HAR �
tf.idf � ENV tf.idf 0.000 0.000

(0.000) (0.000)
LMD �

tf.idf � ENV tf.idf 0.000 0.000
(0.000) (0.000)

HAR �
tf.idf � SOCtf.idf -0.001 -0.001

(0.001) (0.001)
LMD �

tf.idf � SOC�
tf.idf -0.001 -0.001

(0.001) (0.001)
HAR �

tf.idf � GOVtf.idf -0.002*** -0.002***
(0.001) (0.000)

LMD �
tf.idf � GOVtf.idf -0.002*** -0.002***

(0.001) (0.001)
Controls Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Industry FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Observations 1298 1298 1334 1334 1357 1357 1286 1286 1319 1319 1286 1286 1319 1319 1286 1286 1319 1319
Adj. R-squared 0.422 0.425 0.422 0.424 0.392 0.399 0.425 0.427 0.425 0.427 0.427 0.429 0.427 0.428 0.432 0.433 0.432 0.433

Remark: This table reports the coe�cients from OLS regressions of shareholder approval rates on the negativity of shareholder communication.Votes
for denotes either the mean or the median of the votes for shareholder ESG proposals for each AGM.HAR �

tf:idf is the negativity of a transcript from
the respective AGM according to the Harvard IV-4 psychosocial dictionary weighted its term frequency and inverse document frequency.LMD �

tf:idf
is the negativity of a transcript according to the Loughran and McDonald (2011) dictionary weighted by its term frequency and inverse document
frequency. ENV tf:idf , SOCtf:idf and GOVtf:idf are the shares of environmental, social and governance words weighted by their term frequency and
inverse document frequency, respectively. Control variables is a vector of �rm-speci�c variables controlling for�rm size , total assets, leverage ratio,
capex to total assetsand �xed assets to total assets. All speci�cations include time and industry or �rm �xed e�ects. Robust standard errors (in
parentheses) are clustered by �rm. ***, ** and * denote statistical signi�cance at the 1%, 5% and 10% levels, respectively.
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Overall, the results provide little support for our hypothesis. In most speci�cations,

a more negative shareholder tone is associated with a statistically insigni�cant decrease

in support for ESG proposals. In columns (3) and (4), we obtain a statistically negative

and signi�cant coe�cient at the 10% level on LMD �
tf:idf . The coe�cients for ESG

communication in columns (5) and (6) vary between positive and negative values and

are predominantly statistically insigni�cant. Lastly, the results in columns (15)�(18)

fail to establish a clear pattern. Consequently, we cannot infer from these results that

increased shareholder soft engagement on ESG issues is aligned with higher approval

rates for ESG-related shareholder proposals. While some shareholders who raise ESG

concerns verbally during AGMs might also be more inclined to vote in favor of such

proposals (see e.g., Dikolli et al., 2022), this engagement does not appear to have a

mobilizing e�ect and generate broader support for shareholder proposals. There could

be several explanations for this results. First, these �ndings are not entirely surprising

given the limited number of ESG-related shareholder proposals that pass with majority

votes (see e.g., Berkman et al., 2024). Furthermore, as highlighted in this study, AGMs

attract a diverse array of shareholders with varying interests, emphasizing the need to

look beyond proposal voting as the sole indicator of shareholder engagement.

IV.5 Conclusion

Although shareholders' right to speak at AGMs is a public and cost-e�ective avenue for

shareholder engagement, little is known about the content and tone of their questions

and comments in interacting with management. In particular, the relationship between

this form of soft engagement and sustainability concerns has not yet been explored.

Using a large sample of AGM transcripts, this paper aims to address this gap by

examining the dynamics of shareholder soft engagement on ESG issues.

By analyzing the spectrum of sustainability issues raised and examining how dif-

ferent types of institutional and non-institutional shareholders engage on these topics,

our study sheds light on the role of AGMs as an important platform for shareholder

soft engagement. Overall, we show that sustainability topics are an integral part of
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shareholder communication at AGMs for all shareholder categories. This is, however,

particularly true for institutional shareholders. These �ndings are consistent with prior

research highlighting the role of shareholders serving as �norm promoters� on capital

markets (Sjöström, 2009). In addition, our study provides robust evidence of the re-

lationship between the proportion of words on sustainability aspects and the negative

tone at shareholder meetings, suggesting that shareholders who address sustainabil-

ity issues do so by adopting a negative tone. Finally, we also show that shareholders

align to some degree their words with actions, in particular by being less supportive of

management-sponsored and directors proposals.

Our �ndings also have important implications for practice. First, they underscore

that aside from the questions and comments raised, the sentiment expressed by share-

holders during AGMs can serve as an important barometer of �rm's ability (or inability)

to meet certain shareholder, and in a broader context, societal expectations. By iden-

tifying and analyzing these patterns, �rms can better understand the concerns of their

diverse shareholder base and adapt their strategies accordingly. Second, the relevance

of sustainability-related topics re�ects an increasing expectation towards �rms to focus

more on explicitly and e�ectively on ESG performance. As such, AGMs as more than

procedural gatherings. They are strategic opportunities to demonstrate accountability

and progress in sustainability e�orts. While the emergence of an �ESG backlash� begin-

ning in 2022�2023 may alter this dynamic, �rms and their management teams should

carefully re�ect on what these shifting sentiments mean for their ESG positioning at

AGMs and adapt accordingly.
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Carbon footprints and equity risk assessments

Abstract

We examine the relationship between greenhouse gas (GHG) emissions and

equity risks. First, we �nd that �rms with higher levels of scope 1 and scope

2 GHG emissions are associated with higher equity risks. Our results hold

for both size-adjusted and industry-adjusted emissions. In contrast, our

results do not reveal any clear relationship between scope 3 GHG emissions

and equity risks. We further disentangle the risk e�ects associated with

GHG emissions by considering the disclosure of this information per se. We

show that investors attribute lower equity risks to GHG reporting �rms than

to non-reporting �rms, indicating a strong value placed on transparency in

this reporting area. Overall, our evidence is consistent with the view that

investors increasingly consider GHG emissions in their investment decision-

making.

JEL Classi�cation: G11, G32, G34, O16, Q54, Q56

Keywords: GHG emissions, carbon disclosure, equity risks
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V.1 Introduction

In recent years, a growing body of literature has documented the importance of non-

�nancial activities, often referred to as �corporate social responsibility� (CSR), to obtain

a more comprehensive picture of a company's risk pro�le, particularly in the context of

equity risks (see e.g., Oikonomou et al., 2012; Albuquerque et al., 2019; Bannier et al.,

2022). Notably, the evidence suggests that CSR practices can help mitigate risks by

creating moral capital for �rms, thus serving as a form of �insurance-like� protection

(Godfrey et al., 2009). Such protection reduces the likelihood of adverse events and

contributes to safeguarding shareholder value in the event of such occurrences (Godfrey

et al., 2009; Diemont et al., 2015; Sassen et al., 2016; Hoepner et al., 2022; Monti et al.,

2019; Albuquerque et al., 2020).

Despite the increasing focus on CSR, one area that has received relatively little

scholarly attention is the role of corporate greenhouse gas (GHG) emissions as a distinct

component of CSR.1 In this paper, we address this gap by exploring the relationship

between GHG emissions and equity risks. Speci�cally, we examine the three GHG

emission scopes outlined in the GHG Protocol (World Business Council for Sustainable

Development and World Resources Institute, 2004), a widely adopted framework for

assessing a �rm's total carbon footprint (Kau�mann and Teichmann, 2012). The GHG

Protocol distinguishes between scope 1 (direct emissions), scope 2 (indirect emissions

from purchased energy), and scope 3 (indirect emissions across the value chain).2

Bolton and Kacperczyk (2021) provide initial evidence of a potential link between

GHG emissions and equity risks by identifying a carbon risk premium re�ected in higher

stock returns of �rms with higher levels of GHG emissions. Interestingly, their study

�nds a positive and signi�cant relationship between GHG emissions and stock returns

1For an overview of GHGs, please refer to Section V.3.2. Even though GHGs include a variety of
chemical gases, the literature applies the terms �carbon� and �GHG� synonymously.

2A limited focus only one part of corporate GHG emissions, such as direct GHG emissions (scope
1), may lead to misinterpreting the company's actual GHG exposure (World Business Council for
Sustainable Development and World Resources Institute, 2004). For example, a car manufacturing
company could have an extremely e�cient factory run on renewable energy with very low scope 1
emissions, while producing highly fuel-ine�cient cars at the same time, which would result in high
scope 3 emissions. Most importantly, a �rm's e�orts to reduce scope 1 GHG emissions may not have
the same impact on investors' perception as similar e�orts to reduce scope 3 GHG emissions.
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across all three scopes. In particular, they report that �rms with higher direct emissions

(scope 1) as well as those with higher indirect emissions (scope 2 and scope 3) exhibit

higher stock returns. These �ndings suggest that investors require a risk premium to

hold shares in �rms with higher GHG emissions. As returns are expected to compensate

for risk, we posit that higher levels of scope 1, scope 2, and scope 3 GHG emissions are

associated with higher �rm equity risks.

Our study is based on a large sample of European �rms and covers the period

2010�2020. Following Hoepner et al. (2022) and Bannier et al. (2022), we employ

di�erent measures of equity risks that capture both standard and downside risks. In

addition to examining GHG emissions, we also account for the regulatory disclosure

setting in which this data is reported, building on the growing literature on mandatory

CSR-related disclosures (Christensen et al., 2017; Mittelbach-Hörmanseder et al., 2020;

Jouvenot and Krueger, 2019; Grewal, 2021). Since our analysis focuses on a European

sample, we leverage the unique GHG disclosure regulations in France and the United

Kingdom (UK) to examine whether the strength and signi�cance of the relationship

between GHG emissions and equity risk varies across di�erent reporting contexts.3

In doing so, our paper yields three main sets of �ndings. First, we �nd a positive and

statistically signi�cant relationship between scope 1 GHG emissions and equity risks,

as well as between scope 2 GHG emissions and equity risks. This relationship is even

stronger in the case of scope 2 GHG emissions, where the coe�cients and signi�cance are

comparatively higher. These results hold when using both size-adjusted GHG emissions

and industry-adjusted GHG emissions as explanatory variables. For scope 3 GHG

emissions, in contrast, we do not �nd a clear association with equity risks. Taken

together, these �ndings suggest that �rms with higher scope 1 or scope 2 emissions

relative to their industry peers of similar size are associated with higher equity risks.

In the second part of our analysis, we further disentangle these relationships by

examining the role of the disclosure setting. Given that France and the UK have im-

3A law passed in 2012 in the United Kingdom requires all UK-incorporated publicly traded com-
panies to report scope 1 and scope 2 GHG emissions in their annual �nancial reports. In France,
the Grenelle II Act, which was passed in 2011, introduces similar GHG reporting requirements for
companies with at least 500 employees. The regulation includes direct and indirect emissions linked
to the consumption of electricity, heat or steam (scopes 1 and 2).
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plemented mandatory GHG reporting regulations � and that �rms from these two

countries comprise roughly 43% of our sample � we split the sample into two sub-

groups. The �rst sub-sample includes only UK and French �rms, while the second

excludes them entirely. Interestingly, our results indicate that the relationship between

scope 1 and scope 2 GHG emissions and equity risks is weaker in the UK and French

sub-sample, both in terms of coe�cient sizes and statistical signi�cance. Conversely,

the relationship is stronger in the sub-sample of �rms from countries without manda-

tory GHG disclosure requirements. This �nding suggests that investors' perceptions

of risk are shaped by the broader institutional disclosure environment, aligning with

prior literature (e.g., Mittelbach-Hörmanseder et al., 2020), who �nd that the value

relevance of CSR disclosure decreases in countries where CSR information is prioritized

by regulation.

Finally, we examine the equity risks associated with GHG disclosure itself by com-

paring �rms that report GHG emissions to those that do not. To achieve this, we

expand our sample to include all European companies for which equity risk measures

and control variables are available. Our �ndings indicate that, overall, �rms disclosing

GHG information exhibit lower equity risks compared to their non-disclosing counter-

parts. This relationship remains robust even after accounting for potential selection bias

through a matching procedure, which helps balance out structural di�erences between

the two groups. These results suggest that investors value transparency regarding GHG

emissions, aligning with the notion that capital markets consider not only a �rm's GHG

emissions levels, but also the act of disclosure (Matsumura et al., 2013).

Overall, our �ndings highlight the complex mechanisms underlying investors' re-

sponse to GHG emissions. As noted by Matsumura et al. (2013), �markets penalize

all �rms for their carbon emissions, but a further penalty is imposed on �rms that do

not disclose emissions information� (pp. 695�696, Matsumura et al. 2013). While �rms

with higher GHG emissions � particularly in scope 1 and scope 2 � are associated

with higher equity risks, the disclosure of emissions data appears to mitigate some of

this risk perception. In this regard, disclosure may act as a trust-building mechanism

between �rms and investors. By contrast, �rms that opt not to disclose their emissions
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may be subject to an additional risk premium imposed by the market. Taken together,

our results reinforce the view that investors consider GHG emissions a material risk

factor.

The remainder of this paper proceeds as follows: Section V.2 reviews the literature

and derives our hypotheses. Section V.3 outlines the data and delineates the variables

construction as well as the methodological approach. Section V.4 presents our results

regarding the relationship between the three di�erent GHG emissions scopes and equity

risks. Section V.5 investigates the strength and signi�cance of this relationship in a

mandatory disclosure setting. Section V.6 provides further insights by comparing the

equity risks associated with GHG reporting companies versus non-reporting companies.

Section V.7 discusses potential implications of our results and concludes.

V.2 Literature review and hypotheses

Our analysis of the relationship between greenhouse gas emissions and equity risks

builds upon several interconnected strands of literature. Speci�cally, we contribute

to the expanding body of research on corporate carbon-related risks (Ho�mann and

Busch, 2008; Jung et al., 2018; Bolton and Kacperczyk, 2021). Carbon-related risks,

encompassing business model vulnerabilities, reputational challenges, and regulatory

pressures, can have important broader �nancial implications. Understanding how �rms

manage these risks is therefore critical.

From a business model perspective, Garvey et al. (2018) report that there is a

�fundamental connection between carbon emissions and overall productive e�ciency�

(p.59, Garvey et al. 2018). Their research suggests that �rms emitting lower GHG levels

than their industry peers tend to operate more e�ciently, resulting in improved future

pro�tability. On the reputational front, �rms perceived as environmentally irresponsible

by society are more susceptible to reputational damage, which can undermine their

competitive position and future cash �ows (Sullivan and Gouldson, 2012; Jung et al.,

2018). Regulatory risks are another critical aspect of carbon-related risks. Firms with

high GHG emissions are more vulnerable to the future costs associated with government
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policies on carbon dioxide emissions, including carbon taxes and emissions trading

schemes (Sullivan and Gouldson, 2012; Litterman, 2016; Jung et al., 2018; Trinks et al.,

2020).

In light of these risks, investors increasingly appear to demand compensation for

exposure to carbon-intensive business models. Bolton and Kacperczyk (2021) identify

a �carbon premium�, suggesting that investors require a risk premium for investing in

�rms with high GHG emissions. Ilhan et al. (2020) �nd that carbon emissions increase

downside risk, as re�ected in out of the money put option prices. Conversely, Sassen

et al. (2016) report that a higher environmental performance reduces idiosyncratic risk,

while Monti et al. (2019) �nd that CSR activities are negatively associated with stock

price volatility, downside risk and idiosyncratic risk. Given the substantial evidence

supporting a negative relationship between high CSR performance and equity risks,

alongside the growing tendency of investors to consider carbon-related risks in their

�nancial decision-making, we expect a positive association between GHG emissions

and equity risks. Based on this reasoning, we propose the following hypotheses:

Hypothesis 1a: Firms with higher scope 1 emissions are associated with higher equity

risks

Hypothesis 1b: Firms with higher scope 2 emissions are associated with higher equity

risks

Hypothesis 1c: Firms with higher scope 3 emissions are associated with higher equity

risks

In addition to �rm-speci�c di�erences, important di�erences also exist across indus-

tries (Brännlund et al., 2015). Within the EU, the transport, energy, and manufacturing

sectors were among the largest contributors to GHG emissions in 2019, accounting for

26%, 24%, and 12% of total emissions, respectively (Eurostat, 2021). These industry-

speci�c disparities are also evident in our dataset. While most of the GHG emissions

in the utilities and real estate sectors are scope 1 emissions, this category of emissions

represents only a very small portion of total GHG emissions in the �nancial sector. We

therefore propose an additional measure of GHG emissions and benchmark these emis-

sions for each industry in our sample. This allows us to identify whether a �rm emits
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more scope 1, scope 2 or scope 3 GHG than its industry peers. Based on the previous

hypotheses, we posit that �rms with higher GHG emissions than their industry peers

are associated with higher equity risks. In this context, we formulate the following

hypotheses:

Hypothesis 2a: Firms with higher industry-adjusted scope 1 emissions are associated

with higher equity risks

Hypothesis 2b: Firms with higher industry-adjusted scope 2 emissions are associated

with higher equity risks

Hypothesis 2c: Firms with higher industry-adjusted scope 3 emissions are associated

with higher equity risks

To further investigate the determinants of equity risks associated with GHG emis-

sions, we focus on the role of GHG disclosure. The disclosure of GHG information can

serve as an initial indicator of a �rm's awareness of carbon risks and its e�orts in car-

bon risk management (Jung et al., 2018). Conversely, a lack of disclosure may suggest

that carbon-related issues are not a priority for the �rm (Sullivan and Gouldson, 2012).

Supporting this perspective, several studies show that �rms disclosing GHG emissions

are more likely to integrate carbon risks into their overall risk management systems

and subsequently improve their carbon performance (Subramaniam et al., 2015; Jung

et al., 2018; Bauckloh et al., 2022; Jouvenot and Krueger, 2019).

In addition, GHG disclosure makes �rm's exposure to carbon-related risks more

predictable. For example, environmental disclosures contribute to a more precise as-

sessment of a �rm's competitive position (Clarkson et al., 2013), future cash �ows (Aerts

et al., 2008), and asset pricing (Liesen et al., 2016). Matsumura et al. (2013) �nd that

higher GHG emissions are associated with lower �rm valuations, but that voluntary

disclosure of GHG emissions can mitigate these negative valuation e�ects. This high-

lights the importance of the disclosure setting � whether mandatory or voluntary � in

shaping investor perceptions. Building on this reasoning, we hypothesize the following:

Hypothesis 3: Firms that disclose their GHG emissions are associated with lower

equity risks than �rms that do not disclose their GHG emissions.
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Table V.1: Yearly composition of reporting �rms.

Year N %

2010 428 5.33%
2011 478 5.96%
2012 499 6.22%
2013 521 6.49%
2014 555 6.92%
2015 620 7.73%
2016 677 8.44%
2017 791 9.86%
2018 1,030 12.84%
2019 1,201 14.97%
2020 1,223 15.24%

Total 8,023 100%

Remark: This table presents the yearly composition and development of the sample of GHG reporting
�rms.

V.3 Data, variables and methodology

V.3.1 Sample overview

Our sample comprises all European �rms that have available GHG emissions data in the

Re�nitiv database over the period from 2010 to 2020.4 The �nal data set displays 8,023

�rm-year observations. Since the number of companies reporting their GHG emissions

increases over time, data coverage from Re�nitiv improves and, hence, leads to a rise

in the number of observations in our sample over time. Table V.1 illustrates the yearly

data coverage and its development over the sample period. We focus on a European

sample due to higher data availability with regard to GHG emissions. In addition,

similar to prior studies on GHG disclosure (e.g., Grewal, 2021; Jouvenot and Krueger,

2019), the reporting schemes in countries such as France and the UK allow us to cover

a large number of �rms over a long period of time.

Table V.2 displays the industry composition of our sample according to TRBC

4We are aware that our sample period includes the Covid-19 crisis, which led to signi�cant down-
turns in capital markets. As we calculate equity risks based on the stock return distribution, this
could have an impact on the relationship. However, we can replicate our �ndings, when excluding the
Covid-19 period (year 2020). Results are available upon request from the authors.
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Business Sector codes in Panel A, as well as the country composition in Panel B for

all �rms disclosing GHG data. About 9.32% of the �rms in our sample belong to

the Industrial & Commercial services sector, followed by �rms in the Industrial goods

sector with 8.62%, the Real estate sector with 6.36% and the Cyclical consumer services

sector with 5.81%. Panel B in Table V.2 shows the distribution of �rms across European

countries. About 32% of the companies are headquartered in the UK, followed by France

with 10.6%. This is likely due to the fact that both the UK and France have mandatory

GHG emissions reporting schemes, which are legally binding for speci�c publicly listed

companies and for �rms with 500 or more employees. As more than 40% of our sample

consists of �rms headquartered in these two countries, we perform separate analyses

with and without these �rms in a robustness check as shown in Section V.5.

V.3.2 Variables

Dependent variables

Following Bannier et al. (2022), we employ a variety of equity risk variables to capture

�rm standard risk and downside risk. First, we calculate the stock volatility, i.e.,

standard deviation, � of a �rm's daily stock returns in the respective year. Second,

we estimate the idiosyncratic risk� � based on the annual beta calculated from daily

returns with the capital asset pricing model. To calculate the beta values in a �rst step,

we use the daily Fama-French market returns that can be downloaded from Kenneth

French's website. The idiosyncratic risk� � is then estimated according to the following

formula:

� � i;t =
q

� 2
i;t � � 2

i;t � � 2
m t

(V.1)

Here,� i;t captures �rm i 's stock volatility in year t, the CAPM estimation of a �rm's

yearly beta value is represented by the� i;t and, �nally, � m t captures the volatility of

the Fama-French market return based on daily returns in yeart. Hence, � � i;t is the

unsystematic risk of a �rm's return distribution, i.e., the risk which is not attributable

to overall market developments.

With regard to downside risk measures, we follow Hoepner et al. (2022), Monti et al.
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Table V.2: Industry and country sample composition for GHG reporting �rms.

Panel A: Industry Composition Panel B: Country Composition

Industry N % Country N %

Academic & educational services 4 0.05% Austria 122 1.52%
Applied resources 157 1.96% Belgium 179 2.23%
Automobiles & auto parts 210 2.62% Cyprus 2 0.02%
Banking & investment services 333 4.15% Czech Republic 11 0.14%
Chemicals 336 4.19% Denmark 209 2.61%
Collective investments 2 0.02% Faroe Islands 3 0.04%
Consumer goods conglomerates 47 0.59% Finland 288 3.59%
Cyclical consumer products 413 5.15% France 850 10.59%
Cyclical consumer services 466 5.81% Germany 730 9.10%
Energy � fossil fuels 452 5.64% Gibraltar 3 0.04%
Financial technology (�ntech) & infras-
tructure

12 0.15% Greece 54 0.67%

Food & beverages 355 4.43% Guernsey 2 0.02%
Food & drug retailing 147 1.83% Hungary 22 0.27%
Healthcare services & equipment 207 2.58% Iceland 2 0.02%
Industrial & commercial services 747 9.32% Ireland, Republic of 176 2.19%
Industrial goods 691 8.62% Isle of Man 15 0.19%
Insurance 308 3.84% Italy 383 4.77%
Investment holding companies 29 0.36% Jersey 25 0.31%
Mineral resources 391 4.88% Luxembourg 95 1.18%
Personal & household products & ser-
vices

109 1.36% Malta 6 0.07%

Pharmaceuticals & medical research 253 3.16% Netherlands 296 3.69%
Real estate 510 6.36% Norway 222 2.77%
Renewable energy 41 0.51% Poland 75 0.93%
Retailers 294 3.67% Portugal 78 0.97%
Software & IT services 273 3.40% Romania 1 0.01%
Technology equipment 251 3.13% Russia 118 1.47%
Telecommunications services 292 3.64% Slovenia 3 0.04%
Transportation 307 3.83% Spain 387 4.82%
Uranium 0 0.00% Sweden 595 7.42%
Utilities 386 4.81% Switzerland 483 6.02%

Ukraine 9 0.11%
United Kingdom 2,579 32.15%

Total 8,023 100% Total 8,023 100%

Remark: This table presents the industry composition according to TRBC Business Sector codes
(Panel A) as well as the country composition (Panel B) for the sample of European GHG reporting
�rms.
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(2019) and Bannier et al. (2022) and apply the value at risk (VaR), the conditional value

at risk (CVaR) as well as lower partial moments (LPM) of the second and third order.

We calculate the yearly values for the VaR as the 5%-quantile of the distribution of

daily stock returns. Instead of the negative �gures, we work with their absolute values

in the later analyses so that higher VaR values can be interpreted as higher downside

equity risks. The expected shortfall or CVaR captures all daily returns below the value

at risk of a �rm in a respective year. It estimates the average of all these daily returns

below the VaR threshold. We also apply the CVaR in absolute values. Moreover, we

calculate LPM(0,2) and LPM(0,3) following Bawa (1975) and Fishburn (1977), based

on daily stock returns in the respective year. Both variables do only take returns below

a 0%-threshold into account. Following Bannier et al. (2022), we employ the square root

of LPM(0,2) and the cube root of LPM(0,3). The LPM(0,2) is calculated as follows:

LPM (0; 2) =

vu
u
t 1

N

NX

i =1

(Rn;i )2 (V.2)

The LPM(0,3) is calculated according to the following equation:

LPM (0; 3) = 3

vu
u
t 1

N

NX

i =1

(jRn;i j)3 (V.3)

In both equations (V.2 & V.3), Rn;i captures all daily negative stock returns of �rm

i. N represents the number of these negative returns in the respective years.

Explanatory variables

We follow the approach in Jouvenot and Krueger (2019) and retrieve �rm-level GHG

emissions data from the Re�nitiv (formerly Thomson Reuters) database. As of today,

�rm-level carbon emissions data are gathered by seven main providers: CDP, Re�nitiv,

MSCI, Sustainalytics, Trucost, Bloomberg, and ISS (Bolton and Kacperczyk, 2021).

GHG data are consistent across data providers, which justi�es relying on a single data

provider (Busch et al., 2020; Jouvenot and Krueger, 2019).
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The �rm-level GHG emissions data retrieved from Re�nitiv are categorized into

three distinct scopes, as de�ned by the GHG Protocol (World Business Council for

Sustainable Development and World Resources Institute, 2004), a widely recognized

standard for measuring corporate emissions (Kau�mann and Teichmann, 2012). Scope

1 encompasses direct GHG emissions that originate from sources owned or controlled by

the �rm, such as emissions from on-site operations or company-owned vehicles. Scope

2 includes indirect GHG emissions resulting from the consumption of purchased energy,

such as electricity, heat, or steam, required for the production of goods and services.

Lastly, scope 3 covers all other indirect GHG emissions across the �rm's value chain,

both upstream (e.g., emissions from suppliers) and downstream (e.g., emissions from

the use or disposal of the �rm's products) (World Business Council for Sustainable

Development and World Resources Institute, 2004). According to Re�nitiv, all three

scopes measure CO2 or CO2 equivalent in tonnes and include the following greenhouse

gases: carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), hydro�ourorcar-

bons (HFCS), per�ourinated compound (PFCS), sulfur hexa�ouride (SF6) and nitrogen

tri�ouride (NF3).

Scope 1 and Scope 2 emissions are generally easier to measure, and mandatory dis-

closure schemes covering these scopes are in place in certain countries, such as the UK

and France (Grewal, 2021; Bolton and Kacperczyk, 2021). Consequently, these emis-

sions have been more systematically reported and are typically estimated with greater

accuracy by �rms. As a result, there is relatively little variation in the reported scope

1 and scope 2 emissions data across di�erent data providers (Busch et al., 2020; Bolton

and Kacperczyk, 2021). In contrast, scope 3 emissions are signi�cantly more challenging

to estimate accurately and are often not subject to mandatory reporting requirements

(World Business Council for Sustainable Development and World Resources Institute,

2004; Depoers et al., 2014; Busch et al., 2020).

As form size is one of the main determinants of carbon intensity at the �rm level,

it is reasonable to focus on the amount of emissions relative to a proxy for �rm size

rather than on the absolute emissions level (UNEP FI, 2013; Kim et al., 2015; Goergen

et al., 2017; Jung et al., 2018). Thus, we follow the prior literature (e.g., Bolton and
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Kacperczyk, 2021) and scale all three of our explanatory variables (GHG scope 1, GHG

scope 2and GHG scope 3) by the total sales of each company, resulting in tons per

$100 total sales.

In addition to �rm size, carbon emissions also depend on the industry in which a

�rm operates (Brännlund et al., 2015). For this reason, we develop a second measure of

GHG emissions that also takes into account industry e�ects by benchmarking a �rm's

emissions (scope 1, scope 2 and scope 3) against the respective industry. More precisely,

we subtract the annual averages of the scope 1, scope 2 and scope 3 emissions in the

respective TRBC business sectors from the �rm's scope 1, scope 2 or scope 3 GHG

emissions, resulting in the variablesBM GHG scope 1, BM GHG scope 2and BM GHG

scope 3, each scaled by total sales. For these variables, values greater than zero indicate

higher GHG emissions in comparison to the respective industry peers and vice versa.

Control variables

In order to reduce the issue of omitted variables in our analyses, we make use of an ex-

tensive number of �rm-speci�c control variables that have been shown to be relevant in

the earlier literature. El Ghoul et al. (2011) show a special relevance of a �rm'sLeverage

- calculated as total liabilities divided by total assets - and itsSize - calculated as the

natural logarithm of total assets - for the �rm's risk. A higher Leverageis associated

with increased cost of equity premiums, while increased �rmSize seems to mitigate

and reduce a �rm's risk more generally. Several studies indicate the importance of

Pro�tability and Sales growthto control for company characteristics (e.g., Titman and

Wessels, 1988; Capon et al., 1990). More speci�cally, Brailsford et al. (2002) provides

evidence for the risk-reducing capabilities of both variables, as a higherPro�tability and

larger growth rates result in lower risks for �rms. Consequently, we includePro�tability ,

calculated as operating income divided by total assets and the �rms'Sales growth, com-

puted as the annual growth rate of total revenues into the regression models. Finally,

our set of control variables also comprises theDividend yield. Hoepner et al. (2022) and

Oikonomou et al. (2012) show a special relevance of theDividend yield for �rms' equity

risks, which sets the distributed dividends in a year into relation to the �rms' share
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price. They argue that the dividend yield re�ects management's expectation of future

earnings and may correspondingly mitigate the market's equity risk assessment. We

winsorize all control and risk variables at 1% in order to limit the in�uence of outliers.

Descriptive statistics

Table V.3 presents the descriptive statistics of our sample. Panel A illustrates the

values for our equity risk measures. The average �rm has a stock volatility of 2% and

an idiosyncratic volatility of 1.7%. With regard to downside risk measures, the mean

value at risk indicates that the 5% worst return is at -3.1%. Below this VaR threshold,

the average negative return (expected shortfall) lies at -4.5%, which is re�ected in the

mean value of the CVaR. The Lower Partial Moment variables, with a threshold of

returns below 0, indicate that the LPM(0,2) is on average 2.0%. The LPM(0,3) takes

a value of 2.7%.

The values for the GHG emissions variables in Panel B suggest that �rms emit on

average 3 million tons of scope 1 GHG emissions and are responsible for 0.48 million

tons of scope 2 GHG emissions. Scope 3 GHG emissions, with a mean value of 12.45

million tons, represent a much larger proportion of emissions than scope 1 and scope

2 emissions. As previously mentioned, the calculation of scope 3 GHG emissions is

rather di�cult for some industries and their reporting is not legally binding in Europe.

Our descriptive statistics support this fact, as the number of observations for scope 3

emissions is signi�cantly lower than for scope 1 and scope 2 emissions.

The following three emissions variables take the �rm's size into account and scale

the di�erent GHG emissions scopes according to total sales. With regard to scope

1, the average �rm emits 0.02 tons per $100 of total sales, while the mean value for

scope 2 is signi�cantly lower at 0.007 emissions. Scope 3 GHG emissions are on average

at 0.062 tons per $100 of total sales. Finally, these size-adjusted GHG emissions are

benchmarked against the respective industrial sector. Since the sector averages are

subtracted from the size-dependent emissions of the companies, the averages of the

three scopes are naturally 0.

The control variables displayed in Panel C show that the average GHG reporting
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Table V.3: Descriptive statistics.

N Mean Std. dev. Min. Max.

Panel A: Risk measures
� 8,023 2.007 0.875 0.816 5.404
� � 8,023 1.731 0.816 0.720 5.106
VaR 8,023 3.115 1.295 1.190 7.822
CVaR 8,023 4.547 2.073 1.724 12.439
LPM(0,2) 8,023 2.018 0.879 0.837 5.431
LPM(0,3) 8,023 2.652 1.316 1.039 8.176

Panel B: Greenhouse gas variables
GHG emissions
GHG Scope 1 (in Mio. tons) 7,640 2.998 13.885 0.000 181.700
GHG Scope 2 (in Mio. tons) 7,552 0.479 1.680 0.000 28.100
GHG Scope 3 (in Mio. tons) 5,078 12.452 62.186 0.000 1154.66
Size-adjusted GHG emissions
GHG Scope 1 / Sales 7,638 0.021 0.107 0.000 6.110
GHG Scope 2 / Sales 7,550 0.007 0.112 -0.001 8.217
GHG Scope 3 / Sales 5,076 0.062 1.246 -0.002 87.035
Industry and size-adjusted GHG emissions
BM GHG Scope 1 7,638 0.000 0.100 -0.189 5.962
BM GHG Scope 2 7,550 0.000 0.110 -0.184 8.033
BM GHG Scope 3 5,076 0.001 1.217 -3.962 83.073

Panel C: Control variables
Leverage 8,023 0.616 0.195 0.121 1.100
Sales growth 8,023 0.044 0.204 -0.547 1.298
Pro�tability 8,023 0.071 0.078 -0.199 0.365
Dividend yield 8,023 0.021 0.024 0.000 0.111
Size 8,023 22.646 1.874 17.780 27.503

Remark: This table presents the descriptive statistics for GHG reporting �rms. Panel A provides
descriptive statistics for the equity risk measures,Panel B for the GHG emissions variables andPanel
C for the control variables.
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�rm in our sample has a Leverageclose to 62% and that its revenues grow yearly by

4.4%. On average, thePro�tability of the analyzed �rms is 7.1% and theDividend yield

has a value of 2.1%.Size is calculated as the natural logarithm of total assets and is

on average 22.65.

V.3.3 Methodology

To examine the relationship between GHG emissions and �rm equity risks, we estimate

panel �xed-e�ects regressions that account for variance over time by including time

�xed-e�ects over the sample period from 2010 to 2020. Equation V.4 presents the

regression equation:

yi;t = � 1GHG i;t + 
 0x i;t + � i + ' t + � i;t : (V.4)

In our regression results, the coe�cient� 1 represents the variable of interest as it

captures the e�ect of the GHG emissions variables, i.e., scope 1, scope 2 and scope

3, either adjusted for size only, or adjusted for both size and industry, on �rm equity

risks. Furthermore,x i;t is a vector of additional control variables, which are outlined in

Section V.3.2 and� i + ' t are time-constant �rm e�ects and �rm-constant time e�ects

that are unobservable.� i;t denotes the error-term.

Although the relation between CSR and risk may be less prone to endogeneity

concerns than the relation between CSR and �rm value (Cheng et al., 2013), we take

several attenuating measures: In order to reduce the problem of omitted variables in

our analyses, we make use of an extensive number of �rm-speci�c control variables that

have been shown to be relevant in the earlier literature. In addition, we include year-

�xed e�ects in all our �rm-level analyses to control for unobservable time e�ects and

hence facilitate the identi�cation of the marginal e�ect of interest. Furthermore, even

though a �rm's decision to report GHG data is unlikely to be completely random, this

e�ect is, however, largely mitigated by the fact that almost half of our sample consists

of �rms that are headquartered in countries with mandatory reporting schemes. We

also employ an extensive propensity score matching procedure to address a potential
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selection bias four our analysis of H3.

V.4 GHG emissions and equity risks

V.4.1 Size-adjusted GHG emissions

In a �rst step, we test our hypotheses H1a, H1b, and H1c as outlined in section V.2.

The results are shown in Table V.4. In Panel A, we report the results for size-adjusted

scope 1 GHG emissions. In Panel B, we show the results for size-adjusted scope 2 GHG

emissions, and in Panel C for size-adjusted scope 3 GHG emissions.

Table V.4: Size-adjusted GHG emissions and equity risks.

(1) (2) (3) (4) (5) (6)

� � � VaR CVaR LPM(0,2) LPM(0,3)

Panel A: Scope 1 GHG emissions / Sales

GHG emissions 0.226*** 0.200** 0.050 0.383* 0.200* 0.450***

(0.071) (0.091) (0.121) (0.230) (0.103) (0.167)

Leverage 0.846*** 0.859*** 0.967*** 1.542*** 0.696*** 0.969***

(0.144) (0.145) (0.188) (0.316) (0.134) (0.206)

Sales growth -0.146*** -0.118*** -0.269*** -0.442*** -0.175*** -0.260***

(0.043) (0.041) (0.065) (0.110) (0.046) (0.075)

Pro�tability -2.656*** -2.668*** -3.747*** -6.468*** -2.689*** -4.106***

(0.223) (0.225) (0.295) (0.520) (0.218) (0.352)

Dividend yield -1.487** -1.288** 0.604 4.691*** 1.079 3.069**

(0.677) (0.649) (1.027) (1.742) (0.729) (1.241)

Size -0.085** -0.121*** 0.007 -0.056 -0.034 -0.072

(0.039) (0.038) (0.056) (0.093) (0.041) (0.064)

Constant 3.600*** 4.024*** 2.673** 4.981** 2.449*** 3.702***

(0.865) (0.839) (1.273) (2.091) (0.912) (1.430)

Continued on next page...
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(1) (2) (3) (4) (5) (6)

� � � VaR CVaR LPM(0,2) LPM(0,3)

Firm-year obs. 7,638 7,638 7,638 7,638 7,638 7,638

Obs. 1,382 1,382 1,382 1,382 1,382 1,382

R2 0.557 0.422 0.580 0.568 0.538 0.441

Time FE Yes Yes Yes Yes Yes Yes

Panel B: Scope 2 GHG emissions / Sales

GHG emissions 0.171*** 0.168*** 0.155*** 0.427*** 0.193*** 0.358***

(0.014) (0.014) (0.019) (0.032) (0.014) (0.023)

Leverage 0.761*** 0.776*** 0.912*** 1.395*** 0.623*** 0.863***

(0.141) (0.141) (0.186) (0.315) (0.133) (0.208)

Sales growth -0.153*** -0.121*** -0.278*** -0.454*** -0.180*** -0.273***

(0.042) (0.040) (0.065) (0.108) (0.045) (0.075)

Pro�tability -2.648*** -2.656*** -3.736*** -6.445*** -2.676*** -4.086***

(0.225) (0.227) (0.294) (0.520) (0.220) (0.355)

Dividend yield -1.586** -1.376** 0.432 4.391** 1.005 3.004**

(0.698) (0.669) (1.057) (1.804) (0.756) (1.291)

Size -0.079** -0.115*** 0.016 -0.033 -0.024 -0.058

(0.038) (0.037) (0.056) (0.093) (0.041) (0.064)

Constant 3.517*** 3.966*** 2.502** 4.575** 2.272** 3.453**

(0.857) (0.831) (1.259) (2.078) (0.909) (1.436)

Firm-year obs. 7,550 7,550 7,550 7,550 7,550 7,550

Obs. 1,375 1,375 1,375 1,375 1,375 1,375

R2 0.564 0.427 0.587 0.574 0.542 0.442

Time FE Yes Yes Yes Yes Yes Yes

Panel C: Scope 3 GHG emissions / Sales

GHG emissions 0.000 0.002** 0.002 -0.003* 0.002*** -0.001

Continued on next page...
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(1) (2) (3) (4) (5) (6)

� � � VaR CVaR LPM(0,2) LPM(0,3)

(0.001) (0.001) (0.001) (0.002) (0.001) (0.001)

Leverage 0.570*** 0.563*** 0.550** 0.975** 0.409** 0.598**

(0.189) (0.192) (0.241) (0.422) (0.180) (0.281)

Sales growth -0.149*** -0.126** -0.236*** -0.409*** -0.160*** -0.246***

(0.053) (0.050) (0.077) (0.131) (0.054) (0.092)

Pro�tability -2.474*** -2.433*** -3.492*** -6.153*** -2.528*** -3.896***

(0.296) (0.293) (0.355) (0.644) (0.268) (0.448)

Dividend yield -2.116** -2.011** 0.120 3.389 0.413 2.003

(0.861) (0.845) (1.230) (2.218) (0.929) (1.611)

Size -0.058 -0.095** 0.035 -0.032 -0.019 -0.069

(0.046) (0.044) (0.069) (0.109) (0.049) (0.076)

Constant 3.112*** 3.599*** 2.171 4.660* 2.225** 3.782**

(1.039) (0.991) (1.587) (2.487) (1.098) (1.719)

Firm-year obs. 5,076 5,076 5,076 5,076 5,076 5,076

Obs. 1,008 1,008 1,008 1,008 1,008 1,008

R2 0.567 0.410 0.597 0.587 0.559 0.467

Time FE Yes Yes Yes Yes Yes Yes

Remark: This table presents the �xed-e�ects estimation of the relationship between scope 1 GHG
emissions / total sales, scope 2 GHG emissions / total salesand scope 3 GHG emissions / total sales
and �rms' equity risks. The dependent variables are the stock volatility � in model (1), idiosyncratic
risk � � in model (2), VaR in model (3), CVaR in model (4) as well as the second and third order
lower partial moments LPM(0,2) in model (5) and LPM(0,3) in model (6). Regressions are estimated
according to equation V.4. Standard errors are robust and reported in parentheses. ***p < 0:01, **
p < 0:05, * p < 0:1.

We �nd that size-adjusted scope 1 GHG emissions are signi�cantly and positively

related to equity risks. The regression coe�cients are statistically signi�cant at the 1%

level in columns (1) and (6), and at the 10% level in columns (2), (4), and (5). The only

exception pertains to the VaR in column (3), for which our results are not statistically

signi�cant. Overall, these �ndings suggest that higher levels of size-adjusted scope
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1 GHG emissions are associated with increased standard and downside equity risks.

Speci�cally, �rms emitting comparatively more scope 1 emissions than their peers of

similar size, as measured by total sales, exhibit higher equity risks in these dimensions.

With regard to the magnitude of our results, the coe�cients suggest that, for in-

stance, a one standard deviation (0.107) increase in scope 1 GHG emissions, meaning

an increase of 10.7 tons per $10,000 total sales, is related to a 0.024% higher stock

volatility. Consequently, the stock volatility of the average �rm (2.007%) would be ap-

proximately 2.03%. Therefore, while the economic e�ect is relatively modest and scope

1 GHG emissions do not seem to be the main driver of a company's equity risks, they

are nevertheless a signi�cant factor to consider.

Turning to size-adjusted scope 2 GHG emissions, we �nd an even stronger relation-

ship, as outlined in Panel B. We observe that size-adjusted scope 2 GHG emissions are

positively associated with equity risks. The coe�cients are signi�cant at the 1% level

across all regression speci�cations. Thus, a �rm that emits higher levels of scope 2 GHG

emissions than other �rms of similar size, as measured by total sales, is linked to higher

standard and downside equity risks. With regard to the economic size, we �nd that

an increase of the sales-adjusted scope 2 emissions by one standard deviation (0.112) is

associated with an increase of stock volatility from 2.007% by 0.019% to 2.026%.

Finally, we investigate the relationship between size-adjusted scope 3 GHG emissions

and equity risks. The results are presented in Panel C. While the idiosyncratic risk

in column (2) as well as the LPM(0,2) in column (5) display signi�cantly positive

coe�cients, the CVaR in model (3) suggests a signi�cantly negative relationship. At

the same time, the coe�cients in columns (1), (4) and (6) do not display any statistically

signi�cant relationship between scope 3 GHG emissions and equity risks. Since these

results are rather inconclusive, we cannot identify a clear relationship between scope 3

GHG emissions and �rms equity risks and, thus, have to reject hypothesis H1c. This

result is supported by a prior study from Jouvenot and Krueger (2019) who also do not

�nd statistical signi�cance for scope 3 GHG emissions in their analyses.

In sum, we �nd a positive relationship between size-adjusted scope 1 GHG emissions

and equity risks, as well as between size-adjusted scope 2 GHG emissions and equity
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risks. With regard to our control variables, we �nd that a higher leverage ratio is linked

to higher equity risks. Moreover, �rms with higher sales growth or higher pro�tability

display lower equity risks, which are also consistent with �ndings in the earlier literature

(see e.g., El Ghoul et al., 2011; Brailsford et al., 2002).

V.4.2 Industry-adjusted GHG emissions

So far, our analysis has accounted for di�erences in �rm size by scaling corporate GHG

emissions to total sales. However, GHG emissions also depend heavily on the industry in

which a �rm operates (Brännlund et al., 2015; European Commission, 2021a; Eurostat,

2021). In a next step, we therefore investigate whether our previous �ndings are simply

indicative of variations in equity risks across industries. In other words, our previous

results may re�ect investors' expectations that GHG-intensive industries are inherently

more risky. This time, we employ explanatory variables that benchmark GHG emissions

against the respective industry as described in Section V.3.2. More speci�cally, our

explanatory variables are adjusted for both size and industry.

Table V.6 outlines the results of the regression speci�cations for industry-adjusted

GHG emissions. In Panel A, we report the results for industry-adjusted scope 1 GHG

emissions. In Panel B, we show the results for industry-adjusted scope 2 GHG emissions,

and in Panel C for industry-adjusted scope 3 GHG emissions.

Table V.6: Industry-adjusted GHG emissions and equity risks.

(1) (2) (3) (4) (5) (6)

� � � VaR CVaR LPM(0,2) LPM(0,3)

Panel A: BM GHG scope 1

BM GHG 0.185*** 0.163** 0.017 0.283 0.164* 0.362**

(0.067) (0.080) (0.115) (0.215) (0.094) (0.149)

Leverage 0.848*** 0.861*** 0.968*** 1.545*** 0.698*** 0.973***

(0.144) (0.145) (0.188) (0.317) (0.134) (0.206)

Sales growth -0.148*** -0.120*** -0.270*** -0.447*** -0.177*** -0.265***

Continued on next page...
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(1) (2) (3) (4) (5) (6)

� � � VaR CVaR LPM(0,2) LPM(0,3)

(0.043) (0.041) (0.065) (0.111) (0.046) (0.076)

Pro�tability -2.658*** -2.670*** -3.747*** -6.471*** -2.691*** -4.111***

(0.223) (0.225) (0.295) (0.521) (0.219) (0.353)

Dividend yield -1.460** -1.265* 0.607 4.733*** 1.102 3.121**

(0.677) (0.648) (1.027) (1.741) (0.729) (1.241)

Size -0.087** -0.122*** 0.006 -0.059 -0.035 -0.076

(0.039) (0.038) (0.056) (0.093) (0.041) (0.064)

Constant 3.642*** 4.062*** 2.694** 5.067** 2.486*** 3.787***

(0.866) (0.840) (1.272) (2.094) (0.913) (1.434)

Firm-year obs. 7,638 7,638 7,638 7,638 7,638 7,638

Obs. 1,382 1,382 1,382 1,382 1,382 1,382

R2 0.557 0.422 0.580 0.568 0.538 0.441

Time FE Yes Yes Yes Yes Yes Yes

Panel B: BM GHG scope 2

BM GHG 0.180*** 0.169*** 0.178*** 0.455*** 0.198*** 0.355***

(0.018) (0.016) (0.032) (0.042) (0.017) (0.030)

Leverage 0.760*** 0.775*** 0.910*** 1.392*** 0.622*** 0.862***

(0.141) (0.141) (0.186) (0.315) (0.133) (0.208)

Sales growth -0.153*** -0.121*** -0.277*** -0.453*** -0.180*** -0.272***

(0.042) (0.041) (0.065) (0.108) (0.045) (0.075)

Pro�tability -2.646*** -2.655*** -3.733*** -6.438*** -2.674*** -4.083***

(0.225) (0.227) (0.294) (0.520) (0.220) (0.355)

Dividend yield -1.583** -1.374** 0.436 4.399** 1.008 3.009**

(0.698) (0.669) (1.056) (1.803) (0.755) (1.291)

Size -0.078** -0.115*** 0.017 -0.031 -0.023 -0.058

(0.038) (0.037) (0.056) (0.093) (0.041) (0.064)

Constant 3.508*** 3.967*** 2.479** 4.550** 2.268** 3.459**

Continued on next page...
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(1) (2) (3) (4) (5) (6)

� � � VaR CVaR LPM(0,2) LPM(0,3)

(0.857) (0.831) (1.260) (2.078) (0.909) (1.435)

Firm-year obs. 7,550 7,550 7,550 7,550 7,550 7,550

Obs. 1,375 1,375 1,375 1,375 1,375 1,375

R2 0.564 0.427 0.587 0.574 0.542 0.442

Time FE Yes Yes Yes Yes Yes Yes

Panel C: BM GHG scope 3

BM GHG 0.000 0.001 0.003 -0.001 0.002* -0.001

(0.001) (0.001) (0.002) (0.003) (0.001) (0.002)

Leverage 0.570*** 0.563*** 0.550** 0.975** 0.408** 0.599**

(0.189) (0.192) (0.241) (0.422) (0.180) (0.281)

Sales growth -0.149*** -0.126** -0.236*** -0.409*** -0.160*** -0.246***

(0.053) (0.050) (0.077) (0.131) (0.054) (0.092)

Pro�tability -2.474*** -2.433*** -3.491*** -6.151*** -2.528*** -3.895***

(0.296) (0.293) (0.354) (0.644) (0.268) (0.448)

Dividend yield -2.116** -2.013** 0.120 3.394 0.412 2.004

(0.861) (0.845) (1.230) (2.217) (0.929) (1.611)

Size -0.058 -0.095** 0.035 -0.032 -0.019 -0.069

(0.046) (0.044) (0.069) (0.109) (0.049) (0.076)

Constant 3.112*** 3.597*** 2.168 4.661* 2.222** 3.782**

(1.038) (0.991) (1.587) (2.486) (1.098) (1.719)

Firm-year obs. 5,076 5,076 5,076 5,076 5,076 5,076

Obs. 1,008 1,008 1,008 1,008 1,008 1,008

R2 0.567 0.410 0.597 0.587 0.559 0.467
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Time FE Yes Yes Yes Yes Yes Yes

Remark: This table presents the �xed-e�ects estimation of the relationship betweenBM GHG scope 1
emissions, BM GHG scope 2 emissionsand BM GHG scope 3 emissionsand �rms' equity risks. The
dependent variables are the stock volatility � in model (1), idiosyncratic risk � � in model (2), VaR in
model (3), CVaR in model (4) as well as the second and third order lower partial momentsLPM(0,2) in
model (5) and LPM(0,3) in model (6). Regressions are estimated according to equation V.4. Standard
errors are robust and reported in parentheses. ***p < 0:01, ** p < 0:05, * p < 0:1.

In Panel A, four out of six regression speci�cations indicate a signi�cantly positive

relationship between scope 1 GHG emissions and equity risks. We observe that the

coe�cient for the regression speci�cation in column (1) is signi�cant at the 10% level,

whereas in columns (2) and (6), the coe�cients are signi�cant at the 5% level. Once

again, the coe�cient for the VaR in column (3) is not statistically signi�cant. Further-

more, we do not �nd statistical signi�cance with regard to the coe�cient in column (4)

pertaining to the CVaR.

In Panel B, we �nd a strongly positive relationship between scope 2 GHG emissions

and equity risks across all our regression speci�cations. The coe�cients are signi�cant

at the 1% level. These results indicate that a company that generates higher levels of

scope 2 GHG emissions than industry peers of similar size is associated with higher

standard as well as downside equity risks. In terms of magnitude, the results are also

economically comparable to the previous analysis on size-adjusted GHG emissions.

With regard to industry-adjusted scope 3 GHG emissions, the regression speci�ca-

tions in Panel C do not return conclusive results when adjusting for size and industry,

except for a weakly signi�cantly positive coe�cient of the LPM(0,2) in column (5).

Together with our results from size-adjusted GHG emissions, as described in V.4.1, we

conclude that there is no clear relationship between scope 3 emissions and �rm equity

risks, which leads us to reject H2c.

V.5 Mandatory GHG reporting and equity risks

Next, we investigate whether the signi�cance and strength of the relationship between

GHG emissions and equity risks vary depending on the disclosure setting, particularly
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when GHG disclosure is mandated by law. Notably, UK and French �rms, which

together account for approximately 43% of our sample, are subject to mandatory GHG

reporting requirements (Grewal et al., 2019). Publicly listed �rms incorporated in the

UK are required to disclose scope 1 and scope 2 GHG emissions in their annual �nancial

reports. Similarly, France introduced comparable reporting obligations through the

Grenelle II Act of 2011, which mandated large companies with 500 or more employees

to comply by 2012, while smaller companies � those with fewer than 500 employees

and total assets or annual sales belowe 100 million � were required to comply by 2014

(Grewal, 2021).

To assess whether the previously observed risk associations di�er under these disclo-

sure settings, we conduct our analysis on two distinct sub-samples. The �rst sub-sample

excludes �rms headquartered in the UK and France, allowing us to observe patterns in

the absence of mandatory disclosure requirements. The second sub-sample speci�cally

focuses on �rms headquartered in the UK and France, where mandatory disclosure is

enforced. For both sub-samples, we perform separate analyses for each scope category

of GHG emissions.

Table V.8 presents the regression results for the sample excluding UK and French

�rms. Consistent with our previous �ndings, Panel A shows a signi�cantly positive

relationship between equity risks and size-adjusted scope 1 GHG emissions. Notably,

the results indicate that both the overall signi�cance and coe�cient sizes increase when

UK and French �rms are excluded, compared to the full sample results reported in

Table V.4. The coe�cients across all six regression speci�cations are signi�cant at the

1% level. Similarly, the analysis for size-adjusted scope 2 GHG emissions in Panel

B rea�rms a positive relationship with equity risks. All coe�cients are signi�cant

at the 1% level, and their magnitudes are larger in this sub-sample analysis than in

the full sample. In contrast, the results for size-adjusted scope 3 GHG emissions in

Panel C reveal no signi�cant relationship with equity risks, aligning with our earlier

observations. Overall, the relationship between GHG emissions and equity risks is

weaker in the presence of mandatory disclosure.
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Table V.8: Size-adjusted GHG emissions and equity risks (sample without UK &
France).

(1) (2) (3) (4) (5) (6)

� � � VaR CVaR LPM(0,2) LPM(0,3)

Panel A: Scope 1 GHG emissions / Sales

GHG emissions 0.440*** 0.487*** 0.422*** 1.043*** 0.498*** 0.900***

(0.070) (0.057) (0.134) (0.201) (0.073) (0.104)

Leverage 0.536*** 0.527*** 0.661*** 1.009*** 0.433*** 0.550**

(0.145) (0.147) (0.207) (0.355) (0.148) (0.246)

Sales growth -0.166*** -0.128** -0.283*** -0.524*** -0.208*** -0.327***

(0.051) (0.051) (0.078) (0.134) (0.055) (0.087)

Pro�tability -1.877*** -1.884*** -2.360*** -4.170*** -1.688*** -2.702***

(0.267) (0.276) (0.389) (0.666) (0.284) (0.445)

Dividend yield -2.782*** -2.474*** -1.435 1.930 -0.158 1.648

(0.669) (0.661) (1.044) (1.762) (0.722) (1.253)

Size -0.057 -0.078 0.060 -0.010 0.005 -0.035

(0.047) (0.048) (0.069) (0.118) (0.049) (0.080)

Constant 3.137*** 3.252*** 1.570 4.113 1.668 3.003*

(1.065) (1.101) (1.569) (2.694) (1.122) (1.817)

Firm-year obs. 4,365 4,365 4,365 4,365 4,365 4,365

Obs. 840 840 840 840 840 840

R2 0.572 0.397 0.580 0.567 0.543 0.445

Time FE Yes Yes Yes Yes Yes Yes

Panel B: Scope 2 GHG emissions / Sales

GHG emissions 0.204*** 0.205*** 0.213*** 0.510*** 0.233*** 0.411***

(0.016) (0.017) (0.024) (0.039) (0.017) (0.026)

Leverage 0.496*** 0.500*** 0.635*** 0.948*** 0.403*** 0.511**

(0.146) (0.148) (0.209) (0.354) (0.148) (0.246)

Continued on next page...
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(1) (2) (3) (4) (5) (6)

� � � VaR CVaR LPM(0,2) LPM(0,3)

Sales growth -0.179*** -0.137*** -0.292*** -0.533*** -0.213*** -0.337***

(0.051) (0.051) (0.077) (0.132) (0.054) (0.086)

Pro�tability -1.897*** -1.881*** -2.407*** -4.246*** -1.715*** -2.740***

(0.272) (0.279) (0.391) (0.669) (0.286) (0.449)

Dividend yield -2.777*** -2.473*** -1.473 1.832 -0.140 1.687

(0.690) (0.680) (1.078) (1.830) (0.749) (1.302)

Size -0.044 -0.074 0.084 0.017 0.018 -0.019

(0.047) (0.049) (0.069) (0.119) (0.049) (0.080)

Constant 2.879*** 3.171*** 1.050 3.547 1.382 2.683

(1.062) (1.105) (1.570) (2.700) (1.124) (1.823)

Firm-year obs. 4,272 4,272 4,272 4,272 4,272 4,272

Obs. 828 828 828 828 828 828

R2 0.585 0.409 0.591 0.581 0.556 0.458

Time FE Yes Yes Yes Yes Yes Yes

Panel C: Scope 3 GHG emissions / Sales

GHG emissions -0.001 0.001 0.000 -0.004* 0.002** -0.001

(0.001) (0.001) (0.001) (0.002) (0.001) (0.001)

Leverage 0.469** 0.450** 0.493* 0.673 0.300 0.352

(0.190) (0.195) (0.254) (0.425) (0.190) (0.304)

Sales growth -0.229*** -0.195*** -0.361*** -0.651*** -0.260*** -0.408***

(0.062) (0.061) (0.091) (0.141) (0.057) (0.088)

Pro�tability -2.053*** -2.014*** -2.452*** -4.280*** -1.793*** -2.794***

(0.345) (0.348) (0.469) (0.815) (0.343) (0.561)

Dividend yield -3.219*** -2.873*** -2.104 1.279 -0.534 1.159

(0.867) (0.864) (1.307) (2.292) (0.945) (1.668)

Size -0.049 -0.085 0.115 0.012 0.009 -0.061

(0.056) (0.058) (0.088) (0.136) (0.060) (0.089)

Continued on next page...
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(1) (2) (3) (4) (5) (6)

� � � VaR CVaR LPM(0,2) LPM(0,3)

Constant 3.018** 3.454*** 0.344 3.777 1.636 3.718*

(1.280) (1.310) (2.001) (3.088) (1.359) (2.032)

Firm-year obs. 3,003 3,003 3,003 3,003 3,003 3,003

Obs. 601 601 601 601 601 601

R2 0.592 0.412 0.600 0.600 0.581 0.495

Time FE Yes Yes Yes Yes Yes Yes

Remark: This table presents the �xed-e�ects estimation of the relationship between scope 1 GHG
emissions / total sales, scope 2 GHG emissions / total salesand scope 3 GHG emissions / total
salesand �rms' equity risks for a sample of European companies without UK and French �rms. The
dependent variables are the stock volatility � in model (1), idiosyncratic risk � � in model (2), VaR in
model (3), CVaR in model (4) as well as the second and third order lower partial momentsLPM(0,2) in
model (5) and LPM(0,3) in model (6). Regressions are estimated according to equation V.4. Standard
errors are robust and reported in parentheses. ***p < 0:01, ** p < 0:05, * p < 0:1.

Table V.10 reports the results for the sub-sample with only French and UK �rms.

In comparison to the previous �ndings in Table V.8, we observe in Panel A that the

coe�cient sizes as well as the signi�cance for the relationship between size-adjusted

scope 1 emissions and equity risks become smaller. The di�erence is even more striking

in the case of scope 2 GHG emissions, reported in Panel B, as the statistical signi�cance

disappears completely for all coe�cients of the regression speci�cations.

Table V.10: Size-adjusted GHG emissions and equity risks (sample with only UK &
France).

(1) (2) (3) (4) (5) (6)

� � � VaR CVaR LPM(0,2) LPM(0,3)

Panel A: Scope 1 GHG emissions / Sales

GHG emissions 0.138*** 0.083* -0.103** 0.127* 0.089* 0.285***

(0.035) (0.044) (0.042) (0.074) (0.047) (0.083)

Leverage 1.152*** 1.180*** 1.297*** 2.052*** 0.941*** 1.327***

Continued on next page...
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(1) (2) (3) (4) (5) (6)

� � � VaR CVaR LPM(0,2) LPM(0,3)

(0.217) (0.215) (0.273) (0.467) (0.196) (0.302)

Sales growth -0.114* -0.088 -0.219** -0.352** -0.138** -0.208*

(0.063) (0.060) (0.095) (0.161) (0.066) (0.114)

Pro�tability -2.935*** -2.958*** -4.383*** -7.640*** -3.208*** -4.874***

(0.326) (0.325) (0.385) (0.710) (0.292) (0.495)

Dividend yield 0.721 0.841 4.469 9.331 3.312 4.746

(2.474) (2.225) (3.472) (5.675) (2.460) (3.904)

Size -0.149*** -0.193*** -0.098 -0.181 -0.105* -0.151

(0.055) (0.051) (0.077) (0.131) (0.057) (0.094)

Constant 4.782*** 5.379*** 4.804*** 7.530*** 3.899*** 5.291**

(1.191) (1.110) (1.707) (2.877) (1.259) (2.048)

Firm-year obs. 3,273 3,273 3,273 3,273 3,273 3,273

Obs. 542 542 542 542 542 542

R2 0.587 0.492 0.622 0.602 0.570 0.466

Time FE Yes Yes Yes Yes Yes Yes

Panel B: Scope 2 GHG emissions / Sales

GHG emissions 1.728 1.684 2.494 -0.420 0.668 -0.997

(1.719) (1.927) (2.307) (4.007) (1.569) (2.463)

Leverage 1.038*** 1.061*** 1.229*** 1.861*** 0.844*** 1.186***

(0.212) (0.210) (0.271) (0.469) (0.197) (0.310)

Sales growth -0.106* -0.076 -0.213** -0.369** -0.140** -0.230**

(0.062) (0.058) (0.096) (0.159) (0.066) (0.115)

Pro�tability -2.928*** -2.968*** -4.362*** -7.597*** -3.187*** -4.841***

(0.327) (0.325) (0.385) (0.707) (0.293) (0.499)

Dividend yield 0.330 0.492 3.912 8.757 3.126 4.683

(2.572) (2.313) (3.585) (5.959) (2.587) (4.126)

Size -0.145*** -0.186*** -0.097 -0.165 -0.099* -0.143

Continued on next page...
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(1) (2) (3) (4) (5) (6)

� � � VaR CVaR LPM(0,2) LPM(0,3)

(0.054) (0.050) (0.076) (0.130) (0.057) (0.095)

Constant 4.761*** 5.309*** 4.833*** 7.338** 3.830*** 5.233**

(1.170) (1.092) (1.674) (2.856) (1.252) (2.057)

Firm-year obs. 3,278 3,278 3,278 3,278 3,278 3,278

Obs. 547 547 547 547 547 547

R2 0.587 0.489 0.623 0.597 0.564 0.455

Time FE Yes Yes Yes Yes Yes Yes

Panel C: Scope 3 GHG emissions / Sales

GHG emissions -0.011 0.041 0.079 0.067 0.000 0.016

(0.060) (0.086) (0.167) (0.113) (0.052) (0.090)

Leverage 0.879*** 0.874*** 0.911** 1.721** 0.701** 1.072**

(0.324) (0.326) (0.387) (0.696) (0.294) (0.466)

Sales growth -0.066 -0.049 -0.091 -0.176 -0.064 -0.111

(0.077) (0.073) (0.110) (0.194) (0.080) (0.143)

Pro�tability -2.558*** -2.529*** -4.070*** -7.314*** -2.960*** -4.589***

(0.464) (0.458) (0.446) (0.890) (0.374) (0.665)

Dividend yield 0.627 -0.144 6.353 7.710 2.617 2.921

(3.107) (2.964) (3.949) (6.855) (2.976) (4.643)

Size -0.085 -0.123* -0.083 -0.130 -0.072 -0.106

(0.071) (0.065) (0.091) (0.167) (0.072) (0.128)

Constant 3.444** 3.956*** 4.533** 6.376* 3.210** 4.346

(1.600) (1.461) (2.065) (3.764) (1.616) (2.828)

Firm-year obs. 2,073 2,073 2,073 2,073 2,073 2,073

Obs. 407 407 407 407 407 407

R2 0.574 0.453 0.632 0.603 0.568 0.466
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Time FE Yes Yes Yes Yes Yes Yes

Remark: This table presents the �xed-e�ects estimation of the relationship between scope 1 GHG
emissions / total sales, scope 2 GHG emissions / total salesand scope 3 GHG emissions / total sales
and �rms' equity risks for a sample of UK and French �rms. The dependent variables are the stock
volatility � in model (1), idiosyncratic risk � � in model (2), VaR in model (3), CVaR in model (4)
as well as the second and third order lower partial momentsLPM(0,2) in model (5) and LPM(0,3)
in model (6). Regressions are estimated according to equation V.4. Standard errors are robust and
reported in parentheses. *** p < 0:01, ** p < 0:05, * p < 0:1.

Repeating the same analyses with industry-adjusted GHG emissions, the results are

qualitatively very similar. Table V.12 presents the results corresponding to industry-

adjusted scope 1 and scope 2 GHG emissions for the sub-sample without UK and French

�rms. Although the coe�cient sizes and signi�cance are smaller than in Table V.8 where

we investigated size-adjusted GHG emissions in the sub-sample without UK and France,

they are still greater than in Table V.6 in which we analyzed industry-adjusted GHG

emissions based on our full sample.
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Table V.12: Industry-adjusted scope 1 and scope 2 GHG emissions and equity risks (sample without UK & France).

Panel A: BM GHG scope 1 Panel B: BM GHG scope 2

(1) (2) (3) (4) (5) (6) (1) (2) (3) (4) (5) (6)
� � � VaR CVaR LPM(0,2) LPM(0,3) � � � VaR CVaR LPM(0,2) LPM(0,3)

BM GHG 0.284* 0.341*** 0.229 0.642 0.350** 0.625** 0.210*** 0.205*** 0.230*** 0.534*** 0.241*** 0.417***
(0.165) (0.131) (0.238) (0.463) (0.169) (0.290) (0.018) (0.018) (0.028) (0.045) (0.018) (0.029)

Leverage 0.545*** 0.535*** 0.671*** 1.030*** 0.441*** 0.565** 0.495*** 0.500*** 0.632*** 0.944*** 0.402*** 0.509**
(0.146) (0.148) (0.207) (0.354) (0.148) (0.247) (0.146) (0.148) (0.209) (0.354) (0.148) (0.246)

Sales growth -0.171*** -0.133*** -0.289*** -0.538*** -0.213*** -0.337*** -0.178*** -0.137*** -0.291*** -0.531*** -0.212*** -0.335***
(0.051) (0.051) (0.078) (0.134) (0.055) (0.087) (0.051) (0.051) (0.077) (0.132) (0.054) (0.086)

Pro�tability -1.893*** -1.901*** -2.378*** -4.210*** -1.706*** -2.734*** -1.894*** -1.879*** -2.402*** -4.238*** -1.712*** -2.736***
(0.268) (0.277) (0.390) (0.669) (0.286) (0.448) (0.272) (0.279) (0.391) (0.669) (0.286) (0.449)

Dividend yield -2.742*** -2.428*** -1.401 2.022 -0.110 1.734 -2.777*** -2.473*** -1.472 1.833 -0.139 1.687
(0.667) (0.657) (1.042) (1.758) (0.720) (1.251) (0.690) (0.679) (1.077) (1.829) (0.748) (1.302)

Size -0.065 -0.086* 0.050 -0.030 -0.003 -0.050 -0.043 -0.074 0.085 0.020 0.019 -0.019
(0.047) (0.049) (0.069) (0.119) (0.050) (0.080) (0.047) (0.049) (0.069) (0.119) (0.049) (0.080)

Constant 3.327*** 3.437*** 1.793 4.591* 1.856 3.350* 2.867*** 3.173*** 1.017 3.501 1.368 2.675
(1.073) (1.108) (1.577) (2.711) (1.132) (1.834) (1.061) (1.105) (1.569) (2.700) (1.124) (1.824)

Firm-year obs. 4,365 4,365 4,365 4,365 4,365 4,365 4,272 4,272 4,272 4,272 4,272 4,272
Obs. 840 840 840 840 840 840 828 828 828 828 828 828
R2 0.571 0.395 0.579 0.566 0.542 0.444 0.585 0.409 0.591 0.581 0.556 0.458
Time FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Remark: This table presents the �xed-e�ects estimation of the relationship betweenBM GHG scope 1 emissionsand BM GHG scope 2 emissionsand
�rms' equity risks for a sample of European companies without UK and French �rms. The dependent variables are the stock volatility � in model (1),
idiosyncratic risk � � in model (2), VaR in model (3), CVaR in model (4) as well as the second and third order lower partial momentsLPM(0,2) in
model (5) and LPM(0,3) in model (6). Regressions are estimated according to equation V.4. Standard errors are robust and reported in parentheses.
*** p < 0:01, ** p < 0:05, * p < 0:1.
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In Table V.13 we provide the results for industry-adjusted scope 1 and scope 2

GHG emissions for the sub-sample with only French and UK �rms. As expected, we

�nd much smaller coe�cient sizes than in Table V.6 where we analyze industry-adjusted

GHG emissions based on our full sample. Furthermore, we also lose almost all statistical

signi�cance for scope 2 GHG emissions in Panel B. Finally, the results for industry-

adjusted scope 3 emissions are presented in Tables V.14 and V.15 and once again do

not indicate a signi�cant relationship between GHG emissions and equity risks in either

disclosure setting. Overall, these results underline the robustness of our earlier �ndings.
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Table V.13: Industry-adjusted scope 1 and scope 2 GHG emissions and equity risks (sample with only UK & France).

Panel A: BM GHG scope 1 Panel B: BM GHG scope 2

(1) (2) (3) (4) (5) (6) (1) (2) (3) (4) (5) (6)
� � � VaR CVaR LPM(0,2) LPM(0,3) � � � VaR CVaR LPM(0,2) LPM(0,3)

BM GHG 0.140*** 0.084* -0.080 0.138 0.092* 0.267*** 0.950 0.751 1.617* 1.097 0.292 -0.521
(0.039) (0.047) (0.066) (0.092) (0.052) (0.074) (0.691) (0.683) (0.930) (1.822) (0.765) (1.420)

Leverage 1.153*** 1.181*** 1.296*** 2.054*** 0.942*** 1.330*** 1.034*** 1.058*** 1.221*** 1.857*** 0.843*** 1.188***
(0.217) (0.215) (0.273) (0.467) (0.196) (0.302) (0.212) (0.211) (0.271) (0.468) (0.196) (0.310)

Sales growth -0.114* -0.088 -0.217** -0.352** -0.138** -0.209* -0.108* -0.079 -0.215** -0.361** -0.141** -0.228**
(0.063) (0.060) (0.095) (0.162) (0.067) (0.114) (0.061) (0.058) (0.095) (0.156) (0.065) (0.113)

Pro�tability -2.936*** -2.959*** -4.384*** -7.641*** -3.208*** -4.873*** -2.920*** -2.962*** -4.347*** -7.582*** -3.184*** -4.845***
(0.327) (0.326) (0.386) (0.711) (0.292) (0.496) (0.326) (0.325) (0.383) (0.706) (0.293) (0.499)

Dividend yield 0.751 0.859 4.448 9.359* 3.331 4.808 0.406 0.551 4.044 8.856 3.148 4.641
(2.477) (2.227) (3.469) (5.676) (2.461) (3.908) (2.584) (2.323) (3.604) (5.976) (2.591) (4.113)

Size -0.149*** -0.193*** -0.097 -0.182 -0.106* -0.152 -0.145*** -0.186*** -0.098 -0.164 -0.099* -0.143
(0.055) (0.051) (0.077) (0.131) (0.057) (0.094) (0.053) (0.050) (0.076) (0.130) (0.057) (0.095)

Constant 4.792*** 5.385*** 4.794*** 7.539*** 3.906*** 5.315*** 4.779*** 5.330*** 4.855*** 7.312** 3.838*** 5.222**
(1.192) (1.111) (1.707) (2.877) (1.259) (2.047) (1.166) (1.089) (1.672) (2.848) (1.250) (2.059)

Firm-year obs. 3,273 3,273 3,273 3,273 3,273 3,273 3,278 3,278 3,278 3,278 3,278 3,278
Obs. 542 542 542 542 542 542 547 547 547 547 547 547
R2 0.587 0.492 0.622 0.602 0.570 0.465 0.587 0.489 0.623 0.598 0.564 0.455
Time FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Remark: This table presents the �xed-e�ects estimation of the relationship between BM GHG scope 1 emissionsand BM GHG scope 2 emissions
and �rms' equity risks for a sample of UK and French �rms. The dependent variables are the stock volatility � in model (1), idiosyncratic risk � � in
model (2), VaR in model (3), CVaR in model (4) as well as the second and third order lower partial momentsLPM(0,2) in model (5) and LPM(0,3)
in model (6). Regressions are estimated according to equation V.4. Standard errors are robust and reported in parentheses. ***p < 0:01, ** p < 0:05,
* p < 0:1.
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Table V.14: Industry-adjusted scope 3 GHG emissions and equity risks (sample without UK & France).

BM GHG scope 3

(1) (2) (3) (4) (5) (6)
� � � VaR CVaR LPM(0,2) LPM(0,3)

BM GHG -0.001 0.000 0.000 -0.004* 0.002 -0.001
(0.001) (0.001) (0.002) (0.002) (0.001) (0.002)

Leverage 0.470** 0.450** 0.493* 0.674 0.300 0.353
(0.190) (0.195) (0.254) (0.425) (0.190) (0.304)

Sales growth -0.229*** -0.195*** -0.361*** -0.651*** -0.260*** -0.408***
(0.062) (0.061) (0.091) (0.141) (0.057) (0.088)

Pro�tability -2.053*** -2.015*** -2.452*** -4.278*** -1.795*** -2.793***
(0.345) (0.348) (0.469) (0.815) (0.343) (0.561)

Dividend yield -3.219*** -2.873*** -2.104 1.282 -0.536 1.160
(0.867) (0.863) (1.306) (2.291) (0.945) (1.668)

Size -0.049 -0.085 0.115 0.012 0.009 -0.061
(0.056) (0.058) (0.088) (0.136) (0.060) (0.089)

Constant 3.019** 3.454*** 0.344 3.782 1.634 3.720*
(1.280) (1.310) (2.001) (3.086) (1.360) (2.032)

Firm-year obs. 3,003 3,003 3,003 3,003 3,003 3,003
Obs. 601 601 601 601 601 601
R2 0.592 0.412 0.600 0.600 0.581 0.495
Time FE Yes Yes Yes Yes Yes Yes

Remark: This table presents the �xed-e�ects estimation of the relationship between BM GHG scope 3 emissionsand �rms' equity risks for a sample
of European companies without UK and French �rms. The dependent variables are the stock volatility � in model (1), idiosyncratic risk � � in model
(2), VaR in model (3), CVaR in model (4) as well as the second and third order lower partial momentsLPM(0,2) in model (5) and LPM(0,3) in
model (6). Regressions are estimated according to equation V.4. Standard errors are robust and reported in parentheses. ***p < 0:01, ** p < 0:05, *
p < 0:1.
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Table V.15: Industry-adjusted scope 3 GHG emissions and equity risks (sample with only UK & France).

BM GHG scope 3

(1) (2) (3) (4) (5) (6)
� � � VaR CVaR LPM(0,2) LPM(0,3)

BM GHG -0.019 -0.013 0.002 0.003 -0.009 -0.012
(0.033) (0.035) (0.044) (0.057) (0.028) (0.047)

Leverage 0.877*** 0.875*** 0.915** 1.725** 0.700** 1.072**
(0.324) (0.325) (0.387) (0.696) (0.294) (0.465)

Sales growth -0.066 -0.049 -0.091 -0.177 -0.064 -0.111
(0.077) (0.073) (0.110) (0.194) (0.080) (0.143)

Pro�tability -2.561*** -2.532*** -4.073*** -7.316*** -2.961*** -4.592***
(0.464) (0.458) (0.446) (0.889) (0.374) (0.665)

Dividend yield 0.622 -0.124 6.392 7.743 2.618 2.929
(3.101) (2.959) (3.944) (6.847) (2.970) (4.636)

Size -0.086 -0.126* -0.085 -0.132 -0.072 -0.108
(0.070) (0.064) (0.090) (0.166) (0.072) (0.128)

Constant 3.467** 4.004*** 4.583** 6.415* 3.225** 4.376
(1.592) (1.454) (2.058) (3.753) (1.609) (2.815)

Firm-year obs. 2,073 2,073 2,073 2,073 2,073 2,073
Obs. 407 407 407 407 407 407
R2 0.574 0.453 0.631 0.603 0.568 0.466
Time FE Yes Yes Yes Yes Yes Yes

Remark: This table presents the �xed-e�ects estimation of the relationship betweenBM GHG scope 3 emissionsand �rms' equity risks for a sample of
UK and French �rms. The dependent variables are the stock volatility � in model (1), idiosyncratic risk � � in model (2), VaR in model (3), CVaR in
model (4) as well as the second and third order lower partial momentsLPM(0,2) in model (5) and LPM(0,3) in model (6). Regressions are estimated
according to equation V.4. Standard errors are robust and reported in parentheses. ***p < 0:01, ** p < 0:05, * p < 0:1.
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V.6 Comparison of GHG reporters and non-reporters

V.6.1 Total Sample

Building on the extensive body of research highlighting the risk-mitigating e�ects of

climate-related disclosures (e.g., Clarkson et al., 2013; Aerts et al., 2008; Liesen et al.,

2016; Subramaniam et al., 2015; Jung et al., 2018), we examine whether the disclosure

of GHG emissions data, as opposed to no disclosure at all, is associated with lower

equity risks, as proposed in hypothesis H3.

To test this hypothesis, we construct a new sample consisting of all European �rms

for which the necessary data to calculate equity risks and control variables are available.

We capture the reporting status of the �rms via the dummy variableGHG reporter.

This variable takes the value 1 if the �rm discloses at least one of the scope 1 or scope

2 GHG emissions in the respective year, and 0 otherwise.

Table V.16 outlines the industry composition of this larger set of �rms, for which we

subsequently compare sub-samples of reporting and non-reporting �rms. Interestingly,

the sub-sample of non-reporting companies consists of a high proportion of companies

from the Software & IT services and Pharmaceuticals & Medical research sectors. On

the contrary, companies from the Chemical, Insurance and Telecommunication services

sectors are represented to a much greater extent in the sub-sample of companies re-

porting GHG emissions.

Table V.17 displays the descriptive statistics of our variables of interest. The average

non-reporting �rm displays higher levels of equity risks across all six risk metrics, as

illustrated in Panel A. Panel B provides the statistics for the control variables. The

average non-reporting �rm is signi�cantly less leveraged, shows higher sales growth, is

less pro�table, pays lower dividends and is smaller in size.
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Table V.16: Industry sample composition for GHG reporting and non-reporting �rms.

GHG reporters Non-GHG reporters Di�erence non-reporter � reporter

Industry N % N % Di�. Standard error

Academic & educational services 4 0.050% 34 0.173% 0.123%** 0.049%
Applied resources 157 1.957% 354 1.797% -0.160% 0.178%
Automobiles & auto parts 210 2.617% 387 1.965% -0.653%*** 0.192%
Banking & investment services 333 4.151% 945 4.797% 0.647%** 0.278%
Chemicals 336 4.188% 422 2.142% -2.046%*** 0.216%
Collective investments 2 0.025% 160 0.812% 0.787%*** 0.101%
Consumer goods conglomerates 47 0.586% 55 0.279% -0.307%*** 0.080%
Cyclical consumer products 413 5.148% 1,055 5.356% 0.208% 0.297%
Cyclical consumer services 466 5.808% 1,229 6.239% 0.431% 0.317%
Energy - fossil fuels 452 5.634% 799 4.056% -1.578%*** 0.275%
Financial technology (�ntech) & infrastructure 12 0.150% 48 0.244% 0.094% 0.062%
Food & beverages 355 4.425% 912 4.630% 0.205% 0.277%
Food & Drug retailing 147 1.832% 164 0.833% -1.000%*** 0.139%
Healthcare services & equipment 207 2.580% 811 4.117% 1.537%*** 0.249%
Industrial & commercial services 747 9.311% 1,600 8.123% -1.188%*** 0.369%
Industrial goods 691 8.613% 1,778 9.026% 0.414% 0.377%
Insurance 308 3.839% 246 1.249% -2.590%*** 0.185%
Investment holding companies 29 0.361% 133 0.675% 0.314%*** 0.101%
Mineral resources 391 4.873% 623 3.163% -1.711%*** 0.248%
Personal & household products & services 109 1.359% 105 0.533% -0.826%*** 0.116%
Pharmaceuticals & medical research 253 3.153% 1,221 6.199% 3.045%*** 0.297%
Real estate 510 6.357% 1,235 6.270% -0.087% 0.322%
Renewable energy 41 0.511% 157 0.797% 0.286%** 0.112%
Retailers 294 3.664% 523 2.655% -1.009%*** 0.224%
Software & IT services 273 3.403% 2,121 10.768% 7.365%*** 0.369%
Technology equipment 251 3.129% 1,101 5.589% 2.461%*** 0.285%
Telecommunications services 292 3.640% 261 1.325% -2.315%*** 0.185%
Transportation 307 3.826% 614 3.117% -0.709%*** 0.237%
Uranium - 0.000% 7 0.036% 0.036%* 0.021%
Utilities 386 4.811% 597 3.031% -1.780*** 0.245%
No assigned industry - 0.000% 1 0.005% 0.005% 0.008%

Remark: This table presents the industry composition according to TRBC Business Sector codes for the GHG reporting �rms as well as the non-
reporting �rms of the sample. Additionally, it reports di�erences between these two categories of �rms. These di�erences are calculated and tested
for signi�cance using t-tests. *** p < 0:01, ** p < 0:05, * p < 0:1.
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Table V.17: Descriptive statistics for reporting and non-reporting �rms.

GHG reporter Non-GHG reporter Di�erence non-reporter � reporter

N Mean Std. dev. Min. Max. N Mean Std. dev. Min. Max. Di�. Std. Err.

Panel A: Risk measures
� 8,023 2.007 0.875 0.816 5.404 19,698 2.403 1.215 0.662 7.902 0.396*** 0.015
� � 8,023 1.731 0.816 0.720 5.106 19,698 2.298 1.201 0.651 7.842 0.567*** 0.015
VaR 8,023 3.115 1.295 1.190 7.822 19,698 3.561 1.626 0.649 10.070 0.446*** 0.020
CVaR 8,023 4.547 2.073 1.724 12.439 19,698 5.229 2.522 1.164 15.411 0.682*** 0.032
LPM(0,2) 8,023 2.018 0.879 0.837 5.431 19,667 2.508 1.298 0.836 8.583 0.490*** 0.016
LPM(0,3) 8,023 2.652 1.316 1.039 8.176 19,667 3.245 1.837 1.039 12.343 0.593*** 0.023

Panel B: Control variables
Leverage 8,023 0.616 0.195 0.121 1.100 19,698 0.518 0.227 0.028 1.225 -0.099*** 0.003
Sales growth 8,023 0.044 0.204 -0.547 1.298 19,698 0.167 0.720 -0.999 6.532 0.122*** 0.008
Pro�tability 8,023 0.071 0.078 -0.199 0.365 19,698 0.023 0.175 -0.950 0.365 -0.048*** 0.002
Dividend yield 8,023 0.021 0.024 0.000 0.111 19,698 0.018 0.027 0.000 0.161 -0.002*** 0.000
Size 8,023 22.646 1.874 17.780 27.503 19,698 19.900 2.186 15.311 27.503 -2.747*** 0.028

Remark: This table presents the descriptive statistics for GHG reporting and non-reporting �rms separately. Panel A provides descriptive statistics for
the equity risk measures,Panel B for the greenhouse gas emission variables andPanel C for the control variables. Additionally, it reports di�erences
between these two categories of �rms. These di�erences are calculated and tested for signi�cance usingt-tests. *** p < 0:01, ** p < 0:05, * p < 0:1.
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In a next step, we run OLS regressions on the combined sample of reporting and non-

reporting �rms and present the results in Table V.18.5. The coe�cients are signi�cant

at the 1% level for all regression speci�cations and negatively related with equity risks.

In particular, the negative coe�cients of the dummy variable GHG reporter indicate

that GHG reporting �rms are associated with lower standard equity risks (in columns 1

and 2) and lower downside equity risks (in columns 3 to 6). Overall, investors appear to

attribute lower risks to �rms that disclose GHG emissions data in line with hypothesis

H4. These results are also economically relevant as the disclosure of GHG emissions

data is related to a reduction in the volatility of returns (� ) by 0.102%. The economics

size is even slightly larger with regard to the VaR (0.12%) and CVaR (0.132%).

V.6.2 Matching GHG reporters and non-reporters

The industry breakdown in Table V.16 and the descriptive statistics in Table V.17

reveal di�erences in characteristics between �rms that disclose GHG emissions data

and those that do not. These di�erences raise the possibility that selection bias, rather

than investors' varying risk perceptions, could be driving the observed results. To

account for structural di�erences between the two sub-samples, we repeat the analysis

on a matched sample.

Speci�cally, we apply a propensity score nearest neighbor matching approach, fol-

lowing Rosenbaum and Rubin (1983). In this method, each reporting �rm is matched

with one �rm from the (much larger) pool of non-reporting �rms. Matching is performed

using all �rm-level control variables, as well as the corresponding year and industry.6

Tables V.19 and V.20 demonstrate the quality of the matching for the industry com-

position and the descriptive statistics respectively. The matching procedure is able to

reduce most di�erences and to mitigate the potential selection bias between reporting

5We perform OLS regressions due to the binary character of our main explanatory variable (GHG
reporter)

6First, the matching process utilizes a GHG reporting dummy as dependent variable and hence
matches non-reporting �rms to reporting �rms. We perform the Stata command ps2match including
the following items: one nearest neighbour is matched, no replacement, caliper of 0.2. The caliper of
0.2 ensures an appropriate level of comparability between the two �rms. The applied estimator is a
logit regression. We perform the matching separately for every year.
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Table V.18: Equity risks of GHG reporters and non-reporters.

(1) (2) (3) (4) (5) (6)
� � � VaR CVaR LPM(0,2) LPM(0,3)

GHG reporter -0.102*** -0.201*** -0.120*** -0.132*** -0.094*** -0.090***
(0.013) (0.012) (0.018) (0.028) (0.013) (0.020)

Leverage 0.274*** 0.258*** 0.388*** 0.624*** 0.266*** 0.362***
(0.035) (0.034) (0.045) (0.070) (0.036) (0.053)

Sales growth 0.085*** 0.085*** 0.072*** 0.078*** 0.034** 0.034
(0.015) (0.015) (0.018) (0.029) (0.014) (0.022)

Pro�tability -2.478*** -2.436*** -3.232*** -5.184*** -2.450*** -3.444***
(0.061) (0.061) (0.076) (0.119) (0.062) (0.095)

Dividend yield -4.663*** -4.552*** -5.088*** -6.594*** -3.915*** -4.770***
(0.265) (0.267) (0.361) (0.574) (0.303) (0.437)

Size -0.087*** -0.112*** -0.095*** -0.176*** -0.126*** -0.162***
(0.003) (0.003) (0.004) (0.006) (0.003) (0.005)

Constant 4.102*** 4.455*** 5.389*** 8.445*** 4.974*** 6.323***
(0.063) (0.063) (0.087) (0.132) (0.072) (0.101)

Firm-year obs. 27,721 27,721 27,721 27,721 27,690 27,690
R2 0.345 0.354 0.329 0.359 0.344 0.310

Time FE Yes Yes Yes Yes Yes Yes

Remark: This table presents OLS estimations of the relationship between GHG disclosure and equity
risks. The variable GHG reporter becomes 1, if the �rm reports GHG data and 0 if not. The dependent
variables are the stock volatility � in model (1), idiosyncratic risk � � in model (2), VaR in model (3),
CVaR in model (4) as well as the second and third order lower partial momentsLPM(0,2) in model
(5) and LPM(0,3) in model (6). Regressions are estimated using OLS. Standard errors are robust and
reported in parentheses. *** p < 0:01, ** p < 0:05, * p < 0:1.

and non-reporting �rms in the sample. In particular, the di�erences in industry compo-

sition and most control variables disappear almost completely, with smaller di�erences

remaining for leverage ratio and �rm size.
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Table V.19: Industry sample composition � post matching.

GHG reporters Non-GHG reporters Di�erence non-reporter � reporter

Industry N % N % Di�. Standard error

Academic 2 0.039% 3 0.058% 0.019% 0.043%
Applied resources 110 2.133% 104 2.017% -0.116% 0.281%
Automobiles & auto parts 120 2.327% 114 2.211% -0.116% 0.293%
Banking & investment services 213 4.131% 210 4.073% -0.058% 0.391%
Chemicals 146 2.832% 176 3.413% 0.582%* 0.343%
Collective investments 2 0.039% 1 0.019% -0.019% 0.034%
Consumer goods conglomerates 27 0.524% 33 0.640% 0.116% 0.150%
Cyclical consumer products 275 5.334% 291 5.644% 0.310% 0.449%
Cyclical consumer services 334 6.478% 308 5.974% -0.504% 0.476%
Energy - fossil fuels 285 5.528% 280 5.431% -0.097% 0.448%
Financial technology (�ntech) & infr. 7 0.136% 7 0.136% 0.000% 0.073%
Food & beverages 229 4.441% 248 4.810% 0.369% 0.414%
Food & drug retailing 80 1.552% 73 1.416% -0.136% 0.238%
Healthcare services & equipment 148 2.870% 143 2.773% -0.097% 0.326%
Industrial & commercial services 516 10.008% 512 9.930% -0.078% 0.590%
Industrial goods 449 8.708% 452 8.766% 0.058% 0.556%
Insurance 129 2.502% 156 3.026% 0.524% 0.323%
Investment holding companies 13 0.252% 20 0.388% 0.136% 0.111%
Mineral resources 216 4.189% 230 4.461% 0.272% 0.401%
Personal & household products & serv. 31 0.601% 36 0.698% 0.097% 0.158%
Pharmaceuticals & medical research 156 3.026% 153 2.967% -0.058% 0.336%
Real estate 397 7.700% 411 7.971% 0.272% 0.529%
Renewable energy 31 0.601% 33 0.640% 0.039% 0.155%
Retailers 197 3.821% 187 3.627% -0.194% 0.373%
Software & IT services 234 4.538% 191 3.704% -0.834%** 0.391%
Technology equipment 198 3.840% 173 3.355% -0.485% 0.367%
Telecommunications services 112 2.172% 113 2.192% 0.019% 0.288%
Transportation 213 4.131% 223 4.325% 0.194% 0.396%
Uranium 0 0.000% 0 0.000% 0.000% 0.000%
Utilities 286 5.547% 275 5.334% -0.213% 0.447%

Remark: This table presents the industry composition according to TRBC Business Sector codes for the GHG disclosing �rms as well as the non-
disclosing �rms of the sample after the matching procedure as outlined in section V.6.2. Additionally, it reports di�erences between these two categories
of �rms. These di�erences are calculated and tested for signi�cance usingt-tests. *** p < 0:01, ** p < 0:05, * p < 0:1.
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Table V.20: Descriptive statistics � post matching.

GHG reporter Non-GHG reporter Di�erence non-reporter � reporter

N Mean Std. dev. Min. Max. N Mean Std. dev. Min. Max. Di�. Std. err.

Panel A: Risk measures
� 5,156 2.081 0.901 0.816 5.404 5,156 2.196 0.984 0.662 7.902 0.115*** 0.019
� � 5,156 1.832 0.858 0.720 5.106 5,156 2.031 0.948 0.651 7.842 0.199*** 0.018
VaR 5,156 3.208 1.320 1.190 7.822 5,156 3.351 1.401 0.649 10.070 0.143*** 0.027
CVaR 5,156 4.696 2.118 1.724 12.439 5,156 4.856 2.207 1.164 15.411 0.160*** 0.043
LPM(0,2) 5,156 2.089 0.905 0.837 5.431 5,147 2.220 1.029 0.836 8.583 0.131*** 0.019
LPM(0,3) 5,156 2.751 1.364 1.039 8.176 5,147 2.877 1.484 1.039 12.343 0.126*** 0.028

Panel B: Control variables
Leverage 5,156 0.587 0.193 0.121 1.100 5,156 0.597 0.209 0.028 1.225 0.010** 0.004
Sales growth 5,156 0.055 0.212 -0.547 1.298 5,156 0.050 0.236 -0.999 2.902 -0.005 0.004
Pro�tability 5,156 0.069 0.082 -0.199 0.365 5,156 0.071 0.080 -0.650 0.365 0.001 0.002
Dividend yield 5,156 0.020 0.025 0.000 0.111 5,156 0.020 0.025 0.000 0.161 0.001 0.000
Size 5,156 21.772 1.450 17.780 26.752 5,156 22.085 1.944 16.075 27.503 0.313*** 0.034

Remark: This table presents the descriptive statistics for GHG reporting and non-reporting �rms separately after the matching procedure as outlined
in section V.6.2. Panel A provides descriptive statistics for the equity risk measures,Panel B for the greenhouse gas emission variables andPanel
C for the control variables. Additionally, it reports di�erences between these two categories of �rms. These di�erences are calculated and tested for
signi�cance using t-tests. *** p < 0:01, ** p < 0:05, * p < 0:1.
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In Table V.21 we report the regression results based on the matched sample. As

can be seen, the results for the matched sample underline the �ndings from the OLS

regressions in Table V.18. Across all equity risk measures, the GHG reporter dummy

remains signi�cantly negative at the 1% level. This indicates that even after match-

ing to balance structural di�erences between reporting and non-reporting �rms, GHG

reporting �rms continue to exhibit lower equity risks compared to their non-reporting

counterparts, supporting hypothesis H4. The results are also economically meaningful.

For GHG reporting �rms, volatility ( � ) is reduced by 0.14%, while VaR and CVaR

are lowered by 0.174% and 0.208%, respectively. Overall, these �ndings align with

Matsumura et al. (2013).

Table V.21: Equity risks of GHG reporters and non-reporters (matched sample).

(1) (2) (3) (4) (5) (6)
� � � VaR CVaR LPM(0,2) LPM(0,3)

GHG reporter -0.141*** -0.232*** -0.174*** -0.208*** -0.156*** -0.160***
(0.015) (0.015) (0.022) (0.034) (0.016) (0.024)

Leverage 0.451*** 0.430*** 0.611*** 0.953*** 0.402*** 0.571***
(0.051) (0.051) (0.069) (0.110) (0.051) (0.077)

Sales growth -0.110** -0.080 -0.217*** -0.416*** -0.156*** -0.273***
(0.052) (0.052) (0.067) (0.108) (0.051) (0.077)

Pro�tability -2.437*** -2.451*** -3.468*** -5.456*** -2.476*** -3.466***
(0.144) (0.144) (0.190) (0.311) (0.140) (0.214)

Dividend yield -5.377*** -5.389*** -6.292*** -8.604*** -4.331*** -5.698***
(0.401) (0.408) (0.579) (0.903) (0.425) (0.613)

Size -0.075*** -0.098*** -0.093*** -0.148*** -0.078*** -0.106***
(0.006) (0.006) (0.008) (0.013) (0.006) (0.009)

Constant 3.805*** 4.072*** 5.353*** 7.756*** 3.846*** 4.974***
(0.136) (0.136) (0.192) (0.297) (0.140) (0.204)

Firm-year obs. 10,312 10,312 10,312 10,312 10,303 10,303
R2 0.328 0.296 0.337 0.359 0.320 0.288

Time FE Yes Yes Yes Yes Yes Yes

Remark: This table presents OLS estimations of the relationship between disclosing GHG emission
and �rms' equity risks for a matched sample. The variable GHG reporter becomes 1 if the �rm reports
GHG data, and 0 if not. The dependent variables are the stock volatility � in model (1), idiosyncratic
risk � � in model (2), VaR in model (3), CVaR in model (4) as well as the second and third order lower
partial moments LPM(0,2) in model (5) and LPM(0,3) in model (6). Regressions are estimated using
OLS. Standard errors are robust and reported in parentheses. ***p < 0:01, ** p < 0:05, * p < 0:1.
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V.7 Discussion and conclusion

This paper examines the relationship between GHG emissions and �rm equity risks for

a broad sample of European companies between 2010 and 2020. In the �rst part of the

paper, we show that scope 1 and scope 2 GHG emissions are positively associated with

�rm equity risks, whereas scope 3 emissions do not show a signi�cant relationship. In the

second part, we �nd that mandatory regulatory frameworks for GHG disclosure have a

risk-mitigating e�ect, and overall, that �rms that disclose GHG emissions are associated

with lower equity risks compared to those that do not disclose such information.

Regarding the �rst part of the �ndings, scope 1 emissions, being direct emissions

from a �rm's controlled sources, may be considered as particularly relevant by investors,

as they re�ect management's ability to address direct operational challenges. In addi-

tion, scope 2 emissions may also be particularly relevant as they o�er insights into the

�rm's vulnerability to external energy-related risks. In contrast, scope 3 emissions may

not be perceived as risk-relevant due to the challenges in terms of measurement and

control, as most scope 3 activities occur outside the �rm's direct operations (Depoers

et al., 2014; Bolton and Kacperczyk, 2021).

The second part of the �ndings add novel perspectives to the literature on CSR

disclosure and its e�ects on equity risks (Clarkson et al., 2013; Dhaliwal et al., 2014;

Liesen et al., 2016; Matsumura et al., 2013; Jouvenot and Krueger, 2019; Mittelbach-

Hörmanseder et al., 2020). As Matsumura et al. (2013) put it, �the markets penalize all

�rms for their carbon emissions, but a further penalty is imposed on �rms that do not

disclose emissions information� (pp. 695�696, Matsumura et al. 2013). Our �ndings

align with this perspective, o�ering additional empirical support. They demonstrate

that investors incorporate GHG emissions into their equity risk assessments and value

transparency.

This study does have limitations that warrant consideration. First, self-selection

bias may a�ect the results, as a �rm's decision to disclose GHG data is unlikely to be

entirely random. However, this concern is mitigated by the fact that nearly half of the

sample comprises �rms headquartered in countries with mandatory reporting require-
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ments. Second, like many CSR studies, this analysis may be subject to endogeneity,

making it di�cult to establish causality. Even though almost half of our sample dis-

closes GHG data due to mandatory reporting regime, the study remains associative,

and reverse causality cannot be ruled out. It is therefore possible that corporate �nan-

cial performance and GHG performance are mutually reinforcing, as noted in previous

research (e.g., Mittelbach-Hörmanseder et al., 2020).

Despite these limitations, the �ndings have important implications for �rms, reg-

ulators, and investors. They underscore the importance of GHG reporting and the

need for policymakers to incentivize reliable disclosures. For investors, the results show

that GHG emissions o�er valuable insights for portfolio decisions and risk assessments.

Future research could delve deeper into the risk implications of scope 3 GHG emis-

sions disclosures, given that they constitute the largest portion of emissions for most

industries.

V-247



Chapter VI

Evaluating TCFD reporting � A new application of

zero-shot analysis to climate-related �nancial

disclosures

Co-authors:

Elena Tönjes

David Lenz

Christoph Funk

Relative share:

40%

This chapter was published as:

Auzepy, A., Tönjes, E., Lenz, D. and Funk, C. (2023), `Evaluating TCFD reporting �

A new application of zero-shot analysis to climate-related �nancial disclosures', PLOS

ONE 18(11), e0288052.

DOI: https://doi.org/10.1371/journal.pone.0288052

VHB-NAMA: B

VI-248



CHAPTER VI. AUZEPY ET AL. (E)

An earlier version of this work was presented at:

ˆ AAAI 2022 Fall Symposium, The Role of AI in Responding to Climate Challenges,

Association for the Advancement of Arti�cial Intelligence, 2022, Arlington, Vir-

ginia, USA and virtual.

ˆ 15th International Conference of the ERCIM WG on Computational and Method-

ological Statistics (CMStatistics), 2022, King's College London, UK.

VI-249



Evaluating TCFD reporting � A new application of

zero-shot analysis to climate-related �nancial

disclosures

Abstract

We examine climate-related disclosures in a large sample of reports pub-

lished by banks that o�cially endorsed the recommendations of the Task

Force for Climate-related Financial Disclosures (TCFD). In doing so, we in-

troduce a new application of the zero-shot text classi�cation. By developing

a set of �ne-grained TCFD labels, we show that zero-shot analysis is a useful

tool for classifying climate-related disclosures without further model train-

ing. Overall, our �ndings indicate that corporate climate-related disclosures

increased after the launch of the TCFD recommendations and following in-

dividual endorsements. However, there are marked di�erences in the extent

of reporting by recommended disclosure topic, suggesting that some rec-

ommendations have not yet been fully met. Our �ndings yield important

conclusions for the design of climate-related disclosure frameworks.

JEL Classi�cation: G21, Q56, M48

Keywords: TCFD, climate-related disclosures, natural language processing
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VI.1 Introduction

Published in 2017, the recommendations of the Financial Stability Board's Task Force

on Climate-related Financial Disclosures (TCFD) have been described by the UK Gov-

ernment as �one of the most e�ective frameworks for companies to analyse, understand

and ultimately disclose climate-related �nancial information� (p. 6, Department for

Business, Energy & Industrial Strategy 2021).

The TCFD recommendations, which have been formally endorsed by more than

4,000 companies worldwide to date, are a set of voluntary disclosure guidelines aimed

at providing consistent climate-related information to investors and other key com-

pany stakeholders (Friederich et al., 2021). Compared to other reporting frameworks

(e.g., Carbon Disclosure Project, Global Reporting Initiative), a particular focus of the

TCFD recommendations is on disclosing information about the integration of climate-

related considerations into risk management, control structures and strategic aspects

of business operations (TCFD, 2017a,b). Overall, the recommendations are organized

into four primary disclosure categories (Governance, Strategy, Risk Management, Met-

rics and Targets) and eleven corresponding recommended disclosures associated with

each category (TCFD, 2017a). For an overview of the TCFD recommendations, see

Table VI.1.

Since reliable information on climate-related exposure is critical for making informed

investment decisions and appropriately pricing risks, an increasing number of investors

have been exerting pressure on companies to issue reports that include comprehensive

climate-related disclosures (Krueger et al., 2020). In addition, several countries, includ-

ing the UK and Switzerland, have taken steps to make TCFD reporting mandatory for

large companies in their jurisdictions. From a company perspective, the disclosure of

climate-related information often signals awareness and preparedness for climate-related

issues, while the absence of disclosure may, on the contrary, indicate that such issues

are not being su�ciently addressed by the company (Sullivan and Gouldson, 2012; Bin-

gler et al., 2022). Illustrating these arguments, Jung et al. (2018) and Subramaniam

et al. (2015) show that �rms are more likely to integrate risks associated with climate
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Table VI.1: The TCFD disclosure categories and underlying recommended disclosures.

Broad disclosure categories

Governance Disclose the organization's governance around climate-related risks and
opportunities.

Strategy Disclose the actual and potential impacts of climate-related risks and op-
portunities on the organization's businesses, strategy, and �nancial plan-
ning where such information is material.

Risk management Disclose how the organization identi�es, assesses, and manages climate-
related risks.

Metrics and targets Disclose the metrics and targets used to assess and manage relevant
climate-related risks and opportunities where such information is mate-
rial.

Underlying recommended disclosures

Governance a) Describe the board's oversight of climate-related risks and opportunities.

b) Describe management's role in assessing and managing climate-related
risks and opportunities.

Strategy a) Describe the climate-related risks and opportunities the organization
has identi�ed over the short, medium, and long term.

b) Describe the impact of climate-related risks and opportunities on the
organization's businesses, strategy, and �nancial planning.

c) Describe the resilience of the organization's strategy, taking into consid-
eration di�erent climaterelated scenarios, including a 2°C or lower scenario.

Risk management a) Describe the organization's processes for identifying and assessing
climate-related risks.

b) Describe the organization's processes for managing climate-related risks.

c) Describe how processes for identifying, assessing, and managing climate-
related risks are integrated into the organization's overall risk management.

Metrics and targets a) Disclose the metrics used by the organization to assess climate-related
risks and opportunities in line with its strategy and risk management pro-
cess.

b) Disclose Scope 1, Scope 2, and, if appropriate, Scope 3 greenhouse gas
(GHG) emissions, and the related risks.

c) Describe the targets used by the organization to manage climate-related
risks and opportunities and performance against targets.

Source: TCFD (2017a)
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change into their overall risk management when such �rms also disclose climate-related

information.

Against this background, it is surprising to �nd that research on climate-related

disclosures remains sparse. More importantly, prior studies on the TCFD recommen-

dations mostly focus on the quantity of information disclosed at the aggregate TCFD

category level, and have left an analysis of the reported content within each category

largely untouched. A more in-depth analysis within each of the four TCFD pillars is

essential, as the quality and �nancial materiality of the disclosed information may vary

depending on the industry (Friederich et al., 2021). For example, Bingler et al. (2022)

investigate climate-related disclosures based on the four core TCFD disclosure cate-

gories from 2015 to 2020. Their �ndings reveal that �rms selectively disclose climate-

related information, mainly concentrating on Governance and Risk Management, which

the authors regard as the least material categories. Similarly, Ding et al. (2023) an-

alyze how carbon emissions a�ect voluntary climate-related disclosures at the TCFD

category level. Their results show that �rms with higher levels of carbon emissions dis-

close more climate-related information. Speci�cally, they report a positive relationship

between carbon emissions and disclosures at the category level for strategy, risk man-

agement and metrics and targets. Finally, Friederich et al. (2021) analyze the types

of climate risks (physical or transition) reported in corporate annual reports. Their

study provides evidence that disclosures related to transition risks have experienced a

more pronounced increase compared to disclosures concerning physical risks, which are

still lagging behind. While the authors take a more granular approach with regard to

the materiality of climate-related disclosures, their �ndings do not encompass all the

recommended TCFD disclosures, as climate risks make up only a small portion of the

multifaceted issues to be addressed in TCFD reporting.

A shared characteristic of these studies is to rely on computerized textual analysis

techniques, such as natural language processing (NLP), for the evaluation of climate-

related disclosures. An important contribution in this regard is the work by Bingler

et al. (2022), who introduced �ClimateBERT�, a BERT model speci�cally �ne-tuned

to identify climate-related information within company disclosures based on the broad
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TCFD categories. Similarly, Friederich et al. (2021) employ multiple pretrained BERT-

related models, including DistilBERT and RoBERTa, to examine references to climate

risks in company reports. Overall, these studies present mixed results regarding the

e�ectiveness of climate-related disclosures in delivering high-quality and material infor-

mation, primarily due to challenges such as greenwashing, a lack of transparency, and

insu�cient availability of quantitative data (Mehra et al., 2022).

Motivated by the importance of a detailed and comprehensive analysis of climate-

related disclosures not only at the broad TCFD category level, but also within each

individual category, we contribute to the literature in two ways. First, we provide

novel insights into the state of disclosures related to the TCFD recommendations by

examining a sample of 3,335 reports published by TCFD-supporting banks between

2010 and 2021. Our focus on the banking industry is due to two key factors. On the

one hand, it aligns with the fact that the TCFD recommendations primarily target

�nancial institutions (TCFD, 2017b). On the other hand, it acknowledges the varying

materiality of sustainability-related information across di�erent industries. Within the

�nancial sector, the identi�cation and reporting of carbon-related asset concentrations

hold particular importance due to the impact of climate change on credit risk and the

potential risks associated with stranded assets (Beyene et al., 2021; FSB, 2015). Thus,

we build a sample of TCFD-supporting banks by retrieving all banks that have publicly

declared their support to TCFD and are listed as o�cial supporters on TCFD's website.

To leverage information on the TCFD recommendations beyond the four core disclosure

categories, we develop a set of 14 �ne-grained labels that are designed to capture the

most central aspects of the TCFD recommendations for banks using similar semantics.

Second, we contribute to the literature on the use of NLP in the context of climate-

related �nancial disclosures by introducing the zero-shot text classi�cation as a new

method for systematic and automated extraction of textual information from large

amounts of reports including climate-related data. The zero-shot approach o�ers a

critical advantage over other language models as it allows for sentence classi�cation

based on labels for which it has received no speci�c prior training. Our model relies

on a multi-label approach and assigns probabilities (ranging from 0 to 100%) to each
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extracted text sequence in our sample of 3,335 reports. These probabilities represent the

likelihood that a given text sequence aligns with a speci�c label. A higher probability

suggests that the semantics of a text sequence match the semantics of the corresponding

label, indicating that the sequence addresses the topic speci�ed by the label. Thus, when

a text sequence explicitly and precisely discusses a topic related to a label, it receives

a higher label probability through the zero-shot text classi�cation. In our analyses,

we interpret higher label probabilities as proxys of disclosure quality. Furthermore, a

higher label probability can also serve as an indication of the extent of disclosure on a

particular topic, as a more detailed coverage of the topic is likely to result in a higher

probability. As our method does not require any labeled training data, it also does

not impose any restrictions on the number of labels (or classes), which allows us to

perform a more detailed analysis of the underlying TCFD recommended disclosures.

Additionally, the TCFD recommendations are well-suited for the zero-shot analysis, as

they provide us with an already-existing framework and semantics (Ding et al., 2023).

In contrast, a weakness of ClimateBERT (Webersinke et al., 2021) and, more gener-

ally, of algorithms trained to identify and classify climate-related content, is that such

models require an extensive training set of human-labeled sentences. Manual labeling

of sentences is not only time-consuming, but can also be error-prone. Therefore, for

quality and consistency reasons, highly-trained and specialized �labelers� are required,

which can also make the labeling process costly. Furthermore, the more classes (or cat-

egories of labels) to be included into the classi�cation scheme of the model, the more

labeled data is needed to ensure that each class comes with a reasonable amount of

examples attached to it, which can be a limiting factor in some scenarios.

Our paper yields the following sets of �ndings. First, we investigate the level of

disclosure within our sample of TCFD-supporting banks at the broad category level.

Speci�cally, we develop two di�erent types of labels: �general labels� that cover topics

that are not speci�cally related to climate, as well as �climate-related labels� that corre-

spond to the broad TCFD categories (i.e., climate-related governance, climate-related

strategy, climate-related risk management and climate-related metrics and targets). We

�nd that the mean probabilities relating to the general labels remain stable over the
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period from 2010 to 2021, while we observe an increase in all of the probabilities for

the climate-related labels at category level over the same time period. In particular,

we report that the disclosures related to �climate-related strategy� and �climate-related

metrics and targets� grew particularly dynamically, reaching mean probabilities of up

to 22% and 20% respectively in 2021, compared to 12% in 2010. Overall, this suggests

an increased attention and priority given to the development of climate-related business

strategies with corresponding targets among TCFD-supporting banks.

As a next step, we analyze the mean probabilities associated with our �ne-grained la-

bels, which cover the underlying recommended disclosures. This approach enables us to

provide a more nuanced assessment of reporting quality beyond each broad TCFD cat-

egory. Our results indicate substantial variation and notable gaps in reporting. In the

strategy area, which is the most comprehensive category and contains several speci�c

recommended disclosures for banks, we �nd that label probabilities are particularly low

for disclosures related to �nancing and investment activities for carbon-intensive indus-

tries such as the fossil fuel industry. Similarly, in comparison to other strategy-related

topics, TCFD-supporting banks exhibit a reduced likelihood of explicitly addressing the

use of climate-related scenario models in their reporting. Under metrics and targets, we

�nd that the incorporation of climate-related performance metrics into remuneration

policies is associated with a lower label probability compared to labels related to carbon

footprints and emissions reduction targets. In the governance area, TCFD-supporting

banks demonstrate comparable levels of disclosure regarding the board's responsibility

in overseeing climate-related issues and the management's role in assessing and man-

aging such matters.

Third, as joining TCFD necessitates internal capacity and preparation (e.g., due to

data collection), not all of the banks joined directly in 2017. We follow the approach in

(Bingler et al., 2022) and investigate whether climate-related disclosures increased after

the o�cial launch of the TCFD recommendations in 2017 and after banks individually

endorsed the TCFD recommendations. Overall, we �nd that the individual support of

the TCFD recommendations goes along with an increase in climate-related reporting,

which is statistically signi�cant but economically modest. In terms of magnitude, we
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�nd a total average increase of 2.72 percentage points across all labels, which is in

line with Bingler et al. (2022) who report an increase of approximately 2.2 percent-

age points. Examining the disclosures of the banks that became supporters after the

o�cial TCFD launch, the most notable di�erences are observed in the Metrics and Tar-

gets category, and pertain to carbon footprints as well as emissions reduction targets.

Consequently, our results indicate that TCFD-supporting banks enhance their level

of disclosures relating to carbon emissions following their o�cial TCFD endorsement,

which is consistent with the �ndings of Ding et al. (2023).

Altogether our �ndings are robust to various labels evaluation tests. We also ex-

amine whether our results are consistent with existing literature on the relationship

between company size and CSR activities (e.g., Gillan et al., 2021). In line with our ex-

pectations, we report that larger banks exhibit higher disclosure probabilities compared

to medium or small banks.

The remainder of this paper is organized as follows. First, we present our data,

followed by our methods and model performance evaluation. Our results section is

twofold. In the �rst part, we present the results of the zero-shot classi�cation at the

category level. In the second part, we analyze the results for the �ne-grained labels cov-

ering the TCFD recommended disclosures. The results are summarized and discussed

in the last section.

VI.2 Data

We apply the zero-shot classi�cation to a sample of 3,335 hand-collected reports between

2010 and 2021. Due to the large di�erences between the homepages of the TCFD-

supporting banks in our sample, a fully automated scraping approach is not possible.

As a preliminary step, we extract the names of the TCFD-supporting banks from

TCFD's website, based on the industry categories �banks�, �central banks� and �capital

markets�. After eliminating banks that could not be identi�ed or lacked online annual

reports, we are left with 188 TCFD-supporting banks. Table VI.2 presents the bank

level data.
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Table VI.2: Size and region of TCFD-supporting banks.

Region Large Medium Small
P

Asia Paci�c 15 51 24 90

Europe 23 26 17 66

Latin America 0 4 3 7

Middle East & Africa 0 3 2 5

North America 9 8 3 20

P
47 92 49 188

Remark: This table presents the distribution of TCFD-supporting banks in our sample, categorized
by their region of headquarters and the size of their total assets.

As a subsequent step, we proceed to categorize the banks in our sample based on

two criteria: the region where their headquarters are located and their total asset size.

In our analysis, we designate banks with total assets exceeding USD 500 billion as

�large�, those with total assets ranging between USD 50 billion and USD 500 billion as

�medium�, and banks with less than USD 50 billion as �small�. Interestingly, nearly half

of our sample comprises banks from the Asia-Paci�c region. European banks constitute

around one-third of the sample, while North American banks represent approximately

10%. In terms of asset size, the majority of banks fall into the mid-sized category, with

total assets ranging between USD 50 billion and USD 500 billion.

Next, we follow the approach in Bingler et al. (2022) and collect available bank

reports for the period 2010 to 2021 to capture textual data both before and after the

publication of the TCFD recommendations in June 2017. The reports are classi�ed ac-

cording to the following categories: annual reports, CDP reports, corporate governance

reports, integrated reports, remuneration reports, sustainability reports, and TCFD re-

ports. Our analysis extends beyond relying solely on TCFD reports since most TCFD

supporters do not publish standalone reports speci�cally dedicated to climate-related

disclosures but rather integrate key information into their annual and sustainability

reports. This aligns with the TCFD recommendations, which indicate that climate-

related disclosures should be included in �mainstream (i.e., public) annual �nancial
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Table VI.3: Sample composition.

Report category Number of
reports

Average pages Average number
of sentences

Annual Report 1,869 207.98 2,711.21

CDP Report 75 63.43 699.79

Corporate Governance Report 148 69.44 1,014.25

Integrated Report 183 163.98 2,354.95

Remuneration Report 83 36.88 494.42

Sustainability Report 896 81.01 1,158.54

TCFD Report 81 36.68 544.37

P
= 3 ; 335 �x = 94.20 �x= 1,282.50

Remark: This table describes the composition of the �nal sample used for zero-shot classi�cation,
comprising a total of 3,335 reports across various report types.

�lings� (TCFD, 2017b). The majority of reports in our sample consists of annual and

sustainability reports.

After parsing the reports to ensure they are in a suitable raw text format for the zero-

shot classi�cation, we are left with a total sample of 3,335 bank reports, as illustrated

in Table VI.3. In comparison to prior TCFD-related studies, the zero-shot allows us to

examine a comparatively large sample of reports. As a comparison, Ding et al. (2023)

apply computerized textual analysis to a sample of 140 reports from TCFD signatories,

while Demaria and Rigot (2021) examine the reference documents of a sample of 40

French �rms between 2015 and 2018.

VI.3 Methodology

VI.3.1 Parsing PDFs

The reports utilized in our study are in PDF format. Extracting and converting textual

information from PDF documents for subsequent analysis using NLP techniques is not

as straightforward as working with text stored in CSV or TXT �les. To address this
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challenge, we employ a layout-parsing model designed to detect and extract the actual

text from PDF documents. In particular, we include the actual text from the reports

and deliberately omit text from tables and graphs, which not only increases the quality

of our data, but also saves computation time.

Our parsing model is based on Visual-Layout (VILA) groups introduced by Shen et

al. (Shen et al., 2022). VILA converts textual data into groups of tokens (text lines or

blocks) and assigns a layout tag to these tokens. There are several variants of VILA,

such as H-VILA (Visual Layout-guided Hierarchical Model) and I-VILA (Injecting Vi-

sual Layout Indicators). After conducting several trials, we select the H-VILA block

variant trained on grotoap2 using the layoutLM model (Xu et al., 2020) as it delivers

the best extraction and tokenization results. The output consists of the extracted text

as groups of tokens together with the corresponding layout tags. Depending on the

training set, the layout tags can be �gures, body content, abstract and title. For our

analysis, we keep the parts tagged as body content and abstract. In order to further

improve our extraction results, we take further cleaning steps, which are summarized

in Table VI.4.

VI.3.2 Zero-shot text classi�cation

A widely used and important NLP task is text classi�cation (Belinkov and Glass, 2019).

Text classi�cation is used to organize and analyze very large amounts of textual data by

assigning classes, or so-called �labels�, based on the topic of individual text sequences,

which can consist of sentences, paragraphs, or entire pages. In general, text classi�cation

is carried out using neural network models, which can be as simple as basic neural

networks or more sophisticated language models equipped with classi�cation end-layers.

These models (e.g., BERT or BART) undergo pre-training on extensive text data to

acquire semantic understanding (Mehra et al., 2022). These pretrained models can

subsequently be employed for various NLP tasks and �ne-tuned for a speci�c task. The

�ne-tuning process involves combining di�erent combinations of pre-trained language

models (i.e., the base model) with task-speci�c end-layers.

Fine-tuning a base model can be accomplished by training it with labeled training
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Table VI.4: Cleaning steps of parsed raw texts.

Problem Fix

Extra whitespaces Replace extra whitespaces by single
whitespace

Words separated by hyphen Remove hyphen

Words separated by whitespace Remove whitespace

Model parsed some �, � and if characters as one
special character

Replace special double characters by nor-
mal characters

Whitespaces between word in sentence and
punctuation

Remove whitespace

URLs in text which do not have any semantic
meaning

Remove all URLs from text

Parsed some sentences character by character
with whitespace between them, i.e., S E N T
E N C E instead of Sentence. Problem mostly
occurred with �gure subtexts

As most �gure subtexts do not have im-
portant semantic meaning, we removed
such single characters

Remark: This table outlines the text cleaning steps applied to the raw parsed outputs from our H-
VILA-based parsing model.

data. As a result, the accuracy of the model often relies on the size and quality of

the training data. However, creating a training set for sentence classi�cation presents

several drawbacks: First, the process of manually labeling large amounts of text is

extremely time-consuming and requires signi�cant human resources. Second, the la-

beling process must be repeated when classes need to be changed or new labels need

to be added. Third, assigning the correct label to a sentence can be challenging even

for humans, as certain sentences can be interpreted in di�erent ways. Another draw-

back is the potential bias introduced by human labelers, making it di�cult to obtain

a representative training set (Beltagy et al., 2019). Lastly, �nding suitable training

data poses a challenge since the training data cannot be the same as the data used for

actual analysis. For instance, in the analysis of TCFD reports, the labeled reports used

for model training cannot be reused. Moreover, due to the limited number of TCFD
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reports published by banks and the imperfect nature of TCFD reporting by companies,

there is a limitation in acquiring high-quality training data.

In this paper, we address the aforementioned drawbacks by employing a zero-shot

text classi�cation model introduced by Davison (2020). The model is able to classify

text sequences based on the semantics of the input sequences and the labels without

further requiring additional training. A simpli�ed structure of our model architecture

is shown in Fig VI.1. To perform the zero-shot classi�cation, we employ BART as a

base model. The model has been pre-trained on approximately 160GB of text from

the English Wikipedia and BookCorpus dataset to develop an understanding of textual

semantics (Mehra et al., 2022). Given that the TCFD recommendations do not speci�-

cally focus on �nancial language but rather general semantics, we consider BART to be

well-suited for our analysis. Additionally, since the reports in our sample are in English,

we can leverage the fact that the model was pre-trained on a large English language

corpus. Compared to other models like BERT, the BART model (Lewis, 2019) utilizes a

sequence-to-sequence translation architecture with bidirectional encoders (BERT) and

a left-to-right autoregressive decoder (GPT model), combining the strengths of both.

When used as a base model in conjunction with zero-shot text classi�cation, BART

demonstrates good performance results (Davison, 2020).

For our zero-shot classi�cation, we employ a speci�c NLP task known as multi-

natural language inference (MNLI) (Davison, 2020). This approach embeds both the

sentences of a text (sequence of words) and the labels themselves into a shared latent

space. In this latent space, the proximity between the sentence and the label can be

computed, indicating the probability of a match. The closer the label is to the sen-

tence, the higher the probability that the label matches the sentence. In the context

of zero-shot text classi�cation, labels are therefore used to assess the probability that a

text sequence addresses one (or more) labeled topics. While the zero-shot text classi�-

cation yields probabilities from 0 to 100% for each label, the ClimateBERT model used

in Bingler et al. (2022) does not yield probabilities as output. Instead, it produces a

binary output where one label is considered true and all others are false. For example,

the classi�cation output of one governance-related paragraph could be 1 for the label
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Figure VI.1: Model architecture overview.

Remark: On the left hand side, the BART model is pre-trained on all English Wikipedia articles and
the BooksCorpus dataset. By masking parts of sentences ([MASK]), the model is trained to learn the
semantics and to predict the missing parts. The process is repeated for all sentences in the pre-training
dataset. On the right hand side, the model is �ne-tuned on the MNLI task and returns probabilities
for entailment, contradiction and neutral, as shown on the left hand side. Source: Own representation.

governance, and 0 for all other labels, i.e., 0 for strategy, 0 for risk Management etc.

Compared to our approach, the authors measure the proportion of TCFD-related con-

tent in corporate reports by summing up the results for all labels and putting them in

relation to the number of paragraphs (Bingler et al., 2022).

In contrast, our text classi�cation model treats text sequences as premises and labels

as hypotheses. It tokenizes both the sentence and the label, leveraging the underlying

language to embed them. These embedded representations are then processed through

the pre-trained MNLI layer. The MNLI end-layer consists of a simple fully-connected

neural network that produces a vector of logit scores for three possible outcomes: �neu-

tral�, �contradiction� and �entailment� (Davison, 2020; Lewis, 2019). Consequently, the

hypothesis is evaluated against the premise, resulting in a classi�cation of entailment,
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contradiction, or neutrality. The score for �neutral� is discarded and a softmax function

is applied to the �contradiction� and �entailment� scores in order to be able to interpret

them as a probability on a scale from 0 to 100%. In our analyses, the scores shown

are for the �entailment� only. They can be interpreted as the probability that a text

sequence matches a given label, or in other words, the probability that the given label

is true. This �ne-tuned end-layer can subsequently be used for zero-shot classi�cation

without any additional training.

Finally, due to the interconnected nature of the TCFD recommendations and the

possibility for a sentence to align with multiple recommended disclosures simultane-

ously, we adopt a multi-label approach. Consequently, we do not constrain the zero-

shot text classi�cation to return probabilities that sum up to one, as in the single-label

approach. Instead, we employ an approach where the model can assign probabilities

ranging from 0 to 1 for each label (multi-label approach), accounting for the potential

overlap between a sentence and multiple labels. As a result, the probabilities assigned

to all labels for each sentence do not necessarily add up to one.

VI.3.3 Fine-grained TCFD labels

The TCFD has structured its recommendations along four core disclosure categories:

Governance, Strategy, Risk Management, Metrics and Targets (see Table VI.1). Each

category comprises two to three recommended disclosures, accompanied by detailed

descriptions specifying the information to be included. Recognizing the varying materi-

ality of information across industries, the TCFD has also developed additional guidance

tailored to the �nancial sector, including banks, insurance companies, asset managers,

and asset owners (TCFD, 2017b). In its guidance for banks, the TCFD emphasizes that

climate-related disclosures from credit institutions should facilitate the identi�cation of

large concentrations of carbon-related assets and provide a better understanding of the

�nancial system's exposure to climate-related risks (TCFD, 2017b).

We proceed by creating a set of general labels covering each main category:GO.1

Climate-related Governance, ST.1 Climate-related Strategy, RM.1 Climate-related Risk

Management, MT.1 Climate-relate Metrics and Targets. The inclusion of �climate-
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related� ensures that the zero-shot classi�cation primarily captures sentences address-

ing climate-related topics. For a comprehensive overview of our �ne-grained labels,

please refer to Table VI.5. Next, we develop a set of targeted labels based on the

recommended disclosures, their description, and the additional guidance provided for

the �nancial sector. Under the governance pillar, we summarize the recommended

disclosures, �describe the board's oversight of climate-related risks and opportunities�

and �describe management's role in assessing and managing climate-related risks and

opportunities� into two labels: GO.1.1 Board's responsibility for overseeing climate-

related issuesand GO.1.2 Executive management's role related to the assessment and

management of climate-related issues. We include the terms �executive� and �strate-

gic role� to highlight that these recommendations refer to the assignment of strategic

responsibilities at executive management level. In addition, the TCFD often uses the

expression �climate-related issues� to refer to climate-related risks and opportunities.

Hence, we incorporate this expression in our labels.

In the strategy area, we employ the labelsST.1.1 Climate-related transition risks

such as policy, legal, technology, market and reputation risks emerging from climate

change and ST.1.2 Climate-related physical risks such as acute weather events and

chronic shifts in weather patternsto capture the recommended disclosure that states

to �describe the climate-related risks and opportunities the organization has identi�ed

over the short, medium, and long-term�. Since the TCFD speci�cally recommends

discussing examples of transition and physical risks, we distinguish between the two

types of risks in our labels. Next, we turn to the second recommended disclosure in the

strategy area, which is �describe the impact of climate-related risks and opportunities

on the organization's businesses, strategy, and �nancial planning�. Given that issues

related to �businesses, strategy, and �nancial planning� are particularly di�cult to

summarize into one label, we rather focus on the �rst part related to the �nancial

impact. We aim to capture whether �nancial institutions perceive climate change as

having a signi�cant �nancial impact on their operations. Based on this, we develop

the label ST.1.3 Material �nancial impact of climate-related issues. In addition, the

TCFD encourages the description of climate-related scenarios if such scenarios are used
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Table VI.5: Overview of TCFD labels.

Governance GO.1. Climate-related governance

GO.1.1 Board's responsibility for overseeing climate-related issues

GO.1.2 Executive management's strategic role related to the assessment
and management of climate-related issues

Strategy ST.1. Climate-related strategy

ST.1.1 Climate-related transition risks such as policy, legal, technology,
market and reputation risks emerging from climate change

ST.1.2 Climate-related physical risks such as acute weather events and
chronic shifts in weather patterns

ST.1.3 Material �nancial impact of climate-related issues

ST.1.4 Credit exposure to carbon-related assets

ST.1.5 Financing and investment for carbon-intensive industries such
as fossil fuel industry

ST.1.6 Use of climate-related scenario models to analyse the impact of
climate-related risks

ST.1.7 Resilience of the bank's strategy under di�erent climate-related
scenarios

Risk Management RM.1. Climate-related risk management

RM.1.1 Processes to identify, assess and manage climate-related risks
and integrate them into overall risk management

RM.1.2 Relationship between climate-related risks and �nancial risks
such as credit risk, market risk, liquidity risk and operational
risk

Metrics & Targets MT.1. Climate-related metrics and targets

MT.1.1 Carbon footprint, direct and indirect greenhouse gas emissions

MT.1.2 Incorporation of climate-related performance metrics into remu-
neration policies

MT.1.3 Emissions reduction and carbon neutrality targets

Remark: This table provides an overview of the �ne-grained labels created for classifying climate-
related disclosures in accordance with the TCFD's core pillars: Governance, Strategy, Risk Manage-
ment, and Metrics and Targets. The labels are derived from TCFD (2017b).
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(TCFD, 2017b). Therefore, we create the labelST.1.6 Use of climate-related scenario

models to analyze the impact of climate-related risksto assess whether the banks in our

sample conduct such analyses and disclose related information.

Additionally, the TCFD recommends banks to describe signi�cant concentrations of

credit exposure to carbon-related assets. This recommendation overlaps with a similar

recommended disclosure in the metrics and targets category, which requires banks to

�provide the amount and percentage of carbon-related assets relative to total assets as

well as the amount of lending and other �nancing connected with climate-related oppor-

tunities�. Considering these recommendations, we create the labelsST.1.4 Credit expo-

sure to carbon-related assetsand ST.1.5 Financing and investment for carbon-intensive

industries such as fossil fuel industry. Finally, we turn to the last recommended disclo-

sure under the strategy category, �describe the resilience of the organization's strategy,

taking into consideration di�erent climate-related scenarios, including a 2°C or lower

scenario� and add the labelST.1.7 Resilience of the bank's strategy under di�erent

climate-related scenarios.

Within the risk management pillar, the TCFD advises to �describe the organization's

processes for identifying and assessing climate-related risks�, to �describe processes for

managing climate-related risks�, and to �describe how processes for identifying, assess-

ing, and managing climate-related risks are integrated into the organization's overall

risk management�. Using the labelRM.1.1 Processes to identify, assess and manage

climate-related risks and integrate them into overall risk management, we combine the

above recommended disclosures into one label. With respect to the additional guid-

ance for banks, the TCFD advises to consider characterizing climate-related risks in

the context of traditional banking industry risk categories such as credit risk, market

risk, liquidity risks and operational risks. We therefore add the labelRM.1.2 Relation-

ship between climate-related risks and �nancial risks such as credit risk, market risk,

liquidity risk and operational risk.

Under the metrics and targets pillar, the TCFD recommends to �disclose the metrics

used by the organization to assess climate-related risks and opportunities in line with its

strategy and risk management process�. In this context, organizations are encouraged
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to provide key metrics used to measure and manage climate-related risks, and banks

are particularly advised to disclose metrics employed to assess the impact of transi-

tional and physical climate-related risks on their lending and other �nancial activities

(TCFD, 2017b). Additionally, banks are required to disclose �the amount and percent-

age of carbon-related assets relative to total assets as well as the amount of lending

and other �nancing connected with climate-related opportunities�. These recommen-

dations are closely related to the recommended disclosures under the strategy and risk

management pillars, as they also involve the disclosure of metrics related to climate-

related transition and physical risks and their impacts (e.g., labelsST.1.1 , ST.1.2 , and

ST.1.3 ). Thus, we focus on a speci�c sub-element within the recommended disclosure,

i.e., �where climate-related issues are material, organizations should consider describ-

ing whether and how related performance metrics are incorporated into remuneration

policies�. We label thisMT.1.2 Incorporation of climate-related performance metrics

into remuneration policies. This label aims to assess whether banks report on the inclu-

sion of climate-related metrics in their compensation practices, re�ecting the growing

importance of sustainability-related performance measures in executive remuneration

(TCFD, 2017b). Next, in response to the recommended disclosure �disclose Scope 1,

Scope 2, and, if appropriate, Scope 3 greenhouse gas (GHG) emissions, and the related

risks�, we create the labelMT.1.1 Carbon footprint, direct and indirect GHG. Lastly,

the TCFD recommends to �describe the targets used to manage climate-related risks

and opportunities and performance against targets�. Since the TCFD encourages the

disclosure of GHG emissions targets, as it also places great emphasis on gaining a better

understanding of the concentrations of carbon-related assets in the �nancial sector, we

focus on this particular type of target and create the labelMT.1.3 Emissions reduction

and carbon neutrality targets.

VI.4 Label evaluation

The zero-shot text classi�cation model used in our study does not require speci�c

training with pre-labeled data. As a result, the model cannot be validated in the
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conventional manner of splitting a dataset into training and test sets and evaluating

the model's performance on the test set. Nonetheless, we can still conduct a series of

evaluation tests to assess the text sequence recognition and classi�cation performance

of our zero-shot text classi�cation model.

To create a dataset for evaluation, we manually collect sentences that align with

the TCFD recommendations and assign them speci�c labels. These sentences are ex-

tracted from the TCFD good practice handbook (Board, 2019, 2021), which features

examples of best practice disclosures selected by the TCFD. Additionally, we manually

extract sentences from TCFD reports of companies outside the banking sector. We also

incorporate sentences from the training repository provided by Webersinke et al. (We-

bersinke et al., 2021). All of these sentences have been assigned a label by the authors,

which is either �governance�, �strategy�, �risk management�, �metrics and targets� or

�none�. We reassign one of our �ne-grained labels to these text sequences.

In the �rst step, we apply the zero-shot classi�cation to the dataset using a multi-

label approach. This approach allows the zero-shot model to provide results for each

label independently, acknowledging that a text sentence may correspond to multiple

labels. Consequently, the results returned by the zero-shot classi�cation for each label

do not sum up to one. We utilize the �ne-grained labels listed in Table VI.5. We also

include the label �none� in the classi�cation task. The purpose of this label is to capture

non-climate-related text sequences, i.e., text sequences that do not �t any of our �ne-

grained labels. Including the �none� label ensures that the labels assigned by the zero-

shot are based on the semantics of the text sequences rather than by pure chance. To

assess the model's performance with respect to the �none� label, we use sentences labeled

as �none� in the aforementioned training repository, as well as additional sentences

labeled as �none� by us. The results of the zero-shot text classi�cation applied to the

dataset are shown in Fig VI.2. The x-axis represents the manually annotated sentences,

while the y-axis shows the results from our zero-shot analysis based on the climate-

related labels. The results represent the mean probability returned by the zero-shot

model that the sentences in a given column deal with the topic represented by the label

in the corresponding row. Darker entries represent higher likelihoods classi�ed by the
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Figure VI.2: Label evaluation matrix based on test dataset.

Remark: This matrix presents the results of the zero-shot text classi�cation applied to our test dataset.
The �ne-grained TCFD labels are based on the recommended disclosures and the supplemental guid-
ance for the �nancial sector.

model. In an optimal zero-shot text classi�cation, the entries along the diagonal would

be the darkest.

These results demonstrate that our model accurately assigns high probabilities to

the appropriate labels. At the same time, we also observe that labels ST.1.1 (Climate-

related transition risks), ST.1.3 (Material �nancial impact of climate-related issues),

ST.1.7 (Resilience of the bank's strategy), RM.1.1 (Processes to identify, assess and

manage climate-related risks and integrate them into overall risk management), and

RM 1.2 (Relationship between climate-related risks and �nancial risks) perform worse

than other labels in terms of text sequence recognition. For example, both the groups

of sentences that we labeled as risk management sequences as well as other sentence

groups were assigned the labels RM.1.1 and RM1.2 with a probability of 60% or higher.
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There could be several reasons for these results. First, the abstract nature of some

topics covered may render them less suitable for zero-shot text classi�cation. Terms

such as �resilience� encompass a wide range of interpretations, posing challenges in

precise reporting and potentially causing overlaps with multiple text sequences. This

observation also brings attention to weaknesses in the design of the TCFD recommen-

dations. Second, the TCFD recommendations often encompass closely interconnected

themes, leading to situations where text sequences can align with multiple labels si-

multaneously. For example, the only label which does not have the highest probability

for its own group of sentences is label MT.1.1 (Carbon footprint, direct and indirect

greenhouse gas emissions), where a higher probability was assigned by the zero-shot to

MT.1.3 (emissions reduction and carbon neutrality targets). Given the close relation-

ship between these topics, it is unsurprising to observe high probabilities assigned to

both sets of sentences. However, in order to maintain consistency with the semantics

of the TCFD recommendations, we made a deliberate choice not to modify the labels.

The probabilities for the �none� label are consistently low across all sentences, in-

dicating that the model does not simply label by chance, but rather incorporates the

semantics of the labels in its classi�cation. Sentences labeled as �none� received low

probabilities for nearly all labels. The exception is label �climate-related transition

risks� (ST.1.1), which has a slightly higher probability of 37% for the �none� sentences.

This may be linked to the fact that this label encompasses many di�erent types of risks,

such as political and legal risks, technological risks, market risks, and reputation risks,

all of which belong to the �transition risks� category. For some sentences describing

these risks, the zero-shot classi�cation may not directly identify the link to climate

change. Furthermore, we also notice that more abstract labels such as RM.1.1 and

RM.1.2 have higher values for �none� sentences as well.

In addition to our graphical analysis, we evaluate the model performance by exam-

ining the overall F1 scores and the individual F1 scores of our labels, as illustrated in

Table VI.6. We evaluate the model based on test data previously used in Fig VI.2,

focusing on our �ne-grained labels. In contrast to the previous matrix, we calculate the

F1-scores using a single-label approach, as we also performed a single-label approach
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Table VI.6: Comparison of performance based on F1 scores.

Label Recall Precision F1-Score

GO.1.1 0.53 0.97 0.69

GO.1.2 0.74 0.72 0.73

ST.1.1 0.66 0.29 0.40

ST.1.2 0.61 0.79 0.69

ST.1.3 0.28 0.46 0.34

ST.1.4 0.52 0.54 0.53

ST.1.5 0.31 1.00 0.48

ST.1.6 0.57 0.77 0.65

ST.1.7 0.51 0.50 0.51

RM.1.1 0.73 0.61 0.66

RM.1.2 0.59 0.29 0.39

MT.1.1 0.58 0.90 0.70

MT.1.2 0.68 0.91 0.78

MT.1.3 0.93 0.24 0.39

Remark: The overall performance scores are: Micro F1-score: 0.6029, Macro F1-score: 0.5668,
Weighted F1-score: 0.6281.

by manually attributing a speci�c label to the text sequences in our dataset. Overall,

our model obtains a micro F1 score of 0.60 and a macro F1 score of 0.57, which is sat-

isfactory considering the presence of 14 classes. In addition, we observe that material

�nancial impact of �nancial issues (ST.1.3) is the most challenging to identify (F1-score

of 0.34) and the incorporation of climate-related performance metrics into remuneration

policies (MT.1.2) the easiest (F1-score of 0.78). This discrepancy may be explained by

the fact that �nancial material impact is a broader concept, and the task of identifying

corresponding sentences may be more challenging, even for humans. We also observe

that our governance labels exhibit a comparatively high precision. In contrast, the

labels pertaining to transition risks (ST.1.1), the relationship between climate-related

risks and �nancial risks (RM.1.2) and emissions-reduction targets (MT.1.3) display rel-

atively lower precision, suggesting a higher number of false positives. Additionally, our
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labels exhibit relatively high recalls, with the exception of material �nancial impact of

�nancial issues (ST.1.3.) and �nancing and investment for carbon-intensive industries

(ST.1.5).

Altogether, our zero-shot text classi�cation does not appear to assign probabilities

purely by chance. The TCFD recommendations appear to be intertwined, which is an

argument for the multi-label approach we use. We also �nd that zero-shot classi�cation

yields better results when labels are based on well-delineated and precisely de�ned

concepts.

VI.5 Results

VI.5.1 Climate-related disclosures by broad TCFD categories

The main objective of the TCFD recommendations is to guide companies in disclosing

consistent and decision-useful information for key stakeholders (Bingler et al., 2022).

These climate-related disclosures aim to reduce information asymmetry between report-

ing �rms and stakeholders and demonstrate companies' awareness of climate-related

issues (Krueger et al., 2020; Jung et al., 2018; Ding et al., 2023). In a �rst step, we

examine the probability that corporate reporting addresses climate-related issues and

relates to one of the four main TCFD pillars. Table VI.7 presents the probabilities

associated with the general labels �Governance�, �Strategy�, �Risk Management�, and

�Metrics and Targets� as well as the probabilities for our labels �climate-related Gover-

nance� (GO.1), �climate-related Strategy� (ST.1), �climate-related Risk Management�

(RM.1) and �climate-related Metrics and Targets� (MT.1), respectively. We intention-

ally include both types of labels to facilitate a comparison between disclosures on general

topics and disclosures speci�cally related to climate-related matters.

Several observations can be made based on these results. First, the mean proba-

bilities for the general labels, which do not speci�cally mention climate-related topics,

are higher compared to the probabilities for the speci�c climate-related labels. For

instance, the probability of reporting on �Governance� is consistently higher than the

probability of reporting on �climate-related Governance� (GO.1) throughout the entire
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Table VI.7: Mean of label probabilities at category level per �nancial year.

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Governance 0.31 0.31 0.30 0.30 0.31 0.31 0.31 0.31 0.31 0.31 0.32 0.32

GO.1 0.11 0.11 0.12 0.11 0.12 0.12 0.12 0.13 0.14 0.15 0.17 0.19

Strategy 0.40 0.40 0.40 0.40 0.39 0.40 0.39 0.40 0.39 0.40 0.40 0.40

ST.1 0.12 0.12 0.12 0.12 0.12 0.13 0.13 0.14 0.15 0.17 0.20 0.22

Risk management 0.23 0.23 0.24 0.23 0.24 0.23 0.23 0.23 0.23 0.23 0.24 0.24

RM.1 0.09 0.08 0.09 0.09 0.09 0.09 0.09 0.10 0.11 0.12 0.15 0.16

Metrics & targets 0.31 0.31 0.31 0.31 0.31 0.32 0.31 0.32 0.32 0.32 0.33 0.34

MT.1 0.12 0.12 0.12 0.12 0.12 0.13 0.13 0.13 0.14 0.16 0.18 0.20

Remark: The table presents the mean of label probabilities (on a scale from 0 to 1) for the general
and climate-related labels at category level based on the full sample of 3,355 reports.

sample period. The same result holds true for the other main categories. This result

is reasonable considering that our text sequences are extracted from various reports,

including corporate governance reports and annual reports that cover a wide range of

governance-related topics, not solely focused on climate-related governance. Thus, the

zero-shot text classi�cation model appears to e�ectively distinguish between climate-

related and non-climate-related textual data.

Second, we observe that the mean probabilities associated with the general labels

(without explicit mention of climate) remain stable over the sample period from 2010

to 2021, while there is an increase in all probabilities for the climate-related labels

after 2017. Among the general labels, �Strategy� exhibits the highest mean probability

compared to the others, maintaining a consistent probability of around 40% over time.

In contrast, the probability of �climate-related Strategy� shows a dynamic increase,

growing from 12% in 2010 to 22% in 2021. This indicates that the probability of text

sequences in our sample relating to �climate-related Strategy� was only 12% in reports

from 2010 but reaches 22% for reports published in 2021. In addition, we �nd that the

label �Metrics and Targets� has the second highest mean probability over the sample
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Figure VI.3: Climate-related disclosures by broad TCFD categories.

Remark: This �gure illustrates the results of the zero-shot text classi�cation applied with the general
and broad TCFD labels on the full sample of 3,355 reports.

period compared to the other labels with a mean probability between 31% and 34%.

When examining the mean probability of �climate-related Metrics and Targets�, we �nd

an increase from 12% in 2010 to 20% in 2021, surpassing the probabilities of �climate-

related Governance� and �climate-related Risk Management� in 2021.

To further examine climate-related disclosures at the category level, we examine

the trends in reporting before and after the publication of the TCFD recommendations

in 2017. Fig VI.3 provides a visual representation of these trends for all four TCFD

categories over the sample period. Speci�cally, the blue lines represent the label prob-

abilities of the general labels, while the orange lines illustrate the probabilities of the

climate-related category labels, denoted as GO.1, ST.1, RM.1 and MT.1 in Table VI.5.

We observe an overall increase in all climate-related label probabilities, with a more

pronounced change occurring around 2017.
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VI.5.2 Climate-related disclosures by �ne-grained TCFD labels

To more accurately assess the quality of climate-related disclosures, it is important to

go beyond the quantity of reporting for each broad TCFD category and instead focus

on examining corporate reporting on the speci�c recommended disclosures within each

category. Therefore, as a next step, we consider the �ne-grained labels that address

speci�c topics related to the TCFD recommendations, rather than the climate-related

category labels (GO.1, ST.1, RM.1, and MT.1). As highlighted earlier, the TCFD

provides additional guidance for the �nancial sector, including banks, insurances, asset

managers and asset owners (TCFD, 2017b). The additional guidance for banks par-

ticularly emphasizes disclosures related to strategy, risk management, and metrics and

targets. We consider a higher label probability to serve as a proxy for disclosure quality.

When a text sequence explicitly and accurately addresses a topic expressed in a label,

it is associated with a higher label probability. A higher label probability also suggests

a more comprehensive disclosure on a particular topic, as labeling is more likely to have

a higher probability if a text sequence provides detailed information about the topic.

Fig VI.4 displays the results of the zero-shot text classi�cation for the �ne-grained

labels applied to the entire sample of reports. As can be seen, there is considerable

variation in the extent of disclosure within each TCFD category. The strategy category

is the most comprehensive, encompassing several speci�c recommended disclosures for

banks, which explains the presence of a greater number of labels compared to the other

pillars. The reporting quality appears to be lower for disclosures related to �nancing

and investment in carbon-intensive industries such as the fossil fuel industry (ST.1.5),

as indicated by a probability of only 7%. This suggests that among all the text se-

quences extracted from our full sample of reports and classi�ed by the zero-shot model,

there is only a 7% probability of some of them matching the semantics of the ST.1.5

label. Similarly, TCFD-supporting banks seem to provide relatively limited disclosure

on climate-related physical risks (ST.1.2) and the use of climate-related scenario models

(ST.1.6), with both labels attaining probabilities of only 17% and 14%, respectively.

There could be several interpretations for these results. First, it is possible that

the reports in our sample only address to a limited extent issues linked to the use of
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Figure VI.4: Climate-related disclosures by �ne-grained TCFD labels.

Remark: This �gure illustrates the results of the zero-shot text classi�cation applied with the �ne-
grained TCFD labels on the full sample of 3,355 reports.

scenario analyses or climate-related physical risks. This may be because some of the

TCFD-supporting banks are still in the early stages of developing the necessary tools

and expertise to conduct such analyses or identify such risks. This �nding aligns with

the study conducted by Bingler et al. (2022), which highlights that only 10 out of 16

existing climate scenario tools allow for the assessment of climate-related physical risks.

Similarly, Friederich et al. (2021) �nd that disclosures on transition risks have seen more

signi�cant growth compared to disclosures on physical risks.

The low label probability for disclosures related to the fossil fuel industry (ST.1.5),

indicates that banks tend to provide limited information on this topic. Nevertheless,

recent research highlights that �nancing for fossil fuel �rms by international banks has

not decreased since the Paris Agreement, and these banks continue to provide funding

regardless of the associated stranded asset risk (Beyene et al., 2021). In fact, Beyene

et al. (2021) speci�cally identi�ed several TCFD-member banks, including JP Morgan
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(TCFD-member since December 2017), BNP Paribas SA (TCFD-member since June

2017) and Wells Fargo & Co (TCFD-member since November 2019), as among the

top lenders to fossil fuel �rms between 2007 and 2018. This suggests that TCFD-

supporting banks may engage in selective disclosure, as suggested by Bingler et al.

(2022), potentially omitting certain information due to both reputational concerns and

the absence of speci�c guidelines for measuring such exposures (Beyene et al., 2022).

On the other hand, it is worth noting that banks appear to disclose more information

regarding their credit exposure to carbon-related sectors. This is not surprising since

this category encompasses a broader de�nition that includes sectors like transportation

and utilities.

In the risk management area, we observe that banks tend to address processes for

identifying, assessing, and managing climate-related risks and integrating them into

overall risk management (RM.1.1) less frequently, on average, compared to the rela-

tionship between climate-related risks and �nancial risks (RM.1.2). The median value

for RM.1.1 is also lower (23%) than in the case of RM.1.2 (33%). However, the proba-

bilities provided by the zero-shot text classi�cation could be slightly in�ated compared

to the actual reporting since the zero-shot performed less well for RM.1.2 (F1-score:

0.39). As shown previously, several sentence groups achieved a high probability of �t-

ting into RM.1.1 and RM.1.2. Notably, several recommended disclosures within other

pillars, such as the role of management in assessing and managing climate-related issues

(GO.1.2), are also related to risk management topics.

In the metrics and targets category, we �nd that the incorporation of climate-related

performance metrics into remuneration policies (MT.1.2) is associated with a lower label

probability compared to metrics related to carbon footprints (MT.1.1) and emissions re-

duction targets (MT.1.3). The mean label probability for MT.1.2 is only 7%, while it is

24% for MT.1.1 and 15% for MT.1.3. This result aligns with our expectations, as �nan-

cial institutions are less likely to align their compensation policies with climate-related

performance metrics compared to making symbolic commitments to carbon neutrality

goals, even if they may fail to meet these commitments (see e.g., Gibson Brandon et al.,

2022; Bolton and Kacperczyk, 2021).
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In the governance area, the TCFD-supporting banks appear to report at compa-

rable levels on the board's responsibility for overseeing climate-related issues (GO.1.1)

and the management's role in assessing and managing climate-related issues (GO.1.2).

Both labels exhibit a relatively low average probability of 9%, with median values of

approximately 7% for GO.1.1 and 8% for GO.1.2. However, the maximum values for

GO.1.1 are higher, indicating more comprehensive disclosures on the role of the board

in overseeing climate-related issues.

In order to better assess the evolution of reporting on the underlying recommended

disclosures, we report in Table VI.8 the mean label probabilities of the �ne-grained

labels in each �nancial year. We observe that an increase in mean label probabilities

can be observed for most labels between 2017 and 2018, and in particular between 2018

and 2019.

VI.5.3 Climate-related disclosures after individual TCFD sup-

port

In the following step, we examine whether the observed increase in climate-related

disclosures following the introduction of the TCFD recommendations is statistically

signi�cant for both the overall �ne-grained labels and after individual banks declared

their support. As the process of joining the o�cial TCFD supporters was gradual, with

banks joining at di�erent times, we can investigate whether climate-related disclosures

truly increased after banks individually began supporting the TCFD recommendations.

Our approach builds upon the study of Bingler et al. (2022), but extends the analysis by

focusing on the speci�c recommended disclosure topics rather than the broad category

level.

Table VI.9 presents the results of a pairedt-test (in percentage points), in which we

compare the mean di�erences of label probabilities before and after the o�cial TCFD

introduction in 2017 (column 1), as well as before and after the year of individual TCFD

support (columns 2 to 6). As a robustness check, we also performed permutation p-value

tests using a Monte Carlo simulation and bootstrap con�dence intervals, which yielded
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Table VI.8: Mean of label probabilities for �ne grained labels per �nancial year.

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

GO.1.1 0,07 0,07 0,08 0,07 0,07 0,08 0,08 0,08 0,09 0,11 0,13 0,14

GO.1.2 0,08 0,07 0,08 0,07 0,08 0,08 0,08 0,08 0,09 0,10 0,11 0,12

ST.1.1 0,24 0,24 0,24 0,23 0,24 0,24 0,24 0,24 0,25 0,26 0,28 0,28

ST.1.2 0,16 0,16 0,16 0,16 0,16 0,16 0,16 0,16 0,17 0,18 0,19 0,19

ST.1.3 0,34 0,34 0,34 0,33 0,33 0,34 0,33 0,33 0,34 0,36 0,40 0,40

ST.1.4 0,25 0,25 0,26 0,25 0,26 0,26 0,27 0,26 0,27 0,28 0,31 0,32

ST.1.5 0,07 0,07 0,07 0,07 0,07 0,07 0,07 0,07 0,07 0,07 0,08 0,08

ST.1.6 0,13 0,13 0,13 0,12 0,13 0,13 0,13 0,13 0,14 0,15 0,16 0,16

ST.1.7 0,18 0,17 0,18 0,17 0,17 0,18 0,18 0,18 0,19 0,20 0,22 0,22

RM.1.1 0,22 0,22 0,23 0,22 0,23 0,23 0,23 0,23 0,24 0,25 0,27 0,28

RM.1.2 0,34 0,34 0,34 0,33 0,33 0,33 0,33 0,32 0,33 0,34 0,35 0,35

MT.1.1 0,21 0,21 0,21 0,21 0,21 0,22 0,22 0,22 0,23 0,25 0,28 0,29

MT.1.2 0,06 0,06 0,06 0,06 0,06 0,06 0,06 0,07 0,07 0,07 0,07 0,07

MT.1.3 0,12 0,12 0,13 0,12 0,13 0,13 0,14 0,14 0,15 0,16 0,18 0,19

Remark: The table presents the descriptive statistics of label probabilities (on a scale from 0 to 1) for
the �ne-grained TCFD labels based on the full sample of 3,355 reports.

qualitatively similar results. As an illustration, if banks became TCFD supporters in

2018, we compare the mean of each label probability for all of these banks (26 in total)

by taking the mean per bank from 2010 to 2017 and comparing it to the mean from 2018

to 2021 after the banks became supporters. For the full sample, in column 1, we compare

the mean di�erence up to the publication of the o�cial TCFD recommendations (mean

of years 2010 to 2016) and after they were published (mean of years 2017 to 2021).

In column 1, we observe a small but statistically signi�cant increase in climate-

related reporting probabilities for the full sample following the o�cial introduction of

the TCFD in 2017. The mean di�erences are statistically signi�cant at the 1% level,

except for RM 1.2, which is signi�cant at the 10% level. On average, we �nd a total

increase of 2.72 percentage points across all labels, which aligns with the �ndings of
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Table VI.9: Mean di�erences in percentage points of climate-related disclosures.

TCFD support since

Full sample 2017 2018 2019 2020 2021

n = 188 n = 38 n = 26 n = 25 n = 30 n = 53

(1) (2) (3) (4) (5) (6)

GO.1 3.59��� 5.69��� 4.72��� 4.25��� 4.51��� 3.24���

GO.1.1 3.29��� 5.02��� 4.43��� 3.74��� 4.34��� 3.12���

GO.1.2 2.21��� 3.34��� 2.88��� 2.61��� 2.98��� 2.25���

ST.1 4.80��� 7.70��� 6.51��� 5.61��� 6.16��� 4.23���

ST.1.1 2.41��� 4.15��� 3.41��� 2.59��� 3.22��� 2.54���

ST.1.2 1.47��� 2.57��� 1.89��� 1.80��� 2.10��� 1.75���

ST.1.3 2.74��� 4.84��� 5.36��� 4.05��� 4.52��� 3.28���

ST.1.4 2.45��� 4.60��� 3.98��� 2.53��� 3.25��� 3.10���

ST.1.5 0.50��� 1.19��� 0.96��� 0.28 0.65��� 0.71��

ST.1.6 1.59��� 3.24��� 2.19��� 1.77��� 1.75��� 1.93���

ST.1.7 2.44��� 4.13��� 3.54��� 3.02��� 3.24��� 2.45���

RM.1 3.39��� 5.76��� 5.02��� 3.42��� 4.25��� 3.09���

RM.1.1 2.82��� 4.72��� 3.84��� 3.11��� 3.56��� 2.74���

RM.1.2 0.33� 1.12�� 2.20��� 0.20 1.40�� 1.29��

MT.1 3.90��� 6.22��� 5.03��� 4.57��� 4.78��� 3.62���

MT.1.1 4.06��� 6.43��� 5.44��� 5.28��� 5.46��� 3.75���

MT.1.2 0.63��� 1.06��� 0.37� 1.03��� 0.55�� 0.86��

MT.1.3 3.74��� 5.34��� 4.19��� 4.94��� 4.56��� 3.38���

Remark: This table presents the mean di�erences (in percentage points) of climate-related disclosures
and the signi�cance of the corresponding pairedt-test based on the full sample of 3,355 reports.
* p < 0:1; ** p < 0:05; *** p < 0:01.
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Bingler et al. (2022), who report an increase of approximately 2.2 percentage points.

In columns 2 and 3, we report that the groups of banks that became supporters in 2017

and 2018 exhibit higher disclosure levels after their individual support, as illustrated

by the relatively larger and statistically signi�cant mean di�erences. For the group

of banks who became o�cial supporters in 2019, as shown in column 4, we do not

�nd any signi�cant change in mean label probabilities for two labels. This result is

consistent with Bingler et al. (2022) who report the largest nominal e�ects for companies

that supported the TCFD recommendations directly in 2017 and 2018 as compared to

companies that supported the TCFD in 2019 and 2020.

In terms of magnitude, the greatest di�erences in reporting probabilities for banks

that joined the TCFD in 2017 are found in the �ne-grained labels MT.1.1 (carbon

footprint, 6.43%), MT.1.3 (emissions reduction and carbon neutrality targets, 5.34%),

and GO.1.1 (board oversight of climate-related issues, 5.02%). For the banks that

joined in 2018, we �nd the largest mean di�erences for the labels MT.1.1 (carbon

footprint, 5.44%), ST.1.3 (�nancial impact of climate-related issues, 5.36%) and GO.1.1

(board oversight of climate-related issues 4.43%). Similarly, for banks that joined in

2019, 2020, and 2021, the largest di�erences are found in the labels MT.1.1 (carbon

footprint), MT.1.3 (emissions reduction and carbon neutrality targets), and ST.1.3

(�nancial impact of climate-related issues).

Altogether, the largest di�erences tend to be oftentimes observed in the Metrics

and Targets category and pertain to carbon footprints as well as emissions reduction

targets. Thus, TCFD-supporting banks appear to increase their level of disclosures

related to these topics in the course of their o�cial TCFD endorsement. One possible

reason for this observation could be that the importance that stakeholders, including

investors, place on carbon risk (Bolton and Kacperczyk, 2021). This is also consistent

with Ding et al. (2023), who show that there is a positive relationship between carbon

emissions and climate-related disclosures.
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VI.5.4 Climate-related disclosures by bank size

Finally, we examine the relationship between bank size and climate-related reporting,

taking into consideration that larger �rms generally have more resources and stronger

corporate social responsibility pro�les (Gillan et al., 2021). We anticipate that larger

banks are more likely to produce climate-related reports that align with the TCFD

recommendations, resulting in higher label probabilities compared to medium and small

banks.

To examine TCFD reporting based on bank size, we employ a Tukey test, assessing

the di�erences between the means of the di�erent bank sizes. Table VI.10 summarizes

the results of the Tukey test for the di�erences between the means and their adjusted p-

values corrected for family-wise error rate. Consistent with our expectations, we report

that mean scores for all TCFD recommendations signi�cantly increase from medium

to large banks and from small to large banks, suggesting that larger banks generally

are more likely to produce reports that align with the TCFD recommendations. In

contrast, the e�ects are nominally smaller between small and medium banks compared

to the other groups.

In terms of magnitude of the results, we also observe di�erences across the labels.

Notably, we �nd that the largest di�erences between large and small banks relate pri-

marily to reporting on the �nancial impact of climate-related issues (ST.1.3), carbon

footprint (MT.1.1) and emissions reduction targets (MT.1.3). These �ndings support

our initial expectations, as larger banks possess greater capacities to measure and re-

port their carbon footprints. Furthermore, they are more likely to consider the material

�nancial impacts of climate change, given their larger portfolios and potential exposure

to transition or physical climate risks.

VI.6 Discussion and Conclusion

This paper examines the climate-related disclosures of TCFD-supporting banks using

the zero-shot text classi�cation as a novel computerized approach for textual analysis of

climate-related disclosures. By combining the TCFD recommendations with additional
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Table VI.10: Tukey di�erence-in-mean test of climate-related disclosures.

Large - Medium Large - Small Medium - Small

GO.1 2.06��� 3.46��� 1.40���

GO.1.1 1.24��� 2.23��� 0.99���

GO.1.2 0.93��� 1.58��� 0.65���

ST.1 2.55��� 4.68��� 2.13���

ST.1.1 1.64��� 2.35��� 0.71��

ST.1.2 0.95��� 0.96��� 0.01

ST.1.3 3.06��� 4.15��� 1.09��

ST.1.4 2.67��� 2.83��� 0.16

ST.1.5 0.73��� 0.71��� 0.01

ST.1.6 1.76��� 1.69��� 0.07

ST.1.7 1.48��� 2.30��� 0.83���

RM.1 2.03��� 2.91��� 0.88���

RM.1.1 1.87��� 2.40��� 0.54

RM.1.2 1.40��� 1.93��� 0.54�

MT.1 2.38��� 3.83��� 1.46���

MT.1.1 2.39��� 3.86��� 1.48���

MT.1.2 0.46��� 0.67��� 0.21

MT.1.3 1.72��� 3.46��� 1.74���

Remark: This table presents the mean di�erences (in percentage points) of climate-related disclosures
and the signi�cance of the corresponding Tukey di�erence-in-mean test based on the full sample of
3,355 reports. * p < 0:1; ** p < 0:05; *** p < 0:01.
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guidance speci�c to the �nancial sector, we create �ne-grained labels that enable a

more detailed examination of climate-related reporting. Our �ndings reveal signi�cant

variation in climate-related disclosures, not only across the broad TCFD categories but

also within each category. Speci�cally, we observe that banks have a lower probability

of reporting on topics such as climate-related physical risks, �nancing and investments

in fossil fuel activities, the use of climate-related scenario models, and the integration of

climate-related performance metrics into remuneration policies. These results indicate

that the TCFD-supporting banks in our sample have not yet implemented all the rec-

ommendations to the same extent. Our research contributes to the expanding body of

literature on voluntary climate-related corporate reporting (e.g., Friederich et al., 2021;

Bingler et al., 2022; Ding et al., 2023).

Our study also entails some limitations, which warrant careful consideration and

indicate potential areas for future research. First, although we observe an overall in-

crease in climate-related reporting following the release of the TCFD recommendations,

it is important to note that this does not necessarily imply that banks are taking more

substantial internal actions to address the identi�ed issues. Simply disclosing more

information does not guarantee a corresponding increase in e�orts to address climate-

related challenges. This highlights the need for further research regarding the factors

in�uencing reporting decisions. Additionally, there is a possibility that some banks

intentionally do not disclose certain information and engage in selective disclosure (i.e.,

greenwashing) to improve their public image. This emphasizes the need to consider

potential motivations and biases behind the disclosed information in the context of

voluntary disclosures. Addressing these limitations and exploring these areas in fu-

ture research can contribute to a deeper understanding of the relationship between

climate-related reporting, internal actions, and the e�ectiveness of voluntary disclosure

frameworks such as the TCFD. Furthermore, our research also reveals weaknesses in

the TCFD recommendations, such as a lack of precise concepts and overlaps in recom-

mended disclosures. Future research could therefore further investigate the determi-

nants of high-quality climate-related disclosure frameworks and assess their impact in

delivering material and decision-useful information.
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Despite the limitations mentioned, our study has important practical implications.

It underscores the necessity for precise and speci�c recommendations within climate-

related disclosure frameworks. Without such consistent methodologies and explicit def-

initions for recommended disclosure topics, there is a potential for signi�cant variation

in the scope and depth of reporting. In the banking sector, while the TCFD recom-

mendations are a positive step forward, the lack of concrete guidance hinders accurate

assessment of banks' exposure to the fossil fuel sector and potential stranded assets.

Addressing these issues can enhance the e�ectiveness and reliability of climate-related

reporting frameworks, facilitating informed decision-making by stakeholders.
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Abstract

This study explores the integration of climate risks into the risk manage-

ment practices and capital requirements of large credit institutions, with a

focus on 15 ECB-supervised entities. Recognizing that climate risks chal-

lenge traditional risk management, the study examines two key questions:

(i) how are institutions integrating climate risks into their risk management

frameworks, and what challenges are they encountering?; (ii) to what ex-

tent are climate risks being incorporated into capital considerations, and

through which mechanisms are they in�uencing the determination of capi-

tal requirements? Via semi-structured interviews with 30 risk experts and

a review of institutions' disclosure reports, the study sheds light on emerg-

ing approaches and discusses challenges. The focus areas include minimum

capital requirements for credit risk, internal capital adequacy assessments

(covering risk identi�cation, quanti�cation, stress testing and capital allo-

cation), risk appetite frameworks, and supervisory review processes. Our

�ndings provide insights into the evolving risk landscape, with a particular

focus on the interplay between Pillar 1 and Pillar 2 of the Basel framework.

JEL Classi�cation: E58, G28, Q54, Q58

Keywords: Climate change, climate risks, risk management, banking supervision
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VII.1 Introduction

If left unaddressed, today's risks can easily turn into tomorrow's losses. It is therefore

vital for credit institutions 1 to have in place a robust and comprehensive risk man-

agement framework, including models and processes that ensure a clear understanding

of risks and e�ective mitigation strategies. Nevertheless, even the most �awless risk

management cannot fully eliminate the possibility of losses. Thus, a key imperative for

these institutions is also to hold su�cient capital to be able to absorb losses exceeding

expected levels (Holscher et al., 2022). This can be achieved by ensuring that capital

requirements are met and that capital adequacy is maintained on an ongoing basis.2

In addition, maintaining su�cient capital is essential for institutions to support their

business models and pursue their strategic objectives (Gruenewald et al., 2023).3

The risks posed by climate change, including transition and physical risks, have

in recent years contributed to reshaping the risk landscape known to credit institu-

tions. Physical risks, such as acute and chronic weather events, and transition risks,

including the economic impacts associated with the process of adjustment towards a

lower-carbon economy, are receiving increasing attention from civil society, regulators

and investors alike (Demekas and Grippa, 2022).4 There are also concerns that such

risks may change the distribution of losses that banks face (Holscher et al., 2022). In

an evolving risk landscape, institutions need to adapt their risk management practices

and continuously assess the robustness of their overall risk strategies (Buch, 2024).

Climate risks, therefore, compel credit institutions to rethink their risk monitoring pro-

cesses and to reassess their approach to capital adequacy from a new angle. However,

as new (or �novel�) risks, for which historical data provides limited insight into future

1In ECB (2020b), supervised credit institutions are commonly referred to as �institutions�. Through-
out this study, we use the terms �credit institutions�, �banks� and �institutions� interchangeably.

2Capital adequacy refers to the degree to which risks are covered by capital (ECB, 2018).
3The weaker an institution's capital base, the more di�cult and costly it may be to pursue its

strategy. For example, lower capital levels may lead investors and counterparties to demand higher
risk premiums, thus reducing pro�tability (Gruenewald et al., 2023).

4Acute physical risks stem from extreme events such as droughts, �oods and storms, while chronic
physical risks result from gradual changes, such as rising temperatures and sea levels. Transition risks
stem from shifts in climate-related policies, technological advancements or changes in market sentiment
and preferences (ECB, 2020b).
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developments, climate risks are, by de�nition, inherently uncertain (Buch, 2024; ECB,

2024c). Accounting for such risks therefore also poses signi�cant conceptual, analytical

and data challenges (Demekas and Grippa, 2024).

This study seeks to contribute to the discussion on climate risk integration by ad-

dressing two key broad questions. First, how are credit institutions integrating climate

risks into their risk management frameworks, and what challenges are they encoun-

tering? (�Question 1�). Second, to what extent are climate risks being incorporated

into capital considerations, and through which mechanisms are they in�uencing the

determination of capital requirements? (�Question 2�).5

To address these questions, we examine institutions with total assets of more than

EUR 30 billion, focusing particularly on 15 credit institutions directly supervised by

the European Central Bank (ECB) and subject to the Capital Requirements Regula-

tion (CRR) and the Capital Requirements Directive (CRD). In recent years, the ECB

has been at the forefront of de�ning strategies to address climate risks in the banking

sector (Gruenewald et al., 2023). In November 2020, it published 13 broad super-

visory expectations regarding the management of climate-related and environmental

risks (ECB, 2020b). These expectations are to be fully implemented by the end of

2024, making ECB-supervised institutions an ideal context for examining how banks

are incorporating climate risks into their overall risk management practices. In 2022,

the ECB conducted both a climate stress test and a thematic review of climate-related

risk management practices. The ECB found that most institutions had implemented

at least �basic practices� across most areas of the expectations, but also voiced �signif-

icant supervisory concern� about the institutions' ability to achieve a higher level of

implementation (p.2 & p.5, ECB 2022e).

Among these institutions, we conduct a series of semi-structured interviews with 30

respondents. Our interviewees have expertise in risk management, risk controlling, risk

modeling, stress testing and related �elds. Although the ECB has set out clear super-

visory expectations, it does not prescribe speci�c approaches for their implementation.

5�Capital requirements� refers, in this context, to the determination of capital needs in a broader
sense, i.e., amount needed to cover risks, rather than compliance with minimum capital requirements
in a regulatory sense.
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Our interviews therefore allow us to gain in-depth insights into to the various � and

often heterogeneous � approaches for integrating climate risks, re�ecting both current

practices and ideas for future developments. In addition, in light of the concerns voiced

by the ECB, it appears crucial to shed more light on the speci�c challenges at hand.

This study therefore presents a structured discussion not only of the climate risk inte-

gration approaches and their underlying rationale, but also of the barriers identi�ed by

respondents. Finally, given that these respondents play a crucial role in implementing

the ECB's supervisory expectations, understanding their perspectives is particularly

valuable. By better identifying and describing these challenges, we aim to contribute

to a smoother, more e�ective integration of climate risks into banking practices.

We complement the semi-structured interviews by a review of the institutions' dis-

closure reports (�Pillar 3� reports). An important development is that these reports are

now required to include information on environmental, social and governance (ESG)

risks,6 with a particular focus on physical risks and transition risks (see Art. 449a of

the CRR).7 Speci�cally, qualitative disclosures are required to include information on

risk management related to environmental risks, while quantitative disclosures cover

exposures to transition risks, physical risks and mitigating actions. Even though these

reports, particularly the qualitative sections, vary in their level of detail and do not

directly highlight speci�c challenges, they provide a valuable overview of the climate-

related risk management practices in place. The reports typically cover topics such as

risk identi�cation, materiality assessments, scenario analysis, stress testing, risk metrics,

and integration into risk appetite. We therefore use the information from these reports

to both inform our semi-structured interviews and complement interview �ndings.

Examining the integration of climate risks into risk management and capital con-

siderations requires an understanding of the regulatory and supervisory frameworks

governing �nancial institutions. These frameworks are shaped by a range of laws and

6Climate risks are typically treated as a subset of ESG risks, which falls under the environmental
pillar.

7For the technical standards, see Implementing Regulation (EU) 2022/2453 of 30 November 2022
amending the implementing technical standards laid down in Implementing Regulation (EU) 2021/637
as regards the disclosure of environmental, social and governance risks.
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regulations, largely derived from the Basel Accords (�Basel framework�) (EBA, 2022b).8

In the European Union (EU), the Basel framework is implemented through the CRR

and the CRD, and is further supported by technical standards and guidelines issued by

EU bodies, such as the European Banking Authority (EBA) and national supervisors,

such as the BaFin and Bundesbank in Germany.9 It is widely accepted that climate

risks are not a stand-alone risk category but act as drivers of �conventional� (i.e., pru-

dential) risk types, such as credit, market and operational risks (BIS, 2022b). As a

result, it is useful to contextualize the integration of climate risks within the broader

framework designed to manage these prudential risks.

To guide and structure our discussion, we therefore propose a conceptual framework

aligned with core elements of the �Pillar 1� and �Pillar 2� of the Basel framework.

Pillar 1, on the one hand, speci�es standard rules for calculating minimum capital

requirements relative to risk-weighted assets (RWA). In essence, riskier assets receive a

higher risk weight, so that capital increases with risk (Holscher et al., 2022). These rules

mainly apply to credit risk, market risk and operational risk. Examining the integration

of climate risks within Pillar 1 is especially relevant for addressingQuestion 2on capital

considerations. Nonetheless, since Pillar 1 de�nes minimum capital requirements, its

outcomes also feed into broader capital considerations and risk management strategies

under Pillar 2. Given the importance of climate risks primarily for credit risk, we focus

on the standardized and internal ratings-based approaches � two credit risk-related

methods for determining risk weights under Pillar 1 and capital requirements for credit

risk (EBA, 2023).

Pillar 2, on the other hand, consists mainly of the Internal Capital Adequacy Assess-

ment Process (ICAAP) and the Supervisory Review and Evaluation Process (SREP).10

The ICAAP is the process by which institutions assess the adequacy of their capital

8The Basel Committee on Banking Supervision sets standards for prudential regulation and serves
as a forum for cooperation on banking supervision. It is composed of central banks and supervisory
authorities. These standards are regularly updated, with the most recent series of reforms known as
Basel III.

9For example, in Germany, even the MaRisk, referring to the minimum requirements for risk man-
agement, implement qualitative requirements derived from the Basel framework into German law.

10The Internal Liquidity Adequacy Assessment Process (ILAAP) is also part of Pillar 2, but is not
covered in this study.
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using their own internal methods and risk management processes (ECB, 2018). It con-

siders not only the risk types covered under Pillar 1, but also all other material risks

to which the institutions are exposed. In this context, the capital considerations under

the ICAAP go beyond the minimum capital requirements set under Pillar 1. The ECB

expects institutions to achieve full integration of climate risks into the ICAAP by the

end of 2024 (ECB, 2022e). Examining such integration in the context of this study is

therefore relevant for addressing bothQuestion 1 on risk management andQuestion

2 on capital considerations. As the ICAAP is a multi-step process, we break down

each of the key steps (e.g., risk identi�cation and inventory, risk quanti�cation, stress

testing and capital allocation) and discuss the approaches and challenges involved in

incorporating climate risks at each stage.

The ICAAP is reviewed by supervisors as part of the SREP, which is an annual

process where supervisors evaluate, on a case-by-case basis, the risks institutions face

and their ability to manage these risks in terms of risk management, capital, and

liquidity (ECB, 2023g). One key outcome of the SREP is the Pillar 2 Requirement

(P2R), a binding capital requirement set by supervisors (ECB, 2023f). This requirement

can be applied, for example, if the ECB determines that an institution underestimates

or inadequately manages certain material risks. As a result, the SREP process can

shape institutions' risk management practices regarding climate risks and a�ect their

capital requirements. Therefore, examining the role of climate risks within the SREP

framework is also relevant for bothQuestion 1 and Question 2.

To structure our analysis, we categorize our results based on their main relevance

to either Pillar 1 and/or Pillar 2. For example, the ICAAP is generally regarded as

a process associated with Pillar 2 and, therefore, all results related to the ICAAP are

classi�ed under this pillar.11 Within this conceptual framework of Pillars 1 and 2, our

interview-based analysis delivers the following key takeaways and observations, which

will be elaborated in more detail in the following sections:

ˆ Capital for credit risk � Internal ratings-based approach (Pillar 1) : A key

11We note, however, that certain aspects of Pillar 1 are also relevant to the ICAAP and, by extension,
to Pillar 2. For example, models developed for Pillar 1 may also �nd application in the context of
Pillar 2.
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development is that the ECB expects that where climate-related risks drivers are

�found to be material, institutions should include such risk drivers in their internal

models� approved for use for the calculation of capital requirements for credit risk

(ECB, 2024a). The integration of climate risks into internal ratings-based models is

still in its early stages, with a key challenge being the de�nition and assessment of

materiality. While materiality assessments performed under the ICAAP are generally

forward-looking, the quantitative integration of risk drivers into rating systems un-

der Pillar 1 relies on statistical assessments and calibration requiring historical data.

Short-term climate risks with �nancial impacts are considered by most respondents

to be implicitly captured in the ratings, whereas medium- and long-term risks rely

more heavily on ad hoc rating overrides and/or additional Margin of Conservatism

(MoC). One institution quantitatively integrates climate risks into its ratings and

Probability of Default (PD) estimates. Most institutions rely mainly on qualitative

considerations, client engagement and apply rating overrides where necessary. The

overrides are based on expert judgement derived from internal and highly heteroge-

neous climate-related scorecards, introduced by the institutions for risk management

purposes. While overrides o�er some �exibility and are based on a granular assess-

ment of climate risks in the short term, they bear risks from a model validation

perspective. They may also hinder a more systematic and consistent integration of

climate risks into PD estimates.12

ˆ Capital for credit risk � Standardized approach (Pillar 1) : At present, the

main method to integrate climate risks into this approach is through external credit

ratings. Institutions primarily rely on the three major rating agencies � Moody's,

Standard & Poor's and Fitch. The broad coverage provided by these agencies is

a key reason for their selection. Consequently, the extent to which climate risks

in�uence risk weights and capital requirements largely depends on how these agencies

incorporate climate factors into their assessments, rather than on an active decision

by the institutions themselves. With the �output �oor� coming into e�ect in January
12This study primarily focuses on PD considerations under Pillar 1. However, it is important to ac-

knowledge that other credit risk parameters, including loss given default and the treatment of collateral
values, also play a role in determining minimum capital requirements for credit risk.
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2025, the standardized approach is expected to gain importance in the coming years

and see even wider adoption. This shift is likely to let the role of external rating

agencies and their methodologies become even more relevant in shaping minimum

capital requirements in relation to climate risks.

ˆ ICAAP � Risk identi�cation, materiality assessment and risk inventory

(Pillar 2) : Institutions are increasingly incorporating climate risks into their in-

ternal risk identi�cation process and annual risk inventory as part of the ICAAP.

This involves identifying relevant climate-related risk drivers and determining their

materiality. A key challenge in this process is the materiality assessment, which

is multifaceted and requires detailed, granular data from both internal and exter-

nal sources to evaluate how di�erent climate-related risk drivers will a�ect various

portfolios and risk types over short-, medium- and long-term horizons. Most institu-

tions rely on qualitative approaches, such as expert judgement, while some further

substantiate their materiality assessments with insights from quantitative methods,

such as risk-type-speci�c scenario analyses and exploratory stress tests. Approaches

to de�ning materiality as well as the types of materiality thresholds applied vary

widely, highlighting the complexity of integrating climate risks based on materiality

considerations.

ˆ ICAAP � Risk quanti�cation methodologies and data collection (Pillar 2) :

Institutions are increasingly using forward-looking simulation techniques to project

changes in credit ratings based on climate scenarios. Some institutions are working

to improve credit portfolio models by integrating climate risks, including through

correlation factors. In addition, institutions are developing climate-related score-

cards to quantify transition and physical risks at the individual client level. The

scores resulting from these scorecards are also used in the context of rating over-

rides (see internal ratings-based approach under Pillar 1). The design of climate-

related scorecards (e.g., criteria, weights) varies across institutions. Transition risks

are assessed using criteria such as greenhouse gas emissions, technology risks and

transition plans, while physical risks rely on criteria related to the regional or inter-
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national nature of companies, geolocation and hazard-related data. Important data

gaps remain, including on geolocation of corporate assets, production facilities and

insurance coverage.

ˆ ICAAP � Risk quanti�cation with climate stress tests (Pillar 2) : Institu-

tions are gradually integrating climate stress tests into their broader stress testing

frameworks. While many have introduced climate stress tests as a separate sce-

nario class, others have also incorporated climate-related elements directly into their

quarterly, institution-wide stress assessments. Most institutions rely on publicly

available external climate scenarios, employing a diverse mix of short- and long-

term scenarios, with considerable variation in scenario selection. Institutions make

various adjustments to the scenarios, not only in terms of scenario expansion, but

also by adding new assumptions, such as CO2 cost pass-through rates. A key chal-

lenge is the selection of an appropriate baseline scenario, with institutions adopting

di�erent approaches. Some institutions incorporate climate risks into the baseline

macroeconomic forecast, while others use a dedicated climate scenario as the base-

line. Modeling dynamic balance sheet assumptions is another major challenge. Fi-

nally, to achieve a comprehensive assessment and granular quanti�cation of climate

risks, institutions tend to combine top-down and bottom-up modeling approaches.

ˆ ICAAP � Internal capital adequacy and climate-related capital bu�ers

(Pillar 2) : Several institutions use a combination of exploratory scenarios, which

focus on speci�c risks such as credit or operational risk, and comprehensive scenar-

ios, which encompass multiple risk types while considering macroeconomic impacts.

Climate-related aspects, including CO2 prices, are increasingly incorporated into

these comprehensive scenarios, supporting both capital adequacy assessments and

capital planning e�orts. Due to modeling uncertainties � particularly the limita-

tions of traditional risk models in capturing medium- to long-term climate risks �

some institutions have started to introduce climate-speci�c capital bu�ers. These

instruments, often precautionary and based on expert judgement, vary in form, in-

cluding general bu�ers, economic capital add-ons and adjustments to management
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bu�ers. One institution combines an economic capital add-on for climate risks under

the ICAAP with a management overlay for expected loss models.

ˆ Risk appetite, risk metrics and limit systems (Pillar 2) : Institutions are

increasingly integrating climate risks into their risk appetite frameworks, including

their credit risk appetite. Some institutions have formalized their climate objectives

within their risk appetite statements, linking these objectives directly to risk metrics

and limits. Institutions are also introducing a wide range of Key Risk Indicators

(KRIs) speci�cally designed to track climate risk exposures and setting speci�c limits

within their risk appetite frameworks. These limits vary in scope and focus, but

typically target sectors and activities most exposed to transition and physical climate

risks.

ˆ Integration of climate risks into loan pricing (Pillars 1 & 2) : Institutions

are increasingly incorporating climate risks into loan pricing by factoring in credit

risk costs, funding costs and capital costs. While climate risk-based pricing is still in

its infancy, some institutions use innovative tools, such as green re�nancing curves

and margin premiums linked to internal ESG scores and loan maturities. Scenario

analysis is also becoming increasingly used for loan pricing purposes, allowing in-

stitutions to develop default probabilities that are conditional on climate scenarios

and determine credit provisions based on such scenarios. One institution includes

climate risks into macroeconomic scenarios used for expected credit loss.

ˆ SREP, P2R and P2G (Pillar 2) : Climate risks are now integral to three critical

SREP components: business model assessment, governance and risk management

assessment and risks to capital assessment. The business model assessment holds

particular importance, as supervisors increasingly evaluate institutions' strategic and

operational plans, as well as their ability to assess climate risks from a business model

perspective and to integrate them into broader business strategies. This qualitative

integration of climate risks into the SREP framework in�uences SREP scores and is

expected to more directly shape P2R levels over time. The Pillar 2 Guidance (P2G)

is expected to play a greater role in the future as well and to further integrate climate
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risks into capital recommendations.

Our study contributes to the growing body of literature on the role of climate risks

in the banking sector, particularly in the context of banking supervision. To date, the

ECB has published good practice reports on climate-related risk management and stress

testing (ECB, 2022c,d). The EBA has also issued several reports on the integration of

climate risks into Pillar 1 (EBA, 2022b, 2023). We add to this literature by providing

a comprehensive analysis that highlights the interplay between Pillar 1 and Pillar 2.

Furthermore, our study contributes to the growing empirical literature on both the

relevance and the implications of climate risks for �nancial institutions. We discuss the

existing empirical literature in more detail in Section VII.2.2.

The remainder of this study is organized as follows. Section VII.2 o�ers an overview

of the latest regulatory and supervisory developments related to climate risks. Addi-

tionally, it reviews the literature and examines the relevance and implications of climate

risks for �nancial institutions and supervisors. In Section VII.3, we describe our data

and sample, and outline the conceptual framework used to structure our analysis. Sec-

tion VII.4 presents our �ndings. Note that within the results section, each sub-section

is designed to be largely self-explanatory. Section VII.5 discusses the limitations of our

study and concludes.

VII.2 Theoretical background

VII.2.1 Regulatory and supervisory developments

The management of climate risks has received considerable attention from legislators

and supervisors, especially in Europe. In particular, there has been growing interest and

work by these actors on the extent to which climate risks are captured and addressed

(or not) within the prudential framework.

The European legislator has issued several mandates related to the integration of

climate risks into the three pillars of the Basel III framework, making these risks a

key supervisory concern (Gruenewald et al., 2023). For example, the EBA has a man-
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date under the CRD to issue guidelines to credit institutions in all EU member states

on minimum standards for the identi�cation, measurement and management of ESG

risks.13 Between 2021 and 2023, the EBA published, by exercising its mandate, various

discussion papers and reports exploring the justi�cation for a prudential, risk-based

approach to ESG risks (EBA, 2021, 2022b, 2023). These reports address the integra-

tion of environmental risks, including transition and physical risks, into Pillar 1 (EBA,

2023) and into risk management practices under Pillar 2 (EBA, 2021). Similarly, the

Basel Committee on Banking Supervision (BCBS) released a report in December 2022,

outlining how climate risks may be more consistently incorporated into the existing

Basel framework and re�ected within existing Pillar 1 standards (BIS, 2022a). In the

same year, the European Commission adopted new rules requiring additional disclo-

sures under Pillar 3, including both qualitative information on ESG risk management

and quantitative information on transition and physical risks.14

In line with these developments, the ECB has increasingly incorporated climate

and environmental considerations into its supervisory practice. The ECB has made

the management of climate and environmental risks one of its supervisory priorities for

2024-2026 (ECB, 2024f). Through its role in the Single Supervisory Mechanism (SSM),

the ECB monitors how signi�cant institutions in the euro area address climate risks

(ECB, 2020b). To support this, the ECB published a guide setting out 13 supervisory

expectations for the integration of climate and environmental risks (the �ECB Guide�).

It also set staggered deadlines for supervised institutions to comply with these expec-

tations by the end of 2024. In terms of content, these expectations focus primarily

on Pillar 2 aspects, including risk management and internal capital adequacy assess-

ment process. Speci�cally, institutions are expected to consider climate risks in their

business strategies, risk appetite frameworks and credit processes, while assigning clear

responsibilities for managing these risks (ECB, 2020b). They are also required to col-

lect and report relevant data internally, incorporate climate risks into capital adequacy

13See Directive 2013/36/EU on access to the activity of credit institutions and the prudential su-
pervision of credit institutions and investment �rms.

14See Implementing Regulation (EU) 2022/2453 of 30 November 2022 amending the implementing
technical standards laid down in Implementing Regulation (EU) 2021/637 as regards the disclosure of
environmental, social and governance risks.
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considerations and conduct stress tests that include these risks. Finally, institutions are

expected to consider the potential impact of climate risks on their liquidity position,

business continuity and reputation (ECB, 2020b).

Another important supervisory development is the growing number of climate stress

tests initiated by central banks, supervisors and regulators. In Europe, the ECB con-

ducted one of the most comprehensive tests in 2022, building on earlier national-level

e�orts. De Nederlandsche Bank, the Dutch central bank, was among the �rst to in-

troduce a mandatory stress test focused on transition risks in 2018, while the Banque

de France launched a voluntary exercise in 2020 (Alogoskou�s et al., 2021). In 2021,

the Bank of England followed with a stress test for major UK institutions, covering

both transition and physical risks, and the EBA initiated an EU-wide pilot climate

exercise that same year. Outside Europe, central banks in Canada (2020), Australia

(2021), Singapore (2022) and the United States (2023) also conducted climate stress

tests (AFME, 2023). Moreover, over the past few years, more than 100 central banks

and �nancial supervisors have joined the Network for Greening the Financial System

(NGFS), a forum aimed at enhancing supervisory practices for managing climate risks

and developing climate scenarios (NGFS, 2024a).15 This trend once again highlights

the growing importance of climate risks for regulatory authorities and supervisors.

However, integrating climate risks into the broader risk management framework is

particularly challenging because climate risks act as risk drivers for existing risks, rather

than being a separate, stand-alone type of risk. For example, both physical and tran-

sition risks can impact institutions by reducing borrowers' ability to repay loans or by

a�ecting the pricing of di�erent asset classes (e.g., equities, bonds and commodities),

thereby a�ecting loan books and trading books (Acharya et al., 2023). As illustrated in

Figure VII.1, climate risks therefore materialize through �conventional� risk types such

as credit, market and operational risks, and can a�ect both their likelihood and severity

in di�erent ways. As a result, incorporating climate considerations into risk manage-

ment requires a nuanced, yet broad and comprehensive approach. This also requires a

deep understanding of how climate risks interact with and amplify conventional risks,

15We discuss some of the NGFS scenarios in Section VII.4.3.

VII-300



CHAPTER VII. AUZEPY ET AL. (F)

as well as evaluating where climate-related factors may be inadequately addressed in

current risk models and processes.

In this context, regulators and supervisors have emphasized that climate risk in-

tegration should focus on identifying and monitoring those risks that have, or may

have, a material impact on institutions' �nancial health � i.e., their �nancial position

(balance sheet and capital resources), �nancial performance (pro�ts and losses) and

liquidity position (BaFin, 2020; BIS, 2022b). In essence, the primary objective is to

raise awareness among institutions about climate risks and their transmission channels,

particularly those that manifest through conventional risk types and ultimately a�ect

balance sheets, pro�tability and liquidity. In terms of conventional risks to focus on, the

EBA has particularly stressed the relevance of credit risk in the context of climate risk

integration for EU institutions (EBA, 2023). This emphasis stems from the fact that

their activities and capital requirements are primarily driven by credit risk, as opposed

to market or operational risks (EBA, 2023). As a result, this study pays particular at-

tention to the relationship between credit and climate risks, especially when discussing

Pillar 1 considerations.
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Figure VII.1: Climate risk transmission channels.

Remark: The �gure illustrates the channels through which climate risks may a�ect prudential risk types and, in turn, the �nancial position, �nancial
performance and liquidity performance of institutions. It is based on BaFin (2020); EBA (2022b); BIS (2022b); Acharya et al. (2022). Note that the
risks included in the taxonomy are not exhaustive.
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VII.2.2 Literature review

What are the motivations for supervisors and credit institutions to integrate climate

risks into their prudential and risk management frameworks? In this section, we discuss

the growing empirical literature on both the relevance and the implications of climate

risks for these actors.16

While the scope of their involvement remains a subject of ongoing debate (see e.g.,

Hellwig, 2022; Demekas and Grippa, 2022, 2024), central banks are key actors in the

discussion on climate-related risk management. Climate risks are becoming increasingly

important to these institutions on two fronts: price stability and �nancial stability. In

the euro area, the ECB has a primary mandate to pursue price stability by ensuring that

in�ation remains low, stable and predictable.17 An emerging strand of literature shows

that climate risks can contribute to in�ationary pressures, making these developments

relevant for the ECB to monitor and incorporate into its in�ation forecasts. Thus, the

ECB's price stability objective is seen as part of the justi�cation for the climate-related

policies it has introduced in the last years (Faccia et al., 2021; van `t Klooster and

de Boer, 2022).18

On the one hand, climate change, in particular its physical manifestations, may dis-

rupt supply chains and production processes and reduce agricultural yields, all of which

have important implications for in�ation dynamics and economic output (Acharya et al.,

2023). For example, Pankratz and Schiller (2022) show that weather shocks (extreme

heat and �oods) negatively a�ect the �nancial performance of suppliers and that the �-

nancial impact of these shocks is transmitted to customers through existing supply chain

links. Faccia et al. (2021) provide evidence for the impact of extreme temperatures on

price development as captured by di�erent measures of prices, including consumer and

producer prices. Ciccarelli et al. (2024) assess the four largest euro area economies (Ger-

16For extensive literature overviews on the e�ects of climate risks on �nancial market participants,
see de Bandt et al. (2023), Eren et al. (2022) and Giglio et al. (2021).

17See Art. 127 (1) of the Treaty on the Functioning of the European Union (TFEU). Price stability
is currently de�ned by a 2% in�ation target over the medium term.

18The ECB's second mandate to support broader economic policies by and in the EU is also partly
seen as an element of this justi�cation, although we do not discuss this mandate in detail (van `t
Klooster and de Boer, 2022).
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many, France, Italy and Spain) and �nd that hotter summers lead to upward pressures

in terms of food in�ation and service in�ation. De Winne and Peersman (2021) report

that extreme weather events, such as droughts and heatwaves, in�uence �uctuations in

global agricultural commodity prices and impact economic activity of both advanced

and developing countries. Finally, Bilal and Känzig (2024) �nd that every additional

1°C rise in the average temperature on earth means a 12 percent hit to global Gross

Domestic Product (GDP), arguing that the macroeconomic e�ects of climate change

have so far been largely underestimated.

On the other hand, climate change may also pose a threat to the overall stability

of the �nancial sector. As noted earlier, climate risks represent a new risk driver that

can a�ect institutions' �nancial position (balance sheet), �nancial performance (income

statement � P&L) and liquidity position. 19 In this context, these risks are not only of

concern to central banks in their role as supervisors, but also a factor that institutions

are increasingly required to take into account. In terms of mechanisms, there are three

key channels through which climate risks are expected to a�ect institutions: the credit,

market and liquidity risk channels (Acharya et al., 2023; de Bandt et al., 2023).

To illustrate the credit risk channel, climate risks may a�ect loan books, with both

transition and physical risks reducing borrowers' ability to repay their outstanding loans

and increasing their default rates (Acharya et al., 2023; Cepni et al., 2024). For example,

this may hold for loan exposures to borrowers in sectors with high carbon emissions,

facing higher operating costs as a result of regulatory interventions. Similarly, extreme

weather events may lead to the destruction or depreciation of physical assets, resulting

in higher default probabilities for corporate loans and mortgage loans (Cepni et al.,

2024). Ultimately, this may potentially translate into increased loan losses for the

banks (Brei et al., 2019).

Nevertheless, the empirical evidence on the credit risk channel is mixed. In par-

19To understand the potential e�ects of climate risks on institutions' �nancial position and �nancial
performance, it is useful to recall the structure of banks' balance sheets and the link with their P&L. On
the asset side, institutions typically hold cash, loans (loan book) and trading assets (trading book). On
the liabilities side, institutions typically have deposits, short-term and long-term debt (e.g., obligations
and commitments related to derivatives contracts) and equity. Net income (from the P&L) increases
equity, while a net loss decreases it.
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ticular, while transition and physical risks are a source of �nancial risk for borrowers

(see e.g., Ehlers et al., 2022; Seltzer et al., 2020), the e�ects on institutions' �nancial

position and �nancial performance are contrasted. This may be due to factors such as

composition and maturities of loan portfolios, but also to di�erences in the types of

institutions (large, well-diversi�ed institutions versus smaller and more local ones) and

the wide range of climate risks considered (carbon taxes, heat, �ood, etc.). So far, a

large strand of the literature has focused on the link between physical risks and insti-

tutions' pro�tability. For example, Blickle et al. (2021) report that weather disasters in

the last quarter century had limited e�ects on U.S. banks' performance. The authors

�nd that loan losses tend to be o�set by an increase in loan demand after the disasters,

boosting pro�ts at larger banks. On the contrary, Schubert (2021) reports that �ood

shocks negatively a�ect U.S. banks' performance, as measured by the return on assets

(ROA). Ge et al. (2022) and Sastry et al. (2024) observe that the underlying assets

of U.S. institutions with large real estate portfolios in climate-vulnerable regions (e.g.,

coastal areas prone to sea-level rise) are at risk of increased losses due to rising trends

in insurance premiums, insurance company withdrawals and a decline in the quality of

insurance quality. Vollmar and Wening (2023) analyze the e�ects of heat on regional

institutions in Germany and �nd a negative impact in terms of pro�tability (ROA) for

institutions servicing industries in heat-a�ected regions compared to institutions in less

heat-a�ected regions. On the transition risks side, while there is evidence that institu-

tions are managing these risks, including by adapting their lending, re-balancing their

portfolios within borrower industries and adjusting their pricing (see e.g., Chava, 2014;

Delis et al., 2019; Ivanov et al., 2023; Martini et al., 2023), their impact on bank perfor-

mance is less evident. For example, Jung et al. (2023) �nd that the credit exposures of

U.S. institutions to transition risks are modest and, on average, do not exceed 14% of

their loan portfolios under several scenarios. Referring to an ECB study (Emambakhsh

et al., 2023), the authors also underscore that �expected losses of European banks'

credit portfolios are minimal, around 0.7% of the total loan exposure under both the

accelerated and the delayed transition scenarios� (p. 5, Jung et al., 2023).

While the credit risk channel is widely regarded as the most relevant one for banks
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(EBA, 2023), market risk is considered the second most critical. Market risk refers to

the potential for losses arising from �uctuations in market prices, including the risk

of losses from trading assets held in the trading book and the potential for losses due

to foreign-exchange risk or commodity risk from assets in the banking book (EBA,

2023). Bonato et al. (2023a) analyze the role of climate risks in forecasting realized

volatility of exchange rate returns of major fossil fuel exporters and �nd that climate

risks (temperature, wind, precipitation) have incremental out-of-sample predictive value

for exchange rate volatility. In a follow-up study, Bonato et al. (2023b) report that

climate risks have predictive value for realized stock market volatility at the U.S. state-

level. Bertolotti et al. (2019) analyze the impact of physical events on the stocks

of U.S. electric utilities and �nd signi�cant market price reactions after hurricanes.

Additionally, since climate risks are anticipated to a�ect future cash �ows, market risk

also relates to the e�ects of such risks on the present-day values of �nancial assets

Acharya et al. (2023). For example, if climate risks are considerably under-priced,

changes in investor perception may lead to re-pricing of assets and, potentially, to

losses for asset holders such as banks (Demekas and Grippa, 2024). A large strand of

the literature therefore focuses on the extent to which climate risks explain stock market

returns (see e.g., Bolton and Kacperczyk, 2021; Ardia et al., 2023; Aswani et al., 2023),

are priced on stock and bond markets (see e.g., Huynh and Xia, 2020; Painter, 2020;

Acharya et al., 2022) and a�ect investor beliefs (see e.g., Bakkensen and Barrage, 2021;

Ceccarelli and Ramelli, 2024).

Finally, in addition to credit and market risks, there is also a potential liquidity

risk channel to consider (Acharya et al., 2023). However, this channel appears not very

well understood to date and research remains limited (de Bandt et al., 2023). So far,

there is empirical evidence that climate risks may lead to both decreases and increases

in deposit withdrawals after major disasters. For example, Choi et al. (2022) �nd that

institutions with a poor environmental reputation are more likely to face a decline in

their branch deposits in regions exposed to severe physical risks. In some cases, climate

risks, particularly physical risks, are shown to increase loan demand, which o�sets losses

but puts pressure on liquidity bu�ers. Brei et al. (2019) report that following natural
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catastrophes (hurricanes) institutions face large deposit withdrawals and experience

a negative funding shock to which they respond by reducing their loan supply and

drawing on their liquid assets. Koetter et al. (2020) study the role of German local

banks in the context of natural disasters (�ooding) and �nd that local banks that are

domiciled in una�ected counties but are exposed to disaster-ridden �rms in a�ected

counties lend 3% more in the post-�ood period compared with unexposed local banks.

Cortés and Strahan (2017) �nd that institutions are incentivized to cut lending from

markets una�ected by natural disasters in order to have enough liquidity to support

disaster-a�ected markets facing increased credit demand.

VII.3 Research method and sample

VII.3.1 Semi-structured interviews

We adopt an empirical approach based on semi-structured interviews with risk experts,

combined with insights from archival data, primarily from Pillar 3 reports. This ap-

proach allows us to gather information on both the climate-related risk management

practices of institutions and the experiences and views of practitioners. We also use

data from the Pillar 3 reports to guide and re�ne our interviews. This data proved

particularly helpful in gaining an overview of the climate-related risk management pro-

cesses in place. Finally, we analyze supervisory and regulatory guidelines to gain a

deeper understanding of the expectations and recommendations set by supervisors and

regulators.

We conducted semi-structured interviews with risk experts mainly from signi�cant

institutions that are directly supervised by the ECB and subject to the CRR. The ECB

maintains and regularly updates a public list of these institutions (ECB, 2024d). For

our study, we used the list as of January 1, 2023 and selected institutions classi�ed as

�credit institutions�. We particularly focused on institutions established in Germany

due to our geographical proximity and personal contacts, which contributed to a higher

response rate. As of January 1, 2023, the ECB's list of supervised entities included 18

SIs established in Germany. Our sample covers experts from 12 of these institutions
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(approximately 67%). Furthermore, we also targeted experts of large credit institutions

established in France and the Netherlands. Our sample covers three of these institu-

tions. In addition, our sample includes one expert from a Less Signi�cant Institution

(LSI) in Germany that is preparing for ECB supervision and thus actively integrating

climate-related risks.20 Finally, we conducted one interview with an expert in PD mod-

eling and stress testing from a large German institution that is exempt from the scope

of the CRR, but is subject to key banking regulations and supervised by the German

banking supervisory authorities. To sum up, our sample includes 17 institutions, of

which 15 are credit institutions currently directly supervised by the ECB.

We identi�ed respondents through LinkedIn and via personal recommendations.

Employees of relevant institutions were screened on LinkedIn using keywords such as

�climate risk�, �ESG risk�, �credit risk�, �credit risk modeling�, �risk controlling�, �risk

management�, �stress testing�, �scenario analysis�, �IRB�, �rating�, �PD model�, �envi-

ronmental risk�. This process led to 62 potential respondents being contacted. Overall,

30 risk experts participated, which corresponds to a high response rate of 48%. The

breakdown of respondents is presented in Table VII.1. To maintain full anonymity, the

names of the respondents and their institutions are not disclosed. Furthermore, we de-

liberately use the pronoun �they� instead of �she� or �he�. Each respondent is assigned

a �respondent ID�, and each institution receives an �institution ID�, which are used to

present our �ndings. As can be seen, our sample includes experts from various risk-

related functions, o�ering di�erent perspectives on climate risk integration, covering

both Pillar 1 and Pillar 2 aspects. Furthermore, our sample includes a wide range of

large private commercial institutions (53%), public institutions (35%) and cooperative

institutions (12%), with total assets ranging from EUR 30 billion to over EUR 1,000

billion.

The decision to use semi-structured interviews, rather than a traditional survey with

a set of pre-de�ned answers, provided several important advantages for our research.

20LSIs have been explicitly invited by the ECB to apply its climate-related expectations in a manner
that is proportionate to the nature, scale and complexity of their activities (ECB, 2020b). Furthermore,
79 LSI participated in the 2022 thematic review on climate-related and environmental risks (ECB,
2022e).

VII-308



CHAPTER VII. AUZEPY ET AL. (F)

First, this approach allowed us to ask detailed questions about climate risk integration

and thus better capture the complexity of the topic at hand. In addition, by allowing

respondents to freely express their thoughts and views, we encouraged a more open

and nuanced discussion, shedding light on the challenges currently faced. Second, the

�exibility of the interviews enabled us to tailor questions to each respondent's speci�c

background, responsibilities and expertise. While we adhered to a core set of questions,

some respondents had speci�c expertise in areas such as stress testing, while others had

broader risk management roles, allowing us to explore certain topics in more depth in

individual interviews. Importantly, we carefully selected respondents to ensure they had

substantial expertise in their respective �elds. Third, the interviews allowed respondents

to introduce additional topics or concerns. This approach enabled us to incorporate

insights from earlier interviews into subsequent ones, integrating emerging themes as

they arose (Hummel and Bauernhofer, 2024).

The interviews were conducted in German or French and structured around open-

ended questions. Each interview lasted approximately 60 minutes. The interviews were

conducted between February and November 2024. Prior to the interviews, respondents

were asked for their consent to be recorded using an audio recorder. We transcribed

the interviews vebatim, resulting in about 500 pages of text. Key excerpts from the

interviews were later translated into English. Thematic analysis was undertaken based

on the interview transcripts (Braun and Clarke, 2006). Using the software program

MAXQDA Plus 2020, we carefully examined each interview transcript to perform qual-

itative data coding. This process allowed us to identify signi�cant themes and re�ne

our conceptual framework, presented in Section VII.3.3. This framework serves as the

foundation for the structure of this study.
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Table VII.1: Sample composition.

Respondent Respondent expertise and/or role Institution Total assets Country
ID ID

A1 Director Regulatory Policy, Capital & Liquidity A EUR 30-50 bn Germany
A2 Senior Stress Testing Expert A EUR 30-50 bn Germany
A3 Risk Expert Stress Testing Expert A EUR 30-50 bn Germany
B1 Director Risk Methods, Risk Controlling B EUR 30-50 bn Germany
B2 Manager Risk Management B EUR 30-50 bn Germany
C1 Executive Director, Climate Risk C EUR 50-75 bn Germany
C2 Expert Credit Risk and Market Capital C EUR 50-75 bn Germany
D1 Senior Project Manager, Group Credit Risk Management D EUR 300-500 bn Germany
D2 Expert Risk Management D EUR 300-500 bn Germany
E1 Head of Department, Overall Bank Risk E EUR 50-75 bn Germany
F1 Director Strategic Analytics F >EUR 1,000 bn Germany
G1 Head of Stress Testing Methodologies and Models G >EUR 1,000 bn France
G2 Senior Risk Manager, Physical Risk Lead G >EUR 1,000 bn France
H1 Expert ESG Risks H EUR 500-1,000 bn Germany
H2 Risk Manager Group Risk Controlling H EUR 500-1,000 bn Germany
H3 Head of Department Stress Tests and Scenario Analysis H EUR 500-1,000 bn Germany
H4 Stress Testing Expert H EUR 500-1,000 bn Germany
H5 Expert Risk Controlling, ICAAP, ESG Risk Management H EUR 500-1,000 bn Germany
I1 Expert Rating Methodology, Risk Controlling & ESG Risk I EUR 150-300 bn Germany
I2 Group Manager Risk Controlling I EUR 150-300 bn Germany
J1 Head of Strategic Risk Control J EUR 30-50 bn Germany
J2 Director ESG Risk J EUR 30-50 bn Germany
K1 Head of Model Risk Management and Validation K EUR 75-100 bn Germany
K2 Expert Risk Controlling, Non-Financial Risk and Sustainability Risk K EUR 75-100 bn Germany
L1 ESG Stress Testing Expert L EUR 30-50 bn Germany
M1 Expert Risk Controlling, Credit Risk Stress Test and PD Modeling M EUR 500-1,000 bn Germany
N1 Managing Director Risk Controlling N EUR 150-300 bn Germany
O1 Global Head Risk Control O EUR 100-150 bn Germany
P1 Team Lead ESG Risk Management P EUR 500-1,000 bn Netherlands
Q1 Expert ESG Risk and Climate Risk Q EUR 150-300 bn Netherlands
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VII.3.2 Archival data

We reviewed the 2023 Pillar 3 reports from the institutions in our sample. Although

Pillar 3 reports (also known as regulatory disclosure reports)21 were not the focus

of speci�c interview questions (e.g., we did not ask the respondents to discuss the

preparation of these reports or the challenges their institutions face in disclosing climate-

related information), we used the content of these disclosures to gain insights into

the institutions' climate-related risk management practices and to guide our interview

questions. In addition, we used the qualitative information from the disclosures to

complement our interview �ndings and o�er a more comprehensive perspective of the

risk management approaches employed by the institutions in our sample.

Under the CRR, Pillar 3 disclosures are mandatory disclosures for signi�cant insti-

tutions (see Art. 431 of the CRR) and must be published at least annually (see Art.

433 of the CRR). The content of the disclosures is also largely determined by the CRR,

which speci�es technical criteria for the disclosure of risk management objectives and

policies (see Art. 435 of the CRR), own funds (see Art. 437 of the CRR), capital

requirements (see Art. 438 of the CRR), capital bu�ers (see Art. 440 of the CRR)

and leverage (see Art. 451 of the CRR), among others. Thus, Pillar 3 reports con-

tain important information on both Pillar 1 and Pillar 2 aspects. In addition to the

above, these reports are typically organized by risk type (e.g., credit risk, market risk,

operational risk, liquidity risk, reputational risk, model risk, etc.) and provide speci�c

information on the institutions' exposure to and management of each risk type.

An important development is the requirement for Pillar 3 reports to include detailed

information on ESG risks,22 with a particular focus on physical risks and transition risks.

Institutions whose securities are admitted to trading on a regulated market in the EU

have to comply with the disclosure requirements pursuant to Art. 449a of the CRR.23

In January 2022, the EBA published the �nal Implementing Technical Standard (ITS)

21Pillar 3 of the Basel framework focuses on market discipline through prescribed public disclosures.
22Climate risks are typically treated as a subset of ESG risks and fall under the environmental pillar.
23While Art. 449a of the CRR itself does not specify the content of the ESG risk disclosures, it

refers to Art. 98 (8) of the CRD, which, in conjunction with Art. 434a of the CRR, gives the EBA a
mandate to develop an Implementing Technical Standard (ITS).
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(EBA ITS 2022/01) on prudential disclosures on ESG risks, which de�nes the nature

of these disclosure requirements and forms the basis for Implementing Regulation (EU)

2022/2453.

In particular, this ITS speci�es the set of qualitative and quantitative information to

be disclosed by institutions regarding ESG risks. Qualitative disclosures include infor-

mation on business strategy, governance and risk management related to environmental

risks, while quantitative disclosures cover exposures to transition risks (templates 1 to

4), exposures to physical risks (template 5) and mitigating actions (templates 6 to 10).24

VII.3.3 Conceptual framework

Analyzing the interaction between climate risks and conventional risk types, as well

as the integration of climate-related considerations, requires an understanding of the

theoretical foundations of institutions' capital requirements and risk management. This

brings the banking prudential framework (the �Basel framework�) into focus (Redondo

and Aracil, 2024; EBA, 2021; Gruenewald et al., 2023).25

The Basel framework, developed by the BCBS, is an internationally agreed set

of measures and standards for prudential regulation. The EBA participates as an

observer in the Basel Committee and plays a crucial role in implementing the Basel

standards within the EU (EBA, 2024). Far from being a set of loose guidelines, the

Basel framework is directly applied in the EU through the CRR and the CRD.26 The

institutions in our sample operate under both the CRR and the CRD, making the

Basel framework applicable to them. The framework itself is structured around three
24See Implementing Regulation (EU) 2022/2453 of 30 November 2022 amending the implementing

technical standards laid down in Implementing Regulation (EU) 2021/637 as regards the disclosure of
environmental, social and governance risks.

25The Basel I Accord, introduced in 1988, established a framework for minimum capital requirements
based on risk-weighted assets to ensure institutions held adequate capital to cover credit and market
risks. In 2004, the Basel II Accord expanded this framework by adding operational risk alongside
credit and market risks, introducing three pillars: minimum capital requirements (Pillar 1), the super-
visory review process (Pillar 2), and market discipline through transparency (Pillar 3). The Basel III
reforms, developed in response to the 2007-2008 �nancial crisis, aim to enhance institutions' resilience
to �nancial and economic shocks by further strengthening risk management and addressing liquidity
and funding risks.

26See Regulation (EU) No 575/2013 on prudential requirements for credit institutions and investment
�rms and Directive 2013/36/EU on access to the activity of credit institutions and the prudential
supervision of credit institutions and investment �rms.
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fundamental pillars, which we explore further in this study. Speci�cally, we use key

elements of Pillar 1 and Pillar 2 to guide our discussion of climate risk integration, as

illustrated in Figure VII.2.
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Figure VII.2: Conceptual framework.

Remark: The �gure illustrates the conceptual framework of this study and outlines its main areas of focus within Pillar 1 and Pillar 2 of the Basel
framework.
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There are important di�erences between the two pillars, leading to di�erent ap-

proaches, but also challenges, in integrating climate risks. Pillar 1 of the Basel frame-

work focuses on minimum capital requirements for credit, market and operational risks.

Capital requirements are determined as �xed percentages of RWA. The RWA is a mea-

sure of an institution's assets adjusted for the level of risk inherent to those assets. This

level of risk is partly determined by a risk weight. The key idea is therefore to cap-

ture the relative riskiness of various assets on an institution's balance sheet (Holscher

et al., 2022). The calculation of RWA is governed by a set of rules applied uniformly

across institutions, aiming to establish consistent regulatory standards for risk-based

capital requirements. An important metric under Pillar 1 is the Common Equity Tier 1

(CET1) ratio, which compares an institution's CET1 capital to its total RWA (i.e., the

sum of credit RWA, market RWA and operational RWA). The primary goal of minimum

capital requirements, along with regulatory bu�ers, is to ensure that institutions can

absorb losses beyond expected levels and thus maintain an amount of capital neces-

sary to be regarded as a viable going concern by creditors and counterparties (Holscher

et al., 2022). Expected losses are typically covered ex-ante by risk-based pricing and

through loss provisioning under International Financial Reporting Standard 9 (IFRS

9). Expected credit loss provisions are deducted from capital (Krüger et al., 2018).27

In recent years, both the BCBS and the EBA have published discussion papers

on incorporating climate risks into the Pillar 1 framework (EBA, 2022b; BIS, 2022a).

However, unlike credit, market and operational risks � where clear rules for calculating

RWA are already well-established � neither the BCBS nor the EBA have proposed new,

speci�c capital requirements, such as dedicated risk weightings, for assets exposed (or

less exposed) to climate risks under this pillar.28 Instead, the emphasis has been on

how these risks can be more consistently integrated into the existing frameworks and

27More speci�cally, expected credit losses provisions are deducted from accounting equity, which is
the starting point for regulatory capital, e.g., CET1. Provisions are not covered in detail in this study,
but we touch upon some aspects in Section VII.4.3 and Section VII.4.5.

28For example, the EBA has so far ruled out the introduction of a green supporting factor, which
would lower capital requirements for environmentally sustainable exposures by reducing risk weights
or adjusting the RWA calculation (EBA, 2023). A similar instrument already exists under Pillar 1,
however for small and medium-sized enterprises and infrastructure projects, allowing institutions to
apply a discount factor, resulting in a downward adjustment in risk weights for SME and infrastructure-
related exposures meeting certain eligibility criteria (EBA, 2023).
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models, with a focus on credit risk and, to a lesser extent, market risk. For example,

the ECB issued in 2024 an updated guidance on internal models, requiring institutions

to incorporate material climate-related risk drivers into their existing Pillar 1 models

for credit and market risks (ECB, 2024a).

Integrating climate risks into the existing Pillar 1 framework presents challenges

due to several factors, including the framework's rigidity, its short-term focus and its

reliance on historical data for calculations (Gruenewald et al., 2023). In addition, a

less explored issue in the literature is the potential for double counting. For example,

internal models under Pillar 1, which are designed to quantify the speci�c risk of an

exposure, already incorporate various risk factors that may implicitly account for some

climate-related risks (EBA, 2022b). This broader context raises important questions

about where climate risks may already be captured implicitly and where a more explicit

approach is necessary.

In contrast, Pillar 2 of the Basel framework encourages institutions to implement

individual risk management strategies for identifying, measuring and monitoring their

risks beyond minimum regulatory requirements. Key components of this pillar include

the ICAAP and the SREP. The ICAAP is characterized by an internal capital ad-

equacy concept comprising an internal capital adequacy calculation, stress tests and

capital planning processes (BaFin, 2018). It is closely linked to the development of

both business and risk strategies, as well as risk management processes (BaFin, 2018).

Supervisors evaluate the soundness of an institution's ICAAP and overall risk man-

agement framework through the SREP. Based on their assessment, supervisors may

prescribe or recommend the institution to hold additional capital (e.g., via the Pillar 2

Requirement or Pillar 2 Guidance) or take other corrective actions.

Compared to Pillar 1, the treatment of climate risk integration is more concrete for

Pillar 2 (Smole«ska and van 't Klooster, 2022; Gruenewald et al., 2023). The ECB's 13

supervisory expectations regarding the integration of climate risks into risk management

practices have placed signi�cant emphasis on Pillar 2, particularly on the integration of

these risks into the ICAAP. Notably, the ECB highlighted that the Guide on climate-

related and environmental risks should be considered alongside the ECB guide to the
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ICAAP, indicating that these two guides are complementary (ECB, 2018, 2020b). As

the ICAAP is an internal and individual process, this also suggests that the integration

of climate risks requires tailored approaches across institutions. Finally, the treatment

of climate risk under Pillar 2 is also in�uenced by the integration of climate risks into

the SREP, where the ECB now plays a critical role in reviewing how institutions manage

these risks (Gruenewald et al., 2023).

What does the combined consideration of Pillar 1 and Pillar 2 imply for the integra-

tion of climate risks? Standardizing the treatment of such risks under Pillar 1 would

likely contribute to establishment of consistent regulatory standards across all insti-

tutions, potentially resulting in higher minimum capital requirements for institutions

exposed to climate risks. As Pillar 1 capital calculations often serve as the basis for

further risk assessments under Pillar 2 (BaFin, 2018), a more systematic integration

of climate risks into Pillar 1 may indirectly raise the baseline requirements and also

impact capital considerations under Pillar 2.

The current guidelines and expectations for both Pillar 1 and Pillar 2 provide in-

stitutions with large �exibility in terms of implementation. This highlights the need

to examine how individual institutions are integrating climate risks and the speci�c

challenges they face in doing so. Furthermore, where climate risks act as drivers of

other risk types, an important question emerges: to what extent, and how, are climate

risks being factored into institutions' risk management and capital considerations? If

climate risks are (or are to be) incorporated, it is crucial to understand the mechanisms

through which this integration occurs, as well as how institutions and supervisors de-

termine the capital resources needed. To support this analysis, Figure VII.2 illustrates

the conceptual framework of our study and outlines the key areas that were the focus

of our interviews.
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VII.4 Results

VII.4.1 Pillar I: Integrating climate risks into the standardized

approach (SA)

Background and rationale

We start by discussing important features of Pillar 1 and explore both potential and

existing approaches for integrating climate risks. As noted in Section VII.3.3, Pillar 1

focuses on the establishment of minimum capital requirements for three primary types

of risk: credit risk, market risk and operational risk. Under this framework, capital

requirements are calculated as �xed percentages of RWA based on these risk types

(Holscher et al., 2022).29. The EBA describes climate risks as a particularly relevant

driver of credit risk, which in turn accounts for the largest share of institutions' total

capital requirements (compared to the capital requirements resulting from market and

operational risks) (EBA, 2022b).30 As a result, our analysis of Pillar 1 focuses primarily

on the interaction between climate and credit risks.

In this section, we delve into a key approach to credit risk: the standardized ap-

proach. Given its importance in determining capital requirements for credit risk under

Pillar 1, we explore the main channel for integrating climate risks into this approach

and address the challenges involved. As of June 2023, the standardized approach rep-

resented on average 54% of all credit risk-weighted exposure amounts in the EU (EBA,

2023). Several participants (A1, B1) pointed out the increasing regulatory shift towards

this approach over internal models (further discussed in Section VII.4.2). A notable ex-

ample of this shift is the introduction of an �output �oor�, applicable as of January 2025,

designed to prevent institutions from using internal models to signi�cantly lower their

capital requirements compared to the standardized approach (Smole«ska and van 't

Klooster, 2022). Speci�cally, with the introduction of the output �oor, the RWA calcu-

lated using internal models will not be allowed to fall below 72.5% of those calculated by

29For example, all institutions must hold capital equivalent to at least 8% of total RWA.
30The EBA notes that �credit risk is considered the most relevant part of the prudential framework,

with RWAs attributable to credit risk accounting for over 80% of total RWAs� of credit institutions in
the EU (see p.24, EBA 2022b).
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Figure VII.3: Calculation of risk-weighted assets (RWA) under the standardized ap-
proach for credit risk.

Remark: This �gure is based on Regulation (EU) No 575/2013 on prudential requirements for credit
institutions and investment �rms (CRR).

the standardized approach, limiting the potential capital bene�t from internal models

to 27.5%. The respondents observed that this restriction makes using internal models

more challenging, which is likely to drive wider adoption of the standardized approach

in the coming years.

Under the standardized approach, the RWA resulting from credit risk are calculated

as the product of the exposure value (net of credit risk mitigation instruments) and a

speci�c risk weight, as illustrated in Figure VII.3. A key feature of this approach is

the reliance on external credit assessments (i.e., external credit ratings) to determine

the risk weight (see Art. 135 of the CRR). These external credit assessments re�ect

an agency's opinion about the issuer's (i.e., the borrower's) ability to meet its �nancial

obligations on time and in full. Each external credit assessment is assigned to a Credit

Quality Step (CQS). The CQS, together with the exposure class, determine the risk

weight. The exposure class depends on the type of issuer, such as corporate, retail or

public sector entities (see Art. 112 of the CRR).

Only credit assessments from external credit rating agencies explicitly approved by

the regulator are permitted.31 Under the standardized approach, institutions have to

formally nominate a rating agency whose credit ratings they will use. Consequently,

the degree to which climate risks are integrated into the standardized approach �

31A list of such rating agencies is published by the EBA and regularly updated (see Art. 135 of the
CRR).
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and thus into the calculation of the risk weight and, indirectly, the minimum capital

requirements for credit risk � largely depends on the selected agency, its methodologies

and its approach to incorporating climate-related factors into credit risk assessments.

The EBA has already extensively discussed this issue, identifying two primary chal-

lenges in this context (EBA, 2022b, 2023). First, the degree to which credit rating

agencies incorporate climate risks into their credit assessments varies signi�cantly from

one to the other, leading to an inconsistent treatment of such risks across the industry.

Second, the EBA also pointed to a lack of transparency in the methodologies used by

credit rating agencies. In particular, the speci�c ways in which these agencies incorpo-

rate climate risks into their ratings are often unclear, making it di�cult for institutions

to fully understand whether and how climate-related factors in�uence their �nal rating

decision.

Credit ratings and dialogue with rating agencies

In our sample, all but one institution (A) rely on internal models to calculate capital

requirements for credit risk. In this section, we build on the EBA's earlier observations

by adding two key insights shared by a respondent (A1) from this institution and

exploring the challenges that were highlighted.

First, the respondent stressed that large, globally operating institutions heavily rely

on the three major credit rating agencies � Moody's, Standard & Poor's and Fitch.

This expert noted that their institution uses ratings from all three, rather than opting

for smaller, less established agencies that have more limited coverage. Currently, the

broad coverage provided by these agencies is considered to outweigh concerns about

their treatment of climate risks. Therefore, the extent to which climate risks are inte-

grated largely depends on how these three leading agencies, in particular, incorporate

such factors into their ratings:

�If you are a globally operating bank, then there is a certain expectation in the

market that you will use these rating agencies [Moody's, Standard & Poor's and

Fitch]. But if you are a specialized bank, such as the Umweltbank, where sustain-
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ability is part of the core strategy, then I could imagine that you might try to take

a closer look at the sustainability criteria applied by the rating agencies and their

coverage of climate risks. In this case, you might also select a smaller agency with

a stronger sustainability focus.�(A1)

At this stage, it is also important to note that the European Securities and Markets

Authority (ESMA), which oversees the rating approval process, conducted an assess-

ment in 2019 of the extent to which credit ratings take into account ESG factors (ESMA,

2019). The ESMA concluded that such factors, including climate-related factors, are

taken into account in credit ratings, but that their importance and incorporation varies

across asset classes. In addition, the ESMA advised against amending the regulation

governing credit rating agencies to more explicitly account for ESG-related factors in

credit risk assessments (ESMA, 2019).

Our respondent also pointed out that direct dialogue between institutions and rating

agencies regarding their methodologies is rather rare. In practice, external ratings are

imported into internal systems that assign the appropriate risk weights. As a result, this

respondent believed it is unlikely that an institution could in�uence a rating agency's

methodology to better incorporate climate risks unless the agency is already doing so.

An exception to this may arise with the implementation of the CRR III, which

is due to take e�ect in January 2025. Speci�cally, the CRR III amends Article 138

of the CRR, restricting the use of credit ratings that include assumptions of implicit

government support. While this regulation applies to credit ratings for certain �nancial

institutions rather than corporates, the respondent viewed it as an opportunity for

institutions to re-examine rating methodologies more broadly:

�New regulations could drive a broader discussion on rating methodologies. A clear

example is the implementation of CRR III, where institutions, when assessing

other institutions as counterparties, will only be allowed to use ratings that exclude

embedded government support. This is likely to prompt institutions to engage with

their credit rating agencies and take a closer look at the underlying methodologies,
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as such ratings are currently quite limited.�(A1)

VII.4.2 Pillar I: Integrating climate risks into internal models

(IRB)

Background and rationale

Most institutions in our sample use internal models under Pillar 1 to calculate RWA

from credit exposures. This section outlines the key features of these internal models

for credit risk, while the following sections consider approaches to integrating climate

risks and discuss the main challenges highlighted by our respondents.

With internal models and the Internal Ratings-Based Approach (IRB), institutions

use their own modeling techniques and internal data to estimate key credit risk param-

eters. There are two types of internal models for credit risk: the Foundation Internal

Ratings-Based Approach (F-IRB) and the Advanced Internal Ratings-Based Approach

(A-IRB). Under the F-IRB, institutions model only the PD using their internal ap-

proach. In contrast, under the A-IRB, institutions can also estimate their own Loss

Given Default (LGD) and Exposure at Default (EAD). Both approaches share the com-

mon feature that institutions develop their own PD models for credit risk exposures

based on internal ratings, which help categorize borrowers by their risk of default. These

models are subject to supervisory approval and have to ful�ll a set of requirements set

forth in the CRR.

Figure VII.4 illustrates the calculation of RWA under the internal ratings-based

approach. As shown, the credit risk parameters associated with the internal rating play

a key role. The input parameters PD, LGD and Maturity (M) in�uence the risk weight

and ultimately determine the RWA.32

An important development introduced in the latest revision of the ECB guide to

internal models is the expectation that institutions incorporate material climate risks

32Note that several parameters, including PD, LGD, M and Credit Conversion Factors (CCFs), are
involved in credit risk modeling (see EBA, 2023). This study focuses on the integration of climate
risks into internal ratings, particularly in relation to PD considerations.
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Figure VII.4: Calculation of risk-weighted assets (RWA) under the internal ratings-
based approach (IRB) for credit risk.

Remark: This �gure is based on Regulation (EU) No 575/2013 on prudential requirements for credit
institutions and investment �rms (CRR).

in their internal models for credit risk (ECB, 2024a). Speci�cally, the ECB stated that

�where climate-related and environmental risks drivers are found to be relevant and

material, institutions should include such risk drivers in their internal models approved

for use for the calculation of own funds requirements for credit and market risk� (p.13,

ECB 2024a). In addition, the EBA also commented on the integration of climate risks

into internal models for credit risk and formulated speci�c recommendations (EBA,

2023). In particular, the EBA noted that as the �impact of climate risks on defaults

and loss rates becomes available, institutions should re�ect these risks in their PD and

LGD estimates through a re-development or recalibration of their rating systems in the

long term� (p.58, EBA 2023).

Overall, these expectations and recommendations have important implications, both

in terms of Pillar 1 and Pillar 2 aspects. The direct implication is that institutions are

required to test and evaluate whether climate-related risk drivers are a material pre-

dictor of credit risk within their portfolios. 33 If they are, the ECB guide to internal

models suggests that climate risks should be incorporated into internal ratings-based

models and thus into PD modeling (and LGD modeling, depending on whether F-IRB

or A-IRB is in place), requiring a comprehensive review of the modeling process. In

addition, it also raises important questions about how climate risks are to be incorpo-

33For example, univariate analysis is commonly applied to assess the discriminatory power of risk
drivers, after which relevant data is integrated as independent risk drivers in regression models (e.g.,
logistic regressions) aimed at predicting the default target variable.
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rated, e.g., by adding risk factors quantitatively into the models or indirectly through

the use of overrides and additional margins of conservatism.

Institutions face further implications. For example, testing whether climate risks

are a material predictor of credit risk requires access to comprehensive, high-quality

data on relevant risk drivers integrated into a reference data set (EBA, 2023). In cases

where such quantitative data is lacking, institutions have to establish processes and

implement tools to collect the necessary climate-related information. These tools and

processes are essential components of the risk identi�cation, risk inventory and risk

quanti�cation processes under Pillar 2, as discussed in Section VII.4.3. While the ECB

stresses the importance of integrating �material� climate risks into the models, it does

not prescribe speci�c approaches for assessing materiality. As shown in Section VII.4.3,

institutions have adopted di�erent approaches to evaluate the materiality of climate

risks.

Finally, another important consideration, raised by several respondents, is that while

institutions may use internal models for credit risk, the models themselves may not al-

ways be developed in-house, but rather provided by external vendors. For example,

they noted that many German �Landesbanken�, which are supervised by the ECB, rely

on a rating tool developed by Rating Service Unit GmbH & Co. KG (RSU). Simi-

larly, German savings institutions (�Sparkassen�) commonly rely on a tool developed by

Sparkassen Rating und Risikosysteme GmbH (SR) for their rating systems. To ensure

that these institutions integrate material climate risks into their capital considerations

under Pillar 1, it is therefore essential to also assess the methodologies of these external

model providers.

In the following sections, we examine the approaches described by the respondents

for integrating climate risks into internal ratings-based models and discuss the asso-

ciated challenges and implications, with a primary focus on PD considerations. Fig-

ure VII.5 provides a simpli�ed representation of the rating process in the context of

internal ratings-based approaches, illustrating the link between the rating and the �nal

PD (see EBA (2017) for a detailed explanation of the PD estimation process). Ratings

are typically based on a combination of quantitative and qualitative rating criteria or
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risk drivers, which we discuss in Section VII.4.2. One approach to integrating climate

risks is to incorporate climate-related factors quantitatively, either as new risk drivers

or through adjustments to existing rating criteria. Institutions may also apply overrides

in the rating process when �individual circumstances, related to a given obligor or expo-

sures, cannot be reasonably captured by the model� (p.12, EBA 2017). These overrides

o�er an indirect way of accounting for climate risks. In addition, model recalibration

may be necessary, meaning that the weights assigned to certain risk drivers may need

to be adjusted to better account for climate risks as re�ected in historical data. The

�nal PD typically includes a MoC to account for uncertainties in the best estimate of

the risk parameter (EBA, 2017). This margin may also be applied to address data

limitations, such as inadequate or incomplete climate-related data, and other sources

of uncertainty (BIS, 2022a).

Materiality

As outlined in Section VII.4.2, the ECB expects internal ratings-based models to in-

corporate climate risks when they are identi�ed as material risk drivers (ECB, 2024a).

This expectation brings the concept of materiality into focus and calls for a discussion

of its interpretation in the context of the Pillar 1 framework. Our analysis shows that

nine institutions in our sample report in their Pillar 3 disclosures that climate risks are

considered to be material for credit risk exposures. Of these, one institution (C) quan-

titatively integrates climate risks into its PD models (for corporates) under Pillar 1.

One of the respondents (C1) from this institution explained:

�We incorporate climate risk into our ratings. The assessment feeds into the mod-

els. The corporate rating model/PD including a climate risk assessment is used

for capital calculations under the foundation IRB approach approved by the ECB.

Therefore, we consider a climate risks assessment to calculate capital.�(C1)

The remaining institutions adopt a more indirect approach, primarily through the

use of rating overrides,34 as discussed in Section VII.4.2. At present, although all

34An override is a manual upgrade or downgrade of a stand-alone rating. See Figure VII.5 for an
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Figure VII.5: From stand-alone rating to PD estimation under the internal ratings-
based (IRB) approach.

Remark: This �gure illustrates the steps from stand-alone rating to �nal PD estimation under the IRB
approach. It is based on a framework from Prof. Dr. Stefan Reitz and EBA (2017).

institutions in our sample have developed some form of internal climate (or ESG) scoring

methodology, these scores are generally not quantitatively integrated into PD models

under Pillar 1. Some institutions (e.g., D) indicate in their disclosure reports that

climate risks only become material over a period of at least �ve to ten years. However,

even among those institutions (e.g., I) that �nd a material e�ect of climate risks over

a shorter time horizon of one to �ve years, these risks are not directly integrated into

the models as a distinct risk factor. For example, one of the institutions (B) states

in its Pillar 3 report that both physical and transition risks exhibit �relevant impact

correlations� for credit risk. An expert (B1) from this institution o�ered a counter-

argument regarding the quantitative integration of climate-related risks in the Pillar 1

framework:

illustration.
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�If a supervisor were to question our model and ask why climate risk is not con-

sidered material, I would argue that we have not observed climate-related defaults

in the past. It doesn't show up signi�cantly in our historical data, and so from a

statistical perspective, I can't incorporate it into the model as a material risk driver

(. . . ). What we are doing now is looking at the defaults that occurred last year,

for example, and also looking at whether they were driven by climate risk. In this

way, we can practically build a dataset step by step that we can use as a basis for

modeling purposes in the future. However, this process will take time, likely more

than a year or two, because we still lack su�cient default rates and empirical data

to produce statistically reliable results. It is a gradual process.�(B1)

Similarly, another institution (H) highlights in its disclosure report that the impact

of transition and physical climate risks on credit risk is considered material over the

short, medium and long term. A risk expert (H1) from the institution stressed the need

to distinguish between a �forward-looking� and a more �backward-looking� de�nition

of materiality. Most materiality assessments � and the corresponding statements �

focus on future impacts and forward-looking assessments.35 In contrast, the de�nition

of materiality under Pillar 1 is one that is more grounded on historical data and thus

based on backward-looking assessments:

�We are not including the ESG scorecard in our PD model as it stands today. In

other words, we say it is not material at this point. I am aware that we have

written in another document that climate and environmental risks are material to

us. Let me clarify this contradiction. In PD models, you have to look at which risk

drivers explain which aspects in the past. In particular, which risk factors help to

distinguish clients who have not defaulted from clients who have defaulted in your

historical data. All of the aspects that help explain this distinction are essential

and have to be included in the models (. . . ). Again, it is based on historical data.

However, we believe that climate risk is a phenomenon of the future. It is not a

35See Section VII.4.3 for a discussion of current approaches to materiality assessments.
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phenomenon of the past. And this line of reasoning leads us to say that climate-

related credit risks are not a material aspect in terms of Pillar 1 and in terms of

historical time series. Therefore, we do not think it is appropriate to include them

in our models today. So why do we talk about material risks in this risk inventory?

It is explicitly about forward-looking risks. And we de�nitely see climate risks as

a material risk driver in the future.� (H1)

Overall, the materiality debate highlights a discrepancy between the forward-looking

and backward-looking perspectives. The absence of signi�cant climate-related defaults

in historical data sets makes it di�cult for some institutions to justify the inclusion of

these risks into current models, even though their materiality is expected to increase

in the future. This discrepancy may diminish over time as climate risks become more

apparent in the data. Furthermore, the fact that one institution has already begun to

quantitatively integrate climate risks into its PD models shows that such integration is

possible and is likely to become more widespread in the future.

Rating criteria and climate-related scores

As shown in Figure VII.5, institutions using the internal ratings-based approach rely on

their own rating systems and data to estimate a client's PD. In addition to these rating

systems, all institutions in our sample have developed and implemented internal ESG

scoring methodologies, including climate-related scores, to assess and quantify climate

risks. These climate-related scores are generally evaluated alongside credit ratings. In

this section, we explore key considerations related to these climate scoring methodolo-

gies and discuss some of the challenges they present from a Pillar 1 perspective.

Institutions' internal rating systems have to ensure a meaningful assessment of client

and transaction characteristics, a clear di�erentiation of risk levels and consistent quan-

titative estimates of risk (see Art. 144 of the CRR) (ECB, 2024a). At the PD model

level, this requires an appropriate selection and calibration of relevant risk drivers. In

particular, the selected risk drivers have to contribute to the discriminatory power of

the rating system, ensuring that such system is able to consistently and accurately
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distinguish between defaulted and non-defaulted obligors (ECB, 2024a). As of today,

there is no mandatory list of speci�c risk drivers to be incorporated into internal rating

systems. However, risk drivers are expected to capture relevant information on �nancial

and non-�nancial characteristics of clients that are indicative of their creditworthiness.

Figure VII.6 provides a simpli�ed illustration of key risk drivers for PD estimation,

including quantitative and qualitative factors, such as �nancial ratios and competitive

positioning (ECB, 2024a). For PD models targeting exposures to large corporates, key

risk drivers also include the industry, the country (or global region), and company size

(e.g., total turnover) (ECB, 2024a). Institutions are also required to take into account

�signi�cant changes in the economic, legal or business environment within the historical

observation period� (p.69, EBA 2017). Typically, the business and �nancial risk pro�les

are quantitatively integrated into the internal rating process, directly impacting stand-

alone ratings and PD estimates.
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Figure VII.6: Risk drivers for PD and LGD estimation.

Remark: This �gure provides a simpli�ed illustration of key risk drivers for estimating borrower and transaction risk. It is based on EBA (2017) and
ECB (2024a).
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Several respondents (B1, D1, I1, O1) argued that climate risks are already captured

by existing quantitative and qualitative rating criteria within current rating systems.

Internal ratings typically take into account factors such as a client's �nancial perfor-

mance, industry risk, business model and competitive positioning, as illustrated in

Figure VII.6. As a result, climate risks that are �nancially material in the short term

are implicitly incorporated into PD estimates. For example:

�Our internal rating procedures under Pillar 1 follow the foundation IRB approach.

Climate risks are implicitly accounted for, as these procedures include an evalu-

ation of the client's business model. This allows for the identi�cation of clients

operating in industries that are exposed to signi�cant transition risks.�(O1)

�It is essential to incorporate all material factors in�uencing PD into the models

� this is non-negotiable. The central question becomes whether there is any factor

that is not yet in the model or implicitly included. For example, is there anything

additional beyond what is already captured by �nancial ratios like operating prof-

itability or current �nancial liabilities, or by qualitative factors such as market

position? These aspects are already part of the rating process (. . . ). Elements

that a�ect sales, earnings and the �nancial structure are already embedded in our

model.� (I1)

�Climate risks are re�ected in the PD when they are quanti�able through other

�nancial parameters. For example, if a client is known to need investments of

a speci�c amount in the next year, this is a concrete, tangible factor � not a

hypothetical scenario � which is included in the PD. Additionally, climate risks,

especially transition risks, are highly sector-speci�c. The sector is also an element

that is already part of the ratings.�(D1)

In addition to this �implicit� integration, the institutions in our sample have all

developed internal ESG scoring systems, where transition and physical risks are typi-

cally evaluated and scored as part of the environmental pillar at the individual client
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level. We refer to such scores as �climate-related scores�.36 As shown in Figure VII.6,

climate-related scores (i.e., the climate and environmental risk pro�le) are generally

derived from a separate evaluation and do not directly serve as quantitative risk drivers

or rating criteria that directly feed into the PD estimates.

Speci�cally, all but one of the institutions in our sample incorporate climate risks

into their risk classi�cation through qualitative considerations derived from the climate-

related scores and by applying rating overrides (see Section VII.4.2). Several respon-

dents (D1, E1, K1) described the climate-related scores as a valuable approach for

conducting a granular and structured analysis of climate risks at the client level, de-

spite some overlap with several rating criteria (e.g., sector/industry) already included

in the rating system:

�Some factors are fundamentally already incorporated into existing risk models.

However, I see a di�erence in the level of granularity. There is a di�erence between

broadly assessing whether a company has appropriate management practices and,

alternatively, examining 15 speci�c detailed questions explicitly related to ESG

and climate issues.�(E1)

�The scorecard allows us to assess each borrower in a structured and individual

way, identifying the physical and transition risks that might arise over di�erent

time horizons and are potentially not captured in the quantitative data. This

provides a complementary perspective.�(K1)

Climate-related scores are typically aligned with the internal rating process and are

subject to internal review and approval. In addition, they are updated annually or

more frequently if important changes occur. For example, one institution in our sample

(J) indicates in its Pillar 3 report that ESG scoring is mandatory for all new business

transactions. For existing clients, the score has to be updated at least once a year.

The ESG scoring process is aligned with the rating process by having the second line of

defence approve the results. The overall ESG score ranges from 1 to 6, with 1 being the

36The design of these climate-related scores is further discussed in Section VII.4.3.
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highest grade. A new business opportunity with a score of 5 or 6 leads to a deal rejection

unless mitigating factors are presented and explicitly approved by the voting members

of the credit committee. Consistent with the previous observations, a respondent (J2)

from this institution noted that the current ESG scoring system provides a score that

is currently separate from the internal rating, but updated annually. Furthermore,

another respondent (D1) described a similar approach:

�We developed a proprietary scoring tool to e�ectively capture ESG information.

Our intention was to explore whether this information could become relevant to

default risk in the medium to long term. Currently, the ESG scoring tool produces

a score that is not equivalent to a probability of default and is not directly incorpo-

rated into our PD or LGD models (. . . ). Going forward, our goal is to collect as

much data as possible and continuously assess the relevance to default risk.�(J2)

�The climate risk score is updated annually alongside the internal rating for two

reasons. First, because we recognize a certain connection with the probability of

default, at least in theory. Second, because adjustments to the score may become

necessary over time. Like the rating methodology, the climate score methodology

is reviewed annually and modi�ed if needed.�(D1)

Several respondents (D1, I1) pointed out that the climate-related scores are con-

sidered in transaction decisions and therefore in�uence the outcomes. For example, a

below-average climate score may prompt a more detailed review of a transaction, even

if the quantitative client's PD is deemed acceptable. In such cases, the transaction may

be escalated to higher decision-making bodies, such as credit committees or even the

board of directors. In addition, some institutions in our sample have reviewed their

competence level systems so that the hierarchical level required to review and approve

transactions increases if a client receives a poor climate-related score. For example:

VII-333



CHAPTER VII. AUZEPY ET AL. (F)

�Our climate risk score complements the internal rating to re�ect long-term cli-

mate risks that are not yet tangible. This score may not have a direct impact on

the PD, but it does in�uence certain process requirements. For example, if the

short-term PD is acceptable but the climate risk score is particularly poor, climate

risks may need to be addressed more extensively in the credit analysis. In certain

cases, the transaction may also have to be decided at a higher competence level,

e.g., credit committee. For high-volume transactions, this could be discussed all

the way up to the board of directors.�(D1)

�We have a formalized competence level system. Above a certain threshold of the

ESG-score, certain hierarchical levels or committees have to review the transac-

tion. For clients with a poor ESG score, the competence level increases by one

level.� (I1)

The quantitative integration of climate-related scores into rating systems represents

a key challenge and is, for most institutions, still in its early stages. Several respondents

(B1, H1, H2, J2, K1, M1, N1, O1, P1) argued that integrating climate-related scores

into ratings is premature due to scarce historical data, poor data quality and modeling

uncertainties. Furthermore, one expert (K1) stressed the importance of keeping internal

ratings and climate-related scores separate for now to maintain a more robust and

transparent model validation process:

�From a validation perspective, I believe the best approach currently is not to au-

tomatically incorporate the ESG scorecard into the rating. This approach allows

me to clearly separate the rating from the ESG scorecard and still understand why

the analyst rated the borrower a certain way and applied a weighting within the

scorecard that may or may not have led to an override. Separating these two steps

makes a lot of sense from a validation perspective.�(K1)
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�In our view, our ESG score is nowhere near the level of the Pillar 1 models due

to modeling uncertainty and lack of data quality. Therefore, it is appropriate to

assess such scores separately and not integrate them into PDs. I think it will

happen eventually. But it makes sense that it hasn't happened yet because the

ESG score is not that advanced in terms of data and also in terms of modeling.�

(H1)

However, the use of separate climate-related assessments also has its limitations.

For example, one expert (D1) highlighted that while such scores are currently useful for

integrating climate-related considerations into new business assessments, the long-term

priority should be to simplify the process and integrate all measurable and relevant

factors into rating systems. In particular, this respondent cautioned against the trend

of creating multiple separate scores:

�Why do we need the climate score? It has an important training e�ect for credit

analysts. As an analyst, I need to understand how climate risk a�ects sector risk,

sector by sector (. . . ). My personal view is that a tool like the climate score is the

right thing to have at the moment, because it helps the credit analysts and also

our corporate relationship managers to think about these questions (. . . ). At the

end, we should aim to remove complexity. Anything that can be quanti�ed should,

in my view, ultimately be captured by our established models and made relevant

to PD assessment. At the moment, the trend is the other way round. There is

a tendency to have more and more scores. One for social, one for governance,

one for biodiversity and so on. We are critical of this because, as risk managers,

we obviously want to end up with one metric, one probability of default, that

incorporates all these aspects, rather than ending up with 15 di�erent scores.�

(D1)
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Override framework and margin of conservatism (MoC)

A key challenge related to the integration of climate risks into the Pillar 1 framework

is the issue of time horizon. To comply with the Basel requirements, internal models

for the parameters PD, LGD and CCF have to be developed using long-run average

realized one-year default rates (PD), realized loss rates (LGD) and realized conversion

rates (CCF) (EBA, 2017). As a result, PD estimates not only rely on historical data,

but also have a one-year time horizon, which is shorter than what is typically considered

relevant for assessing climate risks. This creates a misalignment between the short-term

focus of credit ratings and the longer-term nature of climate risk assessments (NGFS,

2022; Gruenewald et al., 2023).

To address this challenge, the institutions in our sample use overrides as an ad-

ditional approach to incorporate climate risks. An override is a manual upgrade or

downgrade of a stand-alone rating (see Figure VII.5). Overrides may be applied when

the stand-alone rating is considered inadequate, particularly when the prede�ned rating

criteria fail to capture risks expected to materialize in the medium to long term. This

issue often arises when certain risks, such as climate risks, are not adequately re�ected

in historical data.

�One possible approach is to adopt an expert-based, forward-looking perspective

by applying upward or downward notching. In such way, the model generates an

initial PD, and adjustments are then made if it is determined that certain factors

are not adequately re�ected in the historical data.�(N1)

For example, the EBA considers that �an override would typically be appropriate if

there are individual circumstances, related to a given obligor or exposures, which the

model reasonably cannot take into account. Such adjusted risk parameters are then used

for the purpose of calculating own funds requirements (. . . ) which in�uences the level

of own funds included in the calculation of capital adequacy ratio� (p.13, EBA 2017).

Thus, overrides directly impact PD estimates, which in turn a�ect the risk weight of an

exposure and, by extension, the capital requirements under Pillar 1 (see Sections VII.4.1
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and VII.4.2 for a more detailed discussion of Pillar 1 capital requirements).

Institutions typically have internal override frameworks that provide guidance to

rating analysts on when and how to e�ectively apply overrides. Several institutions in

our sample have reviewed and re�ned their override frameworks to ensure that climate-

related risks are addressed in such frameworks and that the associated requirements

are well described (e.g., policies and criteria, scale and rationale, list of justi�cations,

documentation, monitoring, etc.).37 In this context, one respondent (K1) noted that

overrides are gaining importance as a tool for integrating climate risks. They provide a

way for institutions to address future risks that may not be captured in historical data,

though the respondent also cautioned against excessive reliance on this practice:

�The option to apply an override is already available, allowing a rating analyst

to make adjustments for various reasons, including ESG-related factors. In the

current environment, I think overrides are taking on a new relevance in a way

that they may not have had before (. . . ). The result of such an override is a �nal

rating that takes into account factors that might otherwise have been overlooked.

However, it is important to note that this also has an impact on the PD best

estimate.�(K1)

In the same vein, one respondent (B2) expressed skepticism regarding the use of

overrides, questioning whether this practice aligns with regulators' expectations from

a Pillar 1 perspective. In particular, this respondent stressed that overrides, which

directly a�ect the PD best estimate, may introduce elements of subjectivity and ar-

bitrariness. In addition, this respondent highlighted the growing regulatory focus on

enhancing the comparability of models results (and, by extension, of capital ratios)

under Pillar 1. Similarly, another respondent (J2) stressed their understanding that

overrides should be used sparingly, even in the context of climate risks:

37See guidelines on human judgement in the application of risk parameters de�ned in EBA (2017).
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�What you want is objective evidence that your model's results are statistically

sound. When you introduce expert-based elements that can't be empirically shown

to improve the model's discriminatory power, you enter a gray area of arbitrariness

or model manipulation. Historically, as far as I know, supervisors have been

hesitant to allow this. There is also growing pressure under the new Basel reforms

to move away from internal models, particularly for portfolios with limited data.

Take the example of so-called 'low default portfolios'. It is becoming increasingly

di�cult to get internal models approved under Pillar 1, and institutions are being

encouraged to adopt the standardized or foundation approaches.�(B2)

�This can be done in exceptional cases, but it should remain the exception. If

overrides occur too frequently, the supervisors will likely raise concerns that the

models are not properly designed (. . . ).�(J2)

The respondents also mentioned the use of a MoC as another approach to account

for climate risks in PD estimates. Given the potential for unpredictable errors in PD

estimates, institutions are required to incorporate an MoC to re�ect a likely range

of errors (BIS, 2022a). This conservative adjustment is shown in Figure VII.5. The

EBA de�nes several categories of MoC to address distinct sources of uncertainty in

the estimated parameters. Category A covers uncertainty related to the data and

methodology de�ciencies; category B covers the uncertainty related to changes in risk

appetite and internal processes; while category C covers the statistical uncertainty from

the estimated parameter (EBA, 2017). This MoC is added to the PD best estimate,

thus in�uencing the calculation of risk weights for exposures and, consequently, the

capital requirements under Pillar 1.

In terms of climate risk integration, gaps in climate-related data may necessitate an

additional MoC, particularly in Category A. Although none of the institutions in our

sample currently apply an MoC speci�cally for climate risks, one respondent (K1) iden-

ti�ed it as a potentially valuable approach for addressing climate-related uncertainties

in PD estimates in the future:
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�Another approach could involve addressing these uncertainties within the margin

of conservatism. For example, one might argue that speci�c uncertainties, like the

CO2 pathway, should be treated as model uncertainties and incorporated into the

MoC. This would allow quantitative uncertainties to be managed within the MoC.

These would then be factored into the capital requirements, even if they are not

part of the PD best estimate. However, this is not a practice currently adopted

in our organization. We typically conduct a qualitative assessment through the

scorecard, which might lead to a downgrade via a rating override. That said, I

do think the MoC approach is a good option. The ECB, naturally, is focused on

ensuring the survival of institutions and therefore a strong focus on su�cient cap-

italization. I believe this approach could be a very good solution to propose to the

ECB. One could highlight the uncertainties around future pathways � whether 1.5

degrees, 2 degrees, or other outcomes � and incorporate them into the MoC, since

they are not captured in historical data. This approach could help to e�ectively

meet regulatory requirements. But for now, this is something that we do not do

internally.� (K1)

In contrast, another expert (E1) stressed the strategic implications of incorporating

climate risks into the MoC, pointing out that such conservative adjustment would have

an e�ect on loan pricing (discussed further in Section VII.4.5) and potentially place an

institution at a competitive disadvantage:

�When it comes to the future integration into Pillar 1, we as an institution are

still at the very beginning. We haven't conducted any quantitative analyses yet,

nor have we developed our internal models to the point where we can say that

we are explicitly considering climate-related risks through speci�c factors in the

modeling. A lot of foundational work is required �rst, and there are also business

strategy implications. If I were to integrate such risk factors into my PD today,

even if only through conservative add-ons, it would immediately impact the client,

in particular the client's conditions. This creates a risk if we implement additional
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risk surcharges that our competitors have not yet adopted. This is, of course, a

strategic business aspect that always needs to be taken into account.�(E1)

Model calibration

One approach, and simultaneously a challenge, in integrating climate risks into ratings-

based models is through the redevelopment or recalibration of these models. As noted

earlier, internal models for the parameters PD, LGD and CCF have to be developed

using long-run average realized one-year default rates (PD calibration), realized loss

rates (LGD calibration) and realized conversion rates (CCF calibration) to comply

with Basel requirements (EBA, 2017). The calibration function for PD parameters is

illustrated in Figure VII.5.

As climate risks start to impact defaults and loss rates, model recalibration may

become necessary. A challenge is that the calibration of PD models has to be based

on a �through-the-cycle� PD, which accounts for defaults over an entire business cycle,

smoothing out short-term economic �uctuations. This approach is considered more

stable and less sensitive to changes in economic conditions than a �point-in-time� PD

(EBA, 2017). A priority in this context is therefore to analyze available data, collected

both via climate-related scoring tools and internal rating systems. Since both ratings

and climate-related scores are updated annually, each new data point can potentially

be used for further model recalibration, as one of the respondents (B1) explained:

�Every year we have another year of observation that we add to our empirical data.

What we do is look at the model on a regular basis and recalibrate it (. . . ). For

example, adjusting the weights in terms of the ratio of qualitative to quantitative

factors or, within the quantitative factors, looking at which ones should have more

weight (. . . ).� (B1)

The fact that PD models have to be calibrated based on a through-the-cycle PD,

particularly due to the number of observations required, represents a challenge when

it comes to climate risk integration, as noted by several respondents (B1, I1, K1, M1,
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N1). For example:

�The issue is that IRB models require a data history that spans an entire economic

cycle. Typically, data goes back at least to 2007 or 2008, sometimes to 2010. The

minimum requirement is generally around seven years. Currently, we are simply

facing a lack of historical data related to climate risks.�(N1)

�We have to develop statistically-based models. One challenge is that we have data

that goes back 10 or 20 years, and the issue of climate risk was not as virulent

then as it is now or as it will be in the next 5 to 10 years. So it is di�cult to �nd

many cases in the historical default data where we can say with con�dence that

they were driven by climate-related events (. . . ). From a Pillar 1 perspective, we

have the requirement to calibrate our models against long-term realized defaults

and losses.�(B1)

�Ratings are trained on historical data including several business cycles. It is an

open question whether the sustainable transformation of huge parts of the the econ-

omy in a relatively short period of time will follow a pattern similar to historical

business cycles.�(I1)

In addition, several respondents (B1, C1, C2, I1, K1, M1) expressed uncertainty

as to whether supervisors would approve an internal ratings-based model incorporat-

ing climate-related drivers without su�cient historical data. While acknowledging the

ECB's expectation that material climate-related risk drivers should be incorporated

into internal models (see ECB 2024a), they pointed out that the ECB has historically

maintained strict standards on data quality and the use of historical data. Further-

more, while a number of institutions are already developing PDs conditional on climate

scenarios38 in other contexts (under Pillar 2), the respondents expressed uncertainty as

to whether the ECB would allow PD models calibrated on the basis of forward-looking

scenarios rather than historical data in the context of Pillar 1. For example:

38We discuss these approaches in Sections VII.4.3 and VII.4.5.
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�The ECB requires extensive historical data, and we have already undergone nu-

merous ECB audits, each time with a strong emphasis on data requirements. After

each audit, it is natural to anticipate the next one and to start thinking about how

to address new issues, especially with regard to climate risks. Based on this ex-

perience, one would not try to incorporate climate risks in a quantitative way at

all costs, but rather focus on qualitative aspects (. . . ). Regarding Pillar 1, my

impression is that convincing the ECB requires a great deal of e�ort, particularly

when it comes to persuading them that we are moving beyond historical data. It

is possible to do so in Pillar 2 and we already do a great deal there, but not in

Pillar 1. In addition, the ECB is a large organization with many stakeholders

involved. Ultimately, what matters to us is what the auditor on site observes and

what they write in the audit report about what we need to change. So far we

experienced limited �exibility to such topics.�(K1)

�It is very di�cult, in particular for European institutions, because the ECB is so

keen on having historical data. In contrast, other supervisors are somewhat more

�exible (. . . ).� (C1)

For example, one respondent (G1) explained that their institution developed a

methodology for credit risk provisions39 that relies on default probabilities conditional

on climate scenario:

�By the end of this year, we plan to integrate the impact of climate scenarios into

the calculation of credit risk provisions. This will have pricing implications, as the

e�ects of these scenarios will be felt from the moment a transaction is originated,

and even for existing transactions in their internal billing. To implement this,

we are developing default probabilities that are conditional on climate scenarios

(. . . ).� (G1)

39This point is brie�y addressed in Section VII.4.5 on loan pricing. However, credit risk provisions
under IFRS 9 are not covered in detail in this study.
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VII.4.3 Pillar II: Integrating climate risks into the ICAAP and

broader risk management

Background and rationale

We now turn to Pillar 2 of the Basel framework. A key aspect of Pillar 2 is the ICAAP. In

accordance with Article 73 of the CRD, institutions are required to implement e�ective

and comprehensive strategies for assessing and maintaining adequate capital amounts

to cover both current and potential risks (ECB, 2018). Consequently, the ICAAP

represents a key internal process aimed at ensuring that institutions have su�cient

capital to meet regulatory requirements and address other capital needs on an ongoing

basis, including under stress scenarios (ECB, 2018).

The key components of the ICAAP are illustrated in Figure VII.7. Alongside a gov-

ernance and internal documentation framework, the ICAAP involves the development

of processes for risk identi�cation, methodologies for risk quanti�cation and the evalu-

ation of capital adequacy through stress testing. Additionally, the ICAAP is intended

to serve as a foundation for other key risk management processes and outputs, such as

de�ning risk appetite, establishing risk metrics, setting exposure limits and allocating

capital internally (ECB, 2018). While being an internal process, the ICAAP also plays

a key role in the dialogue with supervisors, as part of the SREP. The SREP is discussed

in Section VII.4.6.

The ECB stressed that its guide on climate-related and environmental risks (de-

scribed in Section VII.2.1) should be read in conjunction with the ECB guide to the

ICAAP (ECB, 2018, 2020b). The ECB guide to the ICAAP includes seven principles

that promote a forward-looking, comprehensive approach to capital adequacy, focusing

on risk identi�cation, stress testing as well as governance and management frameworks

(ECB, 2018). Unlike the prescriptive nature of Pillar 1, Pillar 2 provides institutions

with considerable �exibility in designing their ICAAP and selecting models and method-

ologies. This �exibility extends to how climate risks are integrated, resulting in a variety

of approaches among the institutions in our sample.
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Figure VII.7: Key components and main outcomes of the Internal Capital Adequacy Assessment Process (ICAAP).

Remark: This �gure describes key features of the ICAAP and is based on ECB (2018).
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Another key feature of the ICAAP is the concept of �capital adequacy�, which corre-

sponds to the �degree to which risks are covered by capital� and is aimed at �maintaining

adequate capitalization� on an ongoing basis (p.39, ECB 2018). It is informed by two

distinct perspectives: a normative (regulatory) perspective and an economic perspective

(ECB, 2018). Institutions are required to ensure capital adequacy through both lenses,

with each perspective complementing and informing the other (see also Section VII.4.3).

The ECB also expects institutions to incorporate climate risks into both perspectives.

Speci�cally, the ECB expects institutions to account for the potential impact of climate

risks on economic value within the economic perspective (ECB, 2020b). This involves

quantifying the potential losses from material risks to capital based on value at risk

approaches and comparing them with measures of internal capital. In addition, the

normative perspective should consider the potential impact of climate risks on future

regulatory and supervisory capital ratios, based on assessments of baseline and ad-

verse scenarios (ECB, 2020b). The integration of climate risks into the normative and

economic perspectives is discussed in Section VII.4.3.

In the following sections, we discuss approaches to account for climate risks in the

ICAAP. Given their critical importance in the climate context, we focus on three ICAAP

components: risk identi�cation, risk quanti�cation and capital adequacy assessment.

These components are closely interconnected and form a sequential process as part of

the risk management cycle, as shown in Figure VII.8. Additionally, we discuss the risk

appetite and risk management processes that result from these core elements.

Risk identi�cation, materiality assessment & risk inventory

We begin with the �rst key component of the ICAAP: risk identi�cation. In this section,

we highlight key features of this process (independently of climate risks), followed by a

more detailed examination of how climate risks are integrated into this process in the

subsequent sections.

As part of their ICAAP, all institutions in our sample conduct a regular, at least

annual, process to identify all material risks to which they are exposed. This process

not only includes climate risks, but more generally serves as a standard procedure
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Figure VII.8: Risk management cycle.

Remark: This �gure shows key steps of the risk management cycle and is based on ECB (2018) and
ECB (2020b).

for identifying material risks and their underlying drivers (ECB, 2018). This process

typically focuses on the short and medium term, covering at least the next three years.

In practice, institutions rely on a time horizon of 3 to 5 years for non-climate risks,

while for climate risks they are encouraged to consider potential developments over a

longer period, extending up to ten years (EBA, 2021).

The ECB de�nes a risk as material if �its materialization, omission or misstatement

would signi�cantly change or in�uence the capital adequacy, pro�tability, or continuity

of the institution from an economic perspective� (p.27, ECB 2018). From a normative

perspective, a risk is regarded as material if it signi�cantly a�ects �relevant regulatory

ratios, including own funds and risk exposure amounts over the planning period� (p.14,

ECB 2018).

The risk identi�cation process typically combines both qualitative and quantitative

methods. In the initial step, it involves developing a comprehensive understanding of

relevant risk drivers and assessing the channels through which the risks may materialize

(ECB, 2022d). In the next step, this process relies on the use of qualitative techniques,
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such as expert judgement, together with quantitative approaches, such as sensitivity

analysis and stress testing, to assess risk levels against prede�ned materiality thresholds.

This process is then expected to result in a comprehensive risk inventory outlining the

identi�ed risks and their characteristics (ECB, 2018). These steps form the basis for

determining the institution's risk appetite, which is further discussed in Section VII.4.4.

Identi�cation of risk drivers and relevance assessment In line with the ECB

guide to the ICAAP (ECB, 2018), the ECB expects institutions to develop a well-

de�ned description of climate risks in their risk inventory (see expectation 4.1 of the

ECB Guide, ECB 2020b), to have a holistic and well-documented view of the impact

of climate risks on existing risk categories (see expectation 7.1 of the ECB Guide, ECB

2020b) and to include climate risks in their materiality assessments (see expectation 7.2

of the the ECB Guide, ECB 2020b). All institutions in our sample already have a risk

identi�cation process as part of their ICAAP and have taken steps to de�ne climate risks

internally, identify relevant risk drivers, and assess how these risks could materialize

and impact existing risk types. We therefore outline key steps of this process, providing

examples of approaches and discussing challenges highlighted by our respondents.

To integrate climate risks into the regular risk identi�cation process, several respon-

dents (E1, H5, K2) noted that a key �rst step is to de�ne and create a comprehensive

list of potential climate-related risk drivers. This list typically distinguishes between

transition risks and physical risks, along with their respective drivers. For example,

one respondent (K2) stressed the importance of creating an internal taxonomy and

de�nition of climate risks:

�First, we developed a taxonomy that clearly de�nes climate and environmental

risks, along with the risk drivers associated with them. Our current framework

categorizes these risks into `physical', `transition', and `other', each with speci�c

sub-drivers. This classi�cation is essential for establishing a shared understand-

ing, which forms the basis for analyzing our risk types and conducting associated

stress tests. This step is crucial to ensuring a consistent understanding within our
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institution.� (K2)

The respondents noted that a common approach is to rely on external sources to

establish an initial list of potential risk drivers. For example, sources mentioned by the

respondents include the EBA report on the management and supervision of ESG risks

(EBA, 2021) and the ECB guide on climate-related and environmental risks (ECB,

2020b), which provide information on various risk drivers, their transmission channels

and their potential impact on prudential risk types.40 In most cases, institutions classify

climate risks as a subset of ESG risks, with the environmental dimension split into

transition and physical risk drivers. These risk drivers, in turn, may a�ect the likelihood

and severity of existing risk types (e.g., credit risk, market risk, operational risk).

Several institutions disclose key climate-related risk drivers in their disclosure re-

ports, identi�ed through their risk identi�cation process. Overall, the list of climate-

related risk drivers considered is typically quite standard and uniform across institu-

tions. For example, one institution (J) notes that it considers physical risk drivers,

comprising both acute (e.g., natural disasters) and chronic (e.g., temperature changes)

physical risks. In terms of transition risks, this institution considers several drivers,

including political and legal pressures on EU banks' business models, green regula-

tions (e.g., stricter environmental standards in sectors such as real estate, transport

and energy), green technologies (e.g., the displacement of non-sustainable products

and services, decarbonization), market sentiment and demand changes, ESG reputa-

tion (e.g., public boycotts due to ESG concerns), ecological protectionism (e.g., interna-

tional trade con�icts triggered by environmental regulations) as well as biodiversity and

ecosystem protection. Similarly, another institution (P) considers both physical (acute

and chronic) and transition risk drivers, including climate-related policy changes (e.g.,

energy e�ciency mandates, carbon pricing), technological shifts and market sentiment

40For example, the EBA recommends considering the following risk drivers for transition risks: policy
risks (e.g., due to energy e�ciency requirements, carbon pricing), legal risks (e.g., due to litigation),
technology risks (e.g., innovation, new technologies replacing others), market risks (e.g., shifts in
consumer choice) and reputational risks (e.g., di�culty in attracting or retaining customers). For
physical risks, the main underlying risk drivers to be considered are acute physical impacts (e.g.,
storms, �oods, �res) and chronic physical impacts (e.g., temperature changes, rising sea levels, reduced
water availability).

VII-348



CHAPTER VII. AUZEPY ET AL. (F)

changes.

An institution's business model and portfolio exposures may also in�uence the initial

scope of relevant risk drivers. For example, institutions with a regional focus may be

able to narrow down the list to a smaller set of climate-related risk drivers, while those

with global portfolios and activities are more likely to consider a wider range. Overall,

the institutions in our sample exhibit a relatively high number of climate-related risk

drivers. For example, one respondent (H5) reported that their institution had identi�ed

26 risk drivers related to the climate dimension, as well as 13 additional risk drivers

for the environmental and nature dimensions. Another respondent (E1) noted that his

institution had so far compiled a list of about 110 risk drivers covering the environ-

mental, social and governance dimensions, including at least 36 risk drivers related to

environmental and climate aspects. Finally, another institution (P) has identi�ed 26

risk drivers for physical risks (both chronic and acute) and other environmental factors,

including water stress, pollution and waste, alone. The list of risk drivers is typically

reviewed annually and adjusted if necessary:

�Various regulatory authorities have established standards in recent years. We

have used these as a minimum benchmark and assessed whether any risk drivers

might be missing from our perspective. Our comprehensive list of risk drivers is

regularly reviewed. If all of your clients are only in Germany, you might not be

so interested in analyzing tsunami risk as a potential risk driver. Although we

have a strong focus on Germany, parts of our portfolio are globally diversi�ed.

We cover virtually all sectors and countries, even if only to a small degree. This

means that, initially, we were able to �lter out very few risk drivers. During the

annual update, we review and discuss these risk drivers with internal experts, and

a materiality assessment is also conducted annually.�(H5)

Institutions commonly further re�ne their list of relevant risk drivers by conducting

a relevance assessment in collaboration with internal risk expert teams. For example,

one institution (H) undertakes this analysis by breaking down its portfolio by sector

and country, and assessing the exposure to various risk drivers within these segments.
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A respondent (H5) from this institution explained the approach as follows:

�We started with a large list of risk drivers and sought to identify the most relevant

ones. Our approach involves assessing the relative portion of our portfolio poten-

tially a�ected by each speci�c risk driver. We �rst ask ourselves: How large is

this portion? We are able to segment our portfolio by industry and country across

all risk types. For example, in the case of credit risk, we know the counterparty

for each credit exposure, the industry it operates in, and the country where it is

located. In parallel, we also collect information on which regions and industries

may be impacted by speci�c risk drivers or remain una�ected. If the portion of

our portfolio that is identi�ed as potentially a�ected by both industry and country

exceeds a speci�c threshold, we consider the risk driver as potentially relevant �

though this is only a preliminary assessment. For example, if a certain threshold

of the portfolio falls within a scenario where both industry and country could be po-

tentially a�ected, the risk driver is considered potentially relevant. In the context

of credit risk, we particularly focus on credit volumes. A more detailed evaluation

may then follow, for example, as part of the bank-wide climate and environmental

stress test.� (H5)

The relevance assessment also contributes to determining the amount of exposures

in the banking book that is exposed to physical or transition risks on an annual basis

(exposure analysis). For example, one institution (P) uses a physical risk heatmap and

a transition risk heatmap, which are both based on a sector assessment (classi�ed by

the NACE economic sector). For the latest physical risk heatmap, ten relevant climate-

related risk drivers were taken into consideration and mapped to the various sectors

present in the institution's banking book. For each of the risk drivers, a low, medium

or high score was attributed based on a qualitative assessment of expected severity

(e.g., expert judgement by sector specialists). Any sector exposure at medium or high

risk is considered sensitive to physical risk. For transition risk, a similar approach

was adopted. The heatmap is based on seven relevant risk drivers related to policy

changes, technological developments and shifts in market sentiment. For each of the
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relevant drivers, a low, medium or high schore is attributed based on a qualitative

assessment. The heatmaps then aggregate the results, providing an overview of the

amount per sector exposed to medium, and high transition or physical risk. These

relevance assessments and heatmapping exercises serve as the foundation for subsequent

actions in terms of measuring the materiality of the risks and implementing e�ective

risk management strategies.

Materiality assessment Materiality assessments are an important part of the risk

identi�cation process in the context of the ICAAP and build on the identi�cation of

relevant risk drivers discussed in the previous section (ECB, 2018). In 2020, the ECB

noted that institutions' methodologies for evaluating the materiality of climate risks

were �limited in terms of depth and sophistication� (p.14, ECB 2020b). Furthermore,

the ECB argued that most institutions lacked adequate tools to assess the impact of

climate risks on their balance sheets. In this section, we discuss examples of materiality

assessment approaches and examine key challenges reported by our respondents.

In its guide on climate-related and environmental risks, the ECB set the expecta-

tion that institutions explicitly integrate climate risks into their materiality assessments

across all business areas, considering short-, medium-, and long-term horizons (see ex-

pectation 7.2 of the ECB Guide, ECB 2020b). In light of these developments, the

institutions in our sample have implemented a variety of approaches to assessing the

materiality of climate risks. A key observation is that institutions typically assess the

materiality of climate risks by considering multiple climate-related risk drivers across

various categories of prudential risk types. Since climate risks may increase the prob-

ability and severity of existing risk types, the materiality assessments generally focus

on evaluating the potential e�ects of individual climate-related drivers from di�erent

angles.

Internal and external data points:

Given the wide range of risk drivers (e.g., �oods, temperature changes, market senti-

ment, CO2 pricing, and energy e�ciency) and their in�uence on di�erent risk types
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(such as credit, market, operational or reputation risk), the respondents stressed that

materiality assessments regarding climate risks require a highly granular and detailed

approach. Such assessments typically involve analyzing di�erent business lines, port-

folios and incorporating di�erent internal and external data points to capture the full

range of potential risk drivers and risk e�ects. Some institutions disclose detailed infor-

mation in their Pillar 3 reports on the data points used in their materiality assessments.

For example, one institution (K) provides a table that highlights speci�c data points

related to physical and transition risk drivers, such as client location data (to evaluate

the link between physical and credit risks) and greenhouse gas emissions data (to assess

the e�ect of transition risk to credit and market risks). Similarly, another institution

(I) uses both internal data, such as greenhouse gas intensities, and publicly available

data from sources (e.g., World Bank hazard maps) to assess transition and physical risk

e�ects. Several respondents (E1, J2, O1, P1) described this process and highlighted its

complexity, for example:

�When assessing credit risk, we examine, for example, our shipping and real estate

portfolios. For instance, we have been collecting data on energy e�ciency labels

from a very early stage, and when these labels are not available, we derive them

ourselves. This allows us to categorize our real estate portfolio according to energy

e�ciency classes. We can analyze the extent to which properties with lower en-

ergy e�ciency are more exposed to transition risks compared to those with higher

e�ciency. In the case of our shipping portfolio, we proactively acquired external

data early on, allowing us to assess how a particular ship aligns with the net zero

trajectory. In addition, we have two speci�c ESG scenarios and also incorporate

ESG factors into other scenarios. For example, our standard downside scenario

includes long-term shipping forecasts, which take into account the potential decline

in demand for certain ship classes. This scenario also provides us with quantita-

tive results that we use in our materiality assessments.�(J2)
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�For us, climate is not a separate risk category but rather a risk driver within the

various types of risk. Therefore, we always need to assess how material a driver

is for credit risk, market risk, liquidity risk, and so on. Within climate risks, we

distinguish between physical and transition risks, and for environmental risks there

are further subcategories, such as biodiversity. Even with physical risks, we delve

deeper into aspects like storms, river �oods, sea-level rise. This creates multiple

dimensions that need to be considered, making the process quite complex. As a

result, our methodology document is over 50 pages long.�(O1)

�In a �rst step, we conduct an assessment to identify potential risks that could be

relevant to the bank. In the second step, a �nancial impact analysis is typically

carried out, based either on expert judgement or on quantitative analyses. We in-

terpret climate risk according to supervisory understanding, i.e., not as a separate

risk type but as risk drivers that can impact existing risk types. For example, for

�ood risk, we assess whether �oods may be material to credit risk, market risk and

operational risk (. . . ). We assess the quantitative impact, and if it exceeds a cer-

tain threshold, the risk driver is considered material. The outcome of this process

is a materiality heatmap, which we produce annually. This is something we repeat

every year. We currently perform this materiality assessment on a gross basis,

without taking into account potential or existing risk mitigation measures, which

are also technically relevant to credit risk, for example natural hazard insurance.�

(E1)

Qualitative and quantitative approaches:

In addition to a wide range of data points, the institutions in our sample use hetero-

geneous approaches and methodologies to assess the materiality of climate-related risk

drivers. Some of these approaches are purely qualitative, while others rely on quan-

titative assessments. The respondents noted that the choice of methodology largely

depends on the time horizon considered (short, medium or long term), as well as the

availability and quality of data. Overall, most institutions in our sample primarily rely
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