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Summaries

Summaries in English

A Deep Structural Model for Empirical Asset Pricing

Over the past decade, the integration of machine learning (ML) models into financial re-
search has led to significant advances. Despite these advances, ML models suffer from a lack
of interpretability and theoretical foundation, limiting financial insight. Structural models,
in contrast to ML models, are inherently theory-driven. Despite the broad range of method-
ologies that “structural models” encompasses, they share a core characteristic: they are born
from theory and are designed to offer explicit predictions and insights into the phenomena
they represent. This paper proposes a flexible framework, a Deep Structural Model (DSM),
for combining the two methodologies, in an attempt to get the best of both worlds: the high
predictability of machine learning and the economic intuition and interpretation of structural

models.

The specific structural model examined in this paper is a modified version of the classic
Merton (1974) model wherein the assets of the firm follow a geometric brownian motion. The
asset drift is the sum of the risk-free rate, a term representing mispricing, and systematic
risk compensation, while asset volatility contains a systematic and idiosyncratic component.
This model jointly estimates the conditional expected equity returns and (co)variances and
enables the analysis of the importance of mispricing relative to systematic risk compensation,

as well as the effect of firm leverage on expected equity returns.

The DSM of this paper suggest that systematic risk compensation is the largest contrib-
utor to the average expected asset return of firms: systematic risk compensation constitutes

64%, with mispricing contributing the remaining 36%. However, mispricing is responsible
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for most of the dispersion in expected asset returns with an annual standard deviation of
13% compared to 7% for the systematic risk compensation component. The model also sug-
gest that it is changes in the aggregate leverage of the economy that is responsible for an
increased equity premium during economic recession, rather than changes to the underlying
asset dynamics of firms. Both of these key results cannot be obtained through the common

implementation method for the Merton model, first proposed by Vassalou and Xing (2004).

Finally, not only does the DSM provide new economic insight, it also provides expected
equity return and (co)variance estimates that outperform pure machine learning models, such
as the ones examined in Gu et al. (2020). These estimates can be used to construct both
long-short and mean variance efficient portfolios, with much higher out-of-sample returns
and Sharpe ratios compared to portfolios formed on the basis of the best performing model

in Gu et al. (2020), namely a standard neural network model.

These results suggest that the Deep Structural Model framework is indeed able to provide
new economic insight, while also having a higher predictive power compared to traditional

methods.

Improving Merger Arbitrage Returns with Machine Learning

This paper attempts to answer two questions: How has the merger arbitrage market evolved
over the last 20 years and can machine learning techniques provide additional insight into
the merger arbitrage market beyond traditional statistical methods? To answer these two
questions, the paper estimates the expected return of individual merger arbitrage trades
using two different approaches: a direct modelling approach and a decomposed modelling
approach. The direct modelling approach is similar to the way expected equity returns are
modelled in Gu et al. (2020), wherein we rely on past realized merger arbitrage returns to
fit a model that is then used for predictive purposes. The decomposed modelling approach
instead tries to estimate the conditional probability of deal success, which can then in turn
be used in a simplified decomposed expression for the expected return of a merger arbitrage
trade. Both of these two modelling approaches make use of machine learning techniques
to model their respective object of interests: the expected merger arbitrage return and the

probability of deal success.
Out-of-sample trading strategies are then created based on the sets of expected returns
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from both the direct and decomposed modelling approach. Analyzing the performance of
these trading strategies reveal that the decomposed expected return estimates lead to strate-
gies with higher absolute and risk-adjusted returns compared to the strategies based on the
direct modelling approach. Furthermore, it is found that the decision tree based machine
learning models, namely a random forest and a gradient boosted trees model, provide more
accurate conditional probabilities of deal success, relative to five other models explored in
the paper.! The decomposed expected returns, based on these two models, are also shown to
be more accurate than those based on the other models. Finally, analyzing the time series of
the cross-sectional average expected merger arbitrage spread shows that after the financial
crisis of '08-'09, the merger arbitrage spread has been significantly lower. Before the crisis it
was about 4% after which it dropped to about 1.5% and has exhibited much less volatility

over the last 10 years.

Pricing of Sustainability-Linked Bonds

Sustainability has become a central concern for governments, corporations, regulators and
investors. A number of financial securities, particularly debt instruments, designed to align
financial incentives with ESG objectives have come to existence in the past decade. For
example, sustainable bonds where revenues from the bond issue are limited to funding ESG
investments, have grown tremendously in recent years. Critics argue that companies have
no direct financial incentive to act ESG-friendly once such bonds are issued. As a potential
solution to this incentive problem, firms have recently begun to issue sustainability-linked
bonds (SLBs). In contrast to sustainable bonds there are no limitations on how the proceeds
are used, but bond cash flows are tied to the company achieving future ESG goals. In a
typical SLB structure, the firm commits to a future carbon reduction target, and if the target

is not met, the bond’s coupon increases.

In this paper, we extensively examine the pricing of SLBs. We calculate the SLB price
premium as the price difference between an SLB and a synthetic identical ordinary bond
with no ESG label. First, we investigate if investors are willing to pay a markup for the ESG
label itself. We find a positive but modest SLB yield premium of 1.9bps, which we call the

“sustainium”. Second, we examine the relationship between the SLB price premium and the

I The five other models are: logistic regression, logistic regression with an elastic net penalty, and three
neural network models with on, two, and three hidden layers, respectively.
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potential extra cash flows that investors receive if the firm fails to meet its ESG targets. We
find that the SLB price premium is strongly positively related to the penalty size associated
with not meeting the ESG targets. This indicates that, as basic financial theory predicts,
the market accounts for the size of optional cash flows. Third, K6lbel and Lambillon (2023)
report that the SLB premium is larger than the sum of penalties, which, if true, would allow
firms to engage in greenwashing by issuing overpriced SLBs with no intention of reaching
the ESG target(s). We find that the average SLB premium is significantly less than the sum
of penalties and, thus, our results suggest no evidence of such greenwashing potential in the
market. Fourth, we calculate the probability of missing the ESG target(s), for each SLB in
our sample, under different scenarios, and find that the average probability of missing the
target is only 14%-39%, depending on assumptions. These results support critics who argue
that the ESG targets set by firms “lack ambition and are too easy to meet”. Finally, we
estimate the risk premium associated with ESG risk for the SLBs, and find that the average
risk premium is negative, providing evidence that SLBs serve as financial hedges against

ESG risk.

Resuméer pa dansk

A Deep Structural Model for Empirical Asset Pricing

I lgbet af det seneste arti har integrationen af maskinlaeringsmodeller (ML) i finansiel forskn-
ing fort til betydelige fremskridt. Pa trods af disse fremskridt lider ML-modeller under en
mangel pa fortolkelighed og teoretisk fundament, hvilket begreenser finansiel indsigt. Struk-
turelle modeller, i modsaetning til ML-modeller, er iboende teoridrevne. Pa trods af den
brede vifte af metodologier, som “strukturelle modeller” omfatter, deler de en kernekarak-
teristik: de er baseret pa teori og er designet til at tilbyde eksplicitte forudsigelser og indsigt
i de feenomener, de repraesenterer. Denne artikel foreslar en fleksibel metode, en Deep Struc-
tural Model (DSM), som kombinerer de to metodologier i et forsgg pa at fa det bedste fra
begge verdener: den hgje forudsigelighed fra maskinleering og den gkonomiske intuition og

fortolkning fra strukturelle modeller.

Den specifikke strukturelle model, der undersgges i denne artikel, er en modificeret ver-

sion af den klassiske Merton (1974) model, hvor virksomhedens aktiver fglger en geometrisk
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browniansk bevaegelse. Aktivernes drift er summen af den risikofrie rente, et udtryk for fejl
prisfastsaetning og systematisk risikokompensation, mens aktivernes volatilitet indeholder en
systematisk og en idiosynkratisk komponent. Denne model estimerer samtidig de betingede
forventede aktieafkast og (ko)varianser og muliggor analysen af vigtigheden af fejl prisfast-
setningen i forhold til den systematisk risikokompensation, samt effekten af virksomhedens

finansielle gearing pa det forventede aktieafkast.

DSM-modellen i denne artikel antyder, at systematisk risikokompensation er den stgrste
bidragsyder til det gennemsnitlige forventede aktivafkast for virksomheder: systematisk
risikokompensation udger 64%, mens fejl prisfastsaetningen bidrager med de resterende 36%.
Dog er fejl prisfastseetningen ansvarlig for sterstedelen af spredningen i forventede akti-
vafkast med en arlig standardafvigelse pa 13% sammenlignet med 7% for den systematiske
risikokompensationskomponent. Modellen antyder ogsa, at det er sendringer i gkonomiens
samlede finansielle gearing, der er ansvarlige for en gget aktiepreemie under gkonomiske
recessioner, snarere end aendringer i virksomhedernes underliggende aktivdynamik. Begge
disse ngglekonklusioner kan ikke opnas gennem den almindelige implementeringsmetode for

Merton-modellen, fgrst foreslaet af Vassalou and Xing (2004).

Endelig giver DSM-modellen ikke kun ny gkonomisk indsigt, den leverer ogsa forventede
aktieafkast og (ko)variansestimater, der overgar rene maskinleringsmodeller, sisom dem
undersggt i Gu et al. (2020). Disse estimater kan bruges til at konstruere bade lang-kort
og middel-varians effektive portefgljer, med meget hgjere “out-of-sample” afkast og Sharpe-
ratioer sammenlignet med portefgljer dannet pa basis af den bedst praesterende model i Gu

et al. (2020), nemlig en standard neural netveerksmodel.

Disse resultater tyder pa, at Deep Structural Model-metoden faktisk er i stand til at levere
ny gkonomisk indsigt, samtidig med at den har en hgjere forudsigelseskraft sammenlignet

med traditionelle metoder.

Improving Merger Arbitrage Returns with Machine Learning

Denne artikel forsgger at besvare to spgrgsmal: Hvordan har markedet for merger arbitrage
udviklet sig over de sidste 20 ar, og kan maskinleringsmetoder give yderligere indsigt i
markedet for merger arbitrage i forhold til traditionelle statistiske metoder? For at besvare

disse to spegrgsmal bliver der i artiklen estimeret det forventede afkast for individuelle merger
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arbitrage handler ved hjeelp af to forskellige tilgange: en direkte modelleringsmetode og en
dekomponeret modelleringsmetode. Den direkte modelleringsmetode ligner den made, for-
ventede aktieafkast modelleres pa i Gu et al. (2020), hvor vi bruger tidligere realiserede
merger arbitrage afkast for at treene en model, der derefter bruges til at forudsige frem-
tidige afkast. Den dekomponerede modelleringsmetode forsgger derimod at estimere den
betingede sandsynlighed for, at en handel lykkes, hvilket derefter kan bruges i et forenklet
dekomponeret udtryk for det forventede afkast af en merger arbitrage handel. Begge disse
modelleringsmetoder anvender maskinleeringsmetoder til at modellere deres respektive in-
teresseobjekter: det forventede merger arbitrage afkast og sandsynligheden for, at en handel

lykkes.

Der bliver lavet “out-of-sample” handelsstrategier der er baseret pa de to seet af for-
ventede afkast fra bade den direkte og dekomponerede modelleringsmetode. En analyse
af handelsstrategiernes pracstationerne afslgrer, at de dekomponerede forventede afkastesti-
mater fgrer til strategier med hgjere absolutte og risikojusterede afkast sammenlignet med
strategierne baseret pa den direkte modelleringsmetode. Desuden viser det sig, at beslut-
ningstraebaserede maskinlaeringsmodeller, nemlig en random forest og en gradient boosted
trees-model, giver mere praecise betingede sandsynligheder for, at en handel lykkes, i forhold
til fem andre modeller undersggt i artiklen.? De dekomponerede forventede afkast, baseret pa
disse to modeller, viser sig ogsa at veere mere praecise end dem baseret pa de andre modeller.
Endelig viser en analyse af tidsserien for det tveersnitsmaessige gennemsnit af forventede
merger arbitrage spreads, at efter finanskrisen i '08-’09 har merger arbitrage spreadet vaeret
markant lavere. Fgr krisen var det omkring 4%, hvorefter det faldt til omkring 1,5% og har

udvist meget mindre volatilitet over de sidste 10 ar.

Pricing of Sustainability-Linked Bonds

Beeredygtighed er blevet en central bekymring for regeringer, virksomheder, regulatorer og
investorer. I lgbet af det sidste arti er der blevet lavet en raekke af nye finansielle veerdipa-
pirer, iseer geeldsinstrumenter, designet til at tilpasse finansielle incitamenter med ESG-mal.
For eksempel er baeredygtige obligationer, hvor indteegterne fra obligationsudstedelsen er be-

greenset til at finansiere ESG-investeringer, vokset enormt i de seneste ar. Kritikere heaevder,

2 De fem andre modeller er: logistisk regression, logistisk regression med en elastic net-penalty og tre neurale
netvaerksmodeller med henholdsvis én, to og tre skjulte lag.

viil



at virksomheder ikke har noget direkte finansielt incitament til at handle ESG-venligt, efter
sadanne obligationer er udstedt. Som en potentiel lgsning pa dette incitamentsproblem er
virksomheder for nylig begyndt at udstede “sustainability-linked bonds” (SLBs). I modsaet-
ning til baeredygtige obligationer er der ingen begraensninger pa, hvordan provenuet anven-
des, men obligations kuponer er knyttet til, at virksomheden opnéar fremtidige ESG-mal. I
en typisk SLB-struktur forpligter virksomheden sig til et fremtidigt mal om reduktion af

kulstof, og hvis malet ikke nas, gges obligationens kupon.

I denne artikel undersgger vi prisfastsaetningen af SLBs. Vi beregner SLB-preemien som
prisforskellen mellem en SLB og en identisk syntetisk obligation uden ESG-mal. Fgrst un-
dersgger vi, om investorer er villige til at betale en preemie for ESG-stemplet i sig selv. Vi
finder en positiv, men beskeden SLB-preemie pa 1,9 basispoint, som vi kalder “sustainium”.
For det andet undersgger vi forholdet mellem SLB-praemien og de potentielle ekstra kupon-
betalinger, som investorer modtager, hvis virksomheden ikke opfylder sine ESG-mal. Vi
finder, at SLB-praemien er steerkt positivt relateret til stgrrelsen af disse ekstra kuponbe-
talinger. Dette indikerer, at markedet, som grundleeggende finansiel teori forudsiger, tager
hgjde for storrelsen af de her potentielle ekstra kuponer. For det tredje rapporterer Kolbel
and Lambillon (2023), at SLB-preemien er stgrre end summen af de ekstra kuponer, hvilket,
hvis det er sandt, ville give virksomheder mulighed for at engagere sig i greenwashing ved
at udstede overprisede SLBs uden intention om at na ESG-malet/maélene. Vi finder, at den
gennemsnitlige SLB-praemie er betydeligt mindre end summen af de ekstra kuponbetalinger,
og dermed antyder vores resultater, at der ikke er noget bevis for potentiel greenwashing pa
markedet. For det fjerde beregner vi sandsynligheden for at misse ESG-malet /maélene for hver
SLB i vores data under forskellige scenarier og finder, at den gennemsnitlige sandsynlighed
for at misse malet kun er 14%-39%, atheengig af hvilke antagelser vi ggr os. Disse resultater
understotter kritikere, der haevder, at de ESG-mal, virksomhederne satter, “mangler ambi-
tion og er for lette at opfylde”. Endelig estimerer vi den risikopraemie, der er forbundet med
ESG-risiko for SLBs, og finder, at den gennemsnitlige risikopraemie er negativ, hvilket tyder

pa at SLBs fungerer som finansielle afdaekninger mod ESG-risiko.
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Introduction

This thesis examines the relationship between risk and return in various areas of the finan-
cial markets. The thesis contains three chapters, which can be read independently. They
represent the culmination of my Ph.D. studies at the Department of Finance, the Center for
Financial Frictions (FRIC), and the Center for Big Data in Finance (BIGFI) at Copenhagen

Business School.

In the first chapter, A Deep Structural Model for Empirical Asset Pricing, I introduce
a novel framework that explores the potential synergy of combining structural models and
machine learning. The aim is to achieve the best of both worlds: high predictability and eco-
nomic interpretability. Using the simple structural model of Merton (1974), I demonstrate
that the framework provides better equity return and (co)variance predictions compared to
leading benchmark models. Furthermore, the model suggests that systematic risk compen-
sation is the main contributor to the average expected equity return, while mispricing is the
largest driver of the dispersion of expected equity returns. Finally, the model provides evi-
dence that firm leverage is the main driver of an increased equity premium during economic

recessions.

The second chapter, Improving Merger Arbitrage Returns with Machine Learning, ex-
amines whether machine learning models can improve the estimation of expected returns for
individual merger arbitrage trades over traditional statistical models. The analysis shows
that using expected return estimates from machine learning models leads to improved merger
arbitrage strategies in terms of both absolute and risk-adjusted returns. Additionally, the
more precise expected return estimates allow for new insights into the aggregate merger

arbitrage market over time.

The third and final chapter, Pricing of Sustainability-Linked Bonds, examines the market

for sustainability-linked bonds, where the bond’s cash flows depend on the issuing firm meet-

xi



ing certain pre-specified ESG targets. The analysis suggests that investors pay a premium
for these bonds, corresponding to a lower yield to maturity of 1-2 basis points. Furthermore,
the results indicate that the sustainability-linked bond market is efficient, with the prices of
these bonds being strongly related to the size of the potential penalty for missing the ESG

targets.
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Chapter 1

A Deep Structural Model for

Empirical Asset Pricing

Abstract

This paper proposes a new type of modelling framework that use machine learning tech-
niques to estimate the parameters of structural models: Deep Structural Models (DSMs).
I implement a DSM with a simple Merton (1974) model as a foundation, and show that
the DSM jointly estimates expected equity returns and (co)variances with higher predictive
power than leading benchmark models. The model is used to form long-short and mean vari-
ance efficient portfolios with significantly higher average excess returns, alphas, and Sharpe
ratios, compared to those formed on the basis of a state-of-the-art machine learning model.
Economically, the DSM suggests that systematic risk compensation is the largest contributor
to the average expected asset return of firms, while mispricing is the primary driver of the
dispersion of expected returns. Finally, the DSM provides evidence that firm leverage is the
main reason for an increased equity premium during economic recessions.

I am grateful for the helpful comments and feedback from Alejandro Lopez-Lira (discussant), Amit Goyal,
David Lando, Grace Xing Hu, Lasse Heje Pedersen, Peter Feldhiitter, Stephen Schaefer, Tarun Ramadorai,
Giovanni Venturato, members of the BIGFI center at Copenhagen Business School, and seminar and
conference participants at the European FMA Doctoral Student Consortium 2023, the HEC Workshop on
Incentives in Finance 2023, and the FMA Annual Meeting 2023. I gratefully acknowledge support from
the Center for Big Data in Finance (grant no. DNRF167).

1



1 Introduction

Over the past decade, the integration of machine learning (ML) models into financial re-
search has led to significant advances. Despite these advances, ML models suffer from a lack
of interpretability and theoretical foundation, limiting financial insight.! Structural models,
in contrast to ML models, are inherently theory-driven. Despite the broad range of method-
ologies that “structural models” encompasses, they share a core characteristic: they are born
from theory and are designed to offer explicit predictions and insights into the phenomena
they represent. This does not come without a cost though: while structural models provide
clear economic insights, it is not clear how to best estimate their parameters, let alone how to
incorporate the vast amount of conditioning information available to econometricians. This
apparent dichotomy between ML models and structural models naturally begs the ques-
tion: can we combine the two and keep the flexibility and predictive power of ML, and the
economic intuition and interpretability of structural models? As Giglio et al. (2022) write:
“..our view is that the most promising direction for future empirical asset pricing research
is developing a genuwine fusion of economic theory and machine learning. It is a natural
marriage...”. This paper is an attempt to officiate such a wedding. I propose a new model
framework, Deep Structural Models (DSMs), that combine ML techniques with structural

models.

Figure 1 illustrates how the DSM framework works by showcasing three different ap-
proaches for modelling an object of interest, y: a deep learning model, a structural model,
and a DSM.?2 When fitting the deep learning model to the data, we start from a point of
observing a set of variables, denoted by X, in the figure, that we assume have some func-
tional relationship with y. We then rely on the deep learning model, represented by the
black-box, to find this functional relationship. In contrast, the structural approach relies
on a set of estimated parameters, denoted by é, that feeds through an economic model to
arrive at an estimate of y.3 The estimation of @ depends on the specific choice of structural

model, but usually relies on some sort of GMM, maximum likelihood, or simulation estima-

I Machine learning has been successful in various predictive tasks within finance, yet it faces unique chal-
lenges in this domain. Israel et al. (2020) provide an insightful discussion on these issues.

2 Deep learning models are a specific type of ML models that are ideally suited for the purposes of this
paper due to their flexibility in terms of customization and optimization. ML and deep learning will be
used interchangeably even though one is a subset of the other.

3 Usually, a structural model has several implications associated with it, which is illustrated by the “Other
Implications” box in Figure 1.



tion. The DSM framework combines the two approaches and models the parameters of a
structural model as functions of the observable data, i.e. y is now only indirectly a function
of Xps through 6. This allows us to keep the ability of ML models to flexibly incorporate all
observable information in the estimation of y, while keeping the transparency of structural
models. The DSM framework can therefore be viewed as a flexible methodology for esti-
mating the parameters of structural models or, alternatively, as an economically motivated

regularization of an ML model.

Deep Learning Models:

Black-Box

Structural Models:

White-Box I \
Other

Figure 1. Three Different Modelling Approaches. This figures illustrates the modelling ap-
proach for three different types of models: deep learning models, structural models, and
deep structural models (DSMs). For all three types of models, the object or phenomenon
of interest is represented by y. X, refers to a set of observable variables, while 0 refers
to a set of estimated parameters for some structural model. The “Black-Box” represents a
deep learning model that transforms X, into an output, while the “White-Box” refers to
the structurally determined transformation of 6 to an estimate of y, as well as any other
implications associated with the structural model.

The specific structural model examined in this paper is a modified version of the classic

Merton (1974) model wherein the assets of the firm follow a geometric brownian motion
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(GBM). The asset drift is the sum of the risk-free rate, a term representing mispricing,
and systematic risk compensation, while asset volatility contains a systematic and idiosyn-
cratic component. This model jointly estimates the conditional expected equity returns and
(co)variances and enables the analysis of the importance of mispricing relative to system-
atic risk compensation, as well as the effect of firm leverage on expected equity returns.
The GBM parameters are modelled as functions of 238 firm-specific characteristics and 45
macroeconomic variables, and the model is estimated on a comprehensive dataset of eq-
uity returns spanning 1950-2021 with around 3.2 million firm-month observations containing
23,422 unique firms. After fitting the model, I use analytically derived expressions for the

expected equity returns and (co)variances and find the following key results:

1. The Role of Mispricing. Systematic risk compensation is the largest contributor
to the average expected excess asset return, while mispricing is responsible for most
of the dispersion. Systematic risk compensation contributes 63.73% to the average
expected excess asset return, while mispricing only contributes 36.27%. The standard
deviations of the systematic risk compensation and mispricing parameters are 6.85%

and 12.51%, respectively.

2. The Role of Leverage. Firm leverage, rather than the underlying asset dynamics,
is responsible for an increased equity premium during recessions. The estimated asset
parameters are stable through recessions, yet the time series dynamics of leverage cause
the equity premium to increase. I find that the equity premium peaked at 15% during
the financial crisis of 2008-09.

3. Equity Return Prediction. The DSM provides more accurate firm-level estimates
of the expected equity return than existing state-of-the-art ML models. Different
specifications of the DSM provide out-of-sample R? values in the range of 0.74-0.80,

compared to 0.56 for a neural network (NN) benchmark.

4. Long-Short Portfolio Performance. The more accurate equity return predictions
from the DSM lead to better performing long-short portfolios. Portfolios based on the
DSM predictions outperform the NN benchmark in terms of both excess returns and
annualized Sharpe ratios: the DSM portfolios have average monthly excess returns
(annualized Sharpe ratios) in the range of 2.63-3.10% (1.43-1.67) compared to the NN
benchmark portfolio of 1.91% (1.08).



5. Variance Forecasting. The DSM estimates future firm-level equity return variances
better than a GARCH(1,1) model. The DSM variance forecasts has an out-of-sample
mean squared error that is 23.89%-24.65% lower than the GARCH benchmark. Re-
gression results confirm that the DSM predictions explain a higher proportion of the

variance with an R? value of 0.42 compared to 0.39 for the GARCH benchmark.

6. Mean Variance Efficient Portfolios. Mean variance efficient (MVE) portfolios,
formed on the basis of the expected equity returns and covariance matrix, perform
even better than the long-short portfolios. I form both a leverage constrained and
a short constrained MVE portfolio that are re-balanced on a monthly basis. The
best performing leverage constrained MVE portfolio achieves a monthly average excess
return of 4.89% with an annualized Sharpe ratio of 3.96, while the best performing short
constrained MVE portfolio has a monthly average excess return and Sharpe ratio of
4.58% and 1.93, respectively. For comparison, the S&P500 index delivered an average

monthly excess return of 0.60% and a Sharpe ratio of 0.48 over the same time period.*

This paper touches upon several strands of the literature. While I implement a modified
version of the Merton (1974) model, that was not the only possible choice. The literature on
structural credit risk models has since the publication of Merton (1974) added additional eco-
nomic mechanisms: Black and Cox (1976) introduce a default boundary and Leland (1994)
accounts for bankruptcy costs and the tax benefits of debt. More recent advancements in-
clude Du et al. (2019), who models the firm’s asset volatility as stochastic, and Feldhiitter
and Schaefer (2023), who incorporate stochastic debt dynamics. Vassalou and Xing (2004)
also implements the Merton (1974) model on a firm-level basis using an iterative estimation
technique and uncover the so-called distress risk puzzle. Bharath and Shumway (2008) use
a much simpler firm-level estimation technique to show that it is the functional form of the
Merton (1974) model, rather than the specific implementation of it, that matters when using
it for default prediction. ML has, in part, gained popularity within finance for its ability to
overcome the curse of dimensionality: a large number of factors and characteristics has been
put forth in the literature for explaining the cross-section of equity returns, leading to the
so-called “factor zoo” as Cochrane (2011) put it (see Harvey et al. (2016), Hou et al. (2020),

and Jensen et al. (2022) for an overview of the many factors proposed in the literature).

4 These numbers are gross of transaction fees and should not be viewed as achievable by an investor. The
MVE portfolios serve as a testament to the DSM’s ability to accurately model not only expected equity
returns but also covariances.



Freyberger et al. (2020), Feng et al. (2020), and Kozak et al. (2020) use various shrinkage
methods on a large set of factors and characteristics to construct stochastic discount fac-
tors, while Bryzgalova et al. (2020) and Chen et al. (2023) extend this idea to non-linear
ML techniques. The idea of modelling structural parameters as functions of contemporary
observable variables is heavily inspired by Kelly et al. (2019) and Gu et al. (2021) who use
a multitude of characteristics to determine conditional betas for equity returns in a latent
factor model. Bali et al. (2020) use the structural model of Du et al. (2019) to motivate
the use of hedge ratios for predicting corporate bond returns. They use different statistical
methods, including ML models, to estimate expected equity returns and hedge ratios, which
they then use to predict bond returns. Their paper is a great example of how to use financial
theory and ML techniques in conjunction with each other. While their methodology achieves
significantly better bond return predictions than traditional models, they do not estimate
the underlying parameters of their structural model, and so their predictions are still of a
“black-box” nature. This paper differs since I directly estimate the underlying firm-level
asset dynamics, which not only allows us to analyze these estimated parameters, but also
enables us to use analytically derived predictions for firm-level expected equity returns and

(co)variances.

The paper proceeds as follows: Section 2 introduces the structural model, its implications,
and the empirical implementation using ML. Section 3 gives an overview of the data and

analyzes the out-of-sample performance of the DSM, and finally, Section 4 concludes.

2 Model

2.1 A General Model

It is assumed that all systematic risk in the economy can be characterized by K independent
Brownian motions By, for k = 1,..., K. The price of risk associated with each Brownian
motion is time-varying and is denoted by Ap;. In addition to the systematic risks, each
firm, denoted by i, is also exposed towards an idiosyncratic risk represented by another

independent Brownian motion, £;. The asset value for firm ¢ at time ¢, Vj;, is then assumed



to follow a (K + 1)-dimensional geometric Brownian motion:

K K
dVis = <7“ft — O+ o+ Y 51cit/\kt> Viedt + > Brit Vied Biy + €t VirdEi (1)
k=1 k=1

Where 7, denotes the risk-free rate, d;; is the firm-wide payout, a;; is compensation unas-
sociated with any risk exposure and can be viewed as a mispricing or arbitrage term, [y is
the risk exposure of firm ¢ at time ¢ towards the systematic Brownian motion By, while € is
the risk exposure towards the idiosyncratic Brownian motion &£;. For convenience, equation

(1) can also be written in matrix form:
dViy = (T’ft — 0t + e + 55)\15) Viedt + /Bg;‘/itdBt + €, ViedEyy (2)

Where 3, A, and B; are now all K x 1 vectors containing the systematic risk exposures,
prices of risk, and systematic shocks, respectively. The stochastic process presented in (2) is
standard in the asset pricing literature, although it is commonly expressed more succinctly
as:

AV = piVipdt + 03 Vi dWy (3)

Which, given the representation in (2), means that:

Mg = Tpe — 04 + Qg + B (4)
0 = \/BLBu + & (5)
1
AWy, = (B1dB, + eudés) (6)

\ ﬁgﬁzt + E?t

Despite the subscript on the single Brownian motion, Wy, it is important to note that firm

1 is still exposed towards the K systematic risk factors.

2.2  Simplifying Assumptions

Now, assume that the contingent claims to the firm’s assets are defined as in Merton (1974).
That is, at time ¢, each firm has two contingent claims to its assets: A single class of

debt with a market value of D; that promises a single cash flow at time ¢t 4+ 1 equal to
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Fj.q, and equity, Ej;, which is the residual claim to the firm’s assets. If, at time ¢ 4 1,
we have that Vj;.1 > Fj;41, then bondholders collectively receive Fj;; and equity holders
receive Vi1 — Fjir1. On the other hand, if Vi1 < Fj11, then bondholders receive Vi 4
and equity holders receive nothing. Thus, the terminal values of debt and equity can be
written as D1 = min[Fjyq, Vi) and Eyq = max|Vii — Fiy1,0]. Additionally, the firm
is restricted from issuing new debt, paying dividends, or buying back shares before time
t + 1. This means that in the context of the general model in Section 2.1 we have that

Let X,;; be a N x 1 vector containing a set of observable firm characteristics for firm ¢
at time t. Then, let Z; be a M x 1 vector of observable macroeconomic variables shared
among all firms at time ¢. Both X;; and Z; are assumed constant between t and ¢ + 1.
For each systematic shock, k, it is assumed that there exists two sets of functions that map
the observable variables into firm risk exposures and market prices of risks, respectively.
Each risk exposure function, denoted [, transforms the firm characteristics into a single
value, 3, : RY — R, while each market price of risk function, denoted )j, depend on the
macroeconomic variables, A, : R® — R. Like the S,-functions, both the mispricing term,
oy, and the idiosyncratic risk exposure, €;, are functions that solely depend on the firm
characteristics, a : RY — R and € : RY — R. Finally, the risk-free rate ry; is assumed to be

constant between between ¢ and ¢ + 1.

With these simplifying assumptions, we can rewrite the asset process of firm i from
equation (3):
d‘/;t = ,U(Xity Zt)‘/ltdt + O'(Xit)‘/;tdwit, Vit <t+ 1 (7)

Where the “transformation” equations (4)-(6) become:

W(Xiv, Zy) = rp+ o Xip) + B(Xir) " A(Zy) (8)
0(Xir) = \/B(Xit)TB(Xir) + e Xir)? (9)
AWy = ! (/B(Xit)TdBt + E(Xit)dgit> (10)

VB(Xi)TB(X ) + e(Xi)?

Since it is clear from equations (7)-(10) which functions depend on X, Z;, or both, the

observable variables are omitted in the notation for the sake of simplicity, and a subscript



of i is added to functions that depend on Xj;;,. Similarly, a subscript of ¢ is added to the
parameter functions, but it is important to note that this indicates the parameters are time-
varying because of time-varying function inputs and not because the parameter functions
themselves are time-varying, i.e. 3(:) does not change but its input variables, X;;, varies

across firms and time.

2.3 Model Implications

This section describes the analytical properties of the model presented in Section 2.2. Some
of these properties, such as the implied default probability, are well-known in the literature,

while others, such as the expected equity return and (co)variance, are not.

Default Implications

Let 1y, ,<F,., be an indicator variable equal to one if firm 7 defaults at time ¢ + 1. The
probability of this event is the implied default probability of Merton (1974):

Tt = E[]IVZ

t+1<Fit+1]

=®(—DDy)

(11)

Where ®(-) is the cumulative standard normal distribution and DD;; is the distance to

default:

2

DD = tn (#il) + iy — 7

(12)

Ot

Equity Implications

In a setting such as this, we know that the equity of the firm can be viewed as a European

call option on the underlying firm assets, i.e. the current equity value can be expressed as:

Ei = ‘/;t@(dlit) — Fira eXp{_T‘ft}@(d%t) (13)

Where:

(14)



dojt = dyit — o4 (15)

At time t + 1, the equity value of a firm is equal to the asset value of the firm minus the
face value of debt bounded below at 0. When the asset value of a firm follows a Geometric
Brownian motion we know that the terminal (or in this case, the time ¢ + 1) asset value is
log-normally distributed, which means that we can view the time ¢ + 1 equity value as a

mixture distribution of a constant 0 and a shifted log-normal distribution truncated at 0:

({2 ) () )
1 it
Eg+1 = 10 (Fis1) + (Borr t Py ) /2n0% expq — 207 U(Fis1) (16)

Where 6(-) and U(-) are the Dirac delta and the Heaviside step functions, respectively.?
From an empirical standpoint, it is more convenient to work with the density function for
the equity return:
<ln (1+Tu,+1>1.“3u+Fz'L+1 7(1”157”7%))2
1 — ( i ) U(1+rit+1) (17)

exp 3
F 207
1471+ g:l ) 2mo? Tit

Ly = mird(1+ rigp1) + (

Equation (17) is employed to fit the model to the data, however, to conduct an out-of-sample
analysis of equity return predictions, variance predictions, and portfolio optimization, we
need expressions for the expected equity returns and (co)variances. These are shown in

Appendix 5.1 to be:

Et+1
Ei

Vi
Elrisp1] = ! exp{pi}® (DD + oiy) — (1 — my)

i —1 (18)

And:

Cov[rit-i-lv Tjt-l—l] = (1 — Tt — Tyt + COV[ILWt+1 <Fit419 ]]‘VjtJr1<th+1] + Tritﬂ-ﬁ)
1

X %E[Eit-i-lEjt-i-” min[ﬂ“/it+1>Fit+l7 ]]"/jt+1>th+1] = 1} (19)

— (14 E[rip1]) (1 + E[rjiqa])

® Be aware of the slightly confusing notation in equations (16) and (17): 7 is the default probability of
firm ¢ at time ¢, whereas m without a subscript refers to the mathematical constant.
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In the case where i = j, i.e. the variance, equation (19) has the closed-form solution:

1
Var[ritﬂ] = ﬁ (E[‘/z§+1]q) (Dth —+ 20'“) — V;% eXp{2M2t}CI) (Dth + Uit>2
1t (20)
— 2V exp{pit } @ (D Dy + 04) mit Fipq + (1 — Wit)ﬂ-itFi%_H)
Where:
EVi] = Vid exp {2 + 0} (21)

To avoid using the computationally expensive procedure of numerically estimating the co-
variance matrix with equation (19), T use asset return correlations as a proxy for equity
return correlations. Specifically, the asset return correlation between firm i and j, at time ¢,
can be analytically calculated as:

v _ BB+ Licjeue)e

= 22
pz]t Oitajt ( )

Then, using pz‘gt as a proxy for the equity return correlation, the equity return covariance

between firm ¢ and j is estimated as:

Cov[rittr, Tjes1] = P;;t\/vaf[ﬂ‘wﬂvar[?“jwl] (23)

2.4 Empirical Implementation

While the theoretical framework assumes knowledge of the model parameters, this is not the
case in practice. In fact, the only value we can reasonably assume to be observable is Fj,
which is calculated as the total number of shares outstanding, S;;, times the price of each
share, Py

Ey = SuPj (24)

Since each firm has a lot of different debt instruments in practice, it is not clear how we
should measure the debt value of the theoretical framework, D;;, or the face value Fj; ;. 1
follow the convention of previous literature, such as Vassalou and Xing (2004) and Bharath

and Shumway (2008), and estimate the face value of the debt as short-term debt, F;37,, plus
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half of long-term debt, FjiP,:
Fipp = Effl + 0‘55%51 (25)

The market value of debt is then estimated by discounting the face value with the risk-free

rate:”

Dy = Firq eXp{—Tft} (26)

To find the total firm value add the values of equity and debt:
Vit = Eit + Dyt (27)

There are no theoretical constraints on the mispricing function, «, the risk-exposure func-
tions, [, the prices of risk functions, Ay, or the idiosyncratic asset volatility function, e.
This is where the “Deep” part of the “Deep Structural Model” comes into play: in order to
keep the overall model as flexible as possible, the «, Bk, A, and € functions are all modelled
as neural networks. Specifically, they will be structured as standard feed-forward neural
networks with 1 hidden layer.® An illustrative example of the parameter functions, can be
seen in Figure 2. From the figure, we see that each function takes its input variables (either
X, or Z;) and passes it to a set of hidden nodes. At each hidden node, some linear combi-
nation of the input variables is passed through an activation function. The machine learning
literature proposes a wide range of activation functions, but a particular common one is the
rectified linear unit (ReLU) function, which will be utilized by all hidden nodes across the
parameter functions:

ReLU(z) = max|[z, 0] (28)
The hidden nodes in Figure 2 will therefore have the following functional forms:

N
h%ﬁ/e = max ag/ﬂ/e + Z b%ﬁ/exmt, 0 (29)
n=1

6 Short-term debt and long-term debt is defined as “Debt in Current Liabilities - Total” and “Long-Term
Debt - Total”, respectively, from the Compustat database.

7 This is obviously a major simplification as there should be some yield spread added to the discounting.
However, due to the lack of good firm-level yield spread proxies that covers the entire data set described
in Section 3.1, I follow a similar simplified debt value estimation as Bharath and Shumway (2008).

8 Tt is possible to add more hidden layers to the functions, however, the results shown in Section 3 generally
deteriorate when more hidden layers are added.
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= Observable variable Q = Function = Output

Figure 2: The Parameter Functions. This figure shows the general structure of the parameter
functions of the asset value process, where a//¢ indicates that o and € has the same function
structure. Each function takes a vector of inputs (X;; for a, 8 and €, and Z; for X) and passes
them along to G hidden nodes. Each of the hidden nodes transform a linear combination of its
inputs to a single positive real number through the ReLU function (ReLU(z) = max[z,0]).
Finally, the outputs from each hidden node are passed to a number of output nodes (K
output nodes for 3 and A and 1 for @ and €) each of which outputs some linear combination
of its inputs, i.e. the activation function of all the output nodes is the identity function,
I(z) ==

M
h;\t = max a; + > bg‘mymt, 0 (30)
m=1

Where a/f /e indicates that the function structure is the same for «, 3, and €, while g €
1,...,G with G being the number of hidden nodes.? All outputs from each of these hidden
nodes then feed into a set of output nodes, that, similarly to the hidden nodes, transforms
the linear combination of its inputs into a single real number. All output nodes utilize the

identity function, I(z) = x, which means their functional forms are:

G
05/ = a4 3" b/ nok (31)
g=1
B B & B 18
Opir = @ + > DgiIgit (32)
g=1
a
Op = ap + Y byhoy, (33)
g=1

9 The choice of G is arbitrary and could be treated as a hyperparameter, however, for simplicity this paper
use G = 32.
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All parameters associated with the a, S, Ay, and € functions in equations (29)-(33) are

denoted 8%, 8%, 6*, and 0¢, respectively.

Putting it all together, the complete Deep Structural Model of this paper can be viewed
as a neural network, with an architecture imposed by the structural model of Section 2. A
full general model illustration can be seen in Figure 3. The specific loss function used to

train the model, along with the training procedure itself, can be found in Appendix 5.2.

Structural Layer Output Layer

Deep Layer

Figure 3: Deep Structural Model Architecture. This figure shows the full architecture of the
DSM of this paper. At the bottom we have the “Deep Layer” where all observable inputs,
X;; and Z;, feed into the « function, the risk exposure functions, i, ..., Bk, market price of
risk functions, Ay, ..., Ax, and the idiosyncratic asset volatility function, €. In the middle we
have the “Structural Layer” containing all the structural parameters. Finally, at the top, we
have the “Output Layer”. This layer is essentially all the implications associated with the
structural model, however, the output shown in this figure is limited to the equity return
likelihood function as that is the only object used for training the model.
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3 Empirical Results

3.1 Data

The primary data source for the empirical analysis is the combined US Compustat and CRSP
data from Jensen et al. (2022), which has been provided by the authors. The data set includes
4,135,225 firm-month observations from 1925-2021. I exclude firm-month observations where
one or more of the following variables is missing: (company wide) market equity value, short-
term debt, long-term debt, or one-month ahead equity return. This removes all firm-months
in the early part of the sample, leaving a total of 3,197,609 firm-month observations from
1950-2021 for the actual empirical analysis. For the firm specific characteristics, I use the 153
variables used as the basis for the 153 factors explored in Jensen et al. (2022). Additionally,
a set of industry dummies based on the first two digits of a firm’s SIC code (including a
missing SIC dummy) are added as firm characteristics. This means that X;; € R?3. For the
macroeconomic variables I use the 14 variables in Welch and Goyal (2008) that covers the
full time-period 1950-2021, alongside with the monthly S&P500 return.!® I augment these
15 macroeconomic variables by taking the quarterly and yearly changes,!* so that Z, € R%.
The macroeconomic variables are all extracted from Amit Goyal’s personal website, from
which an estimate of the monthly risk-free interest rate, 7y, is also extracted. The data is
then split into a training set, 77 (1950-1974), a validation set, 75 (1975-1984), and a test
set, T3 (1985-2021). Additional information regarding data preprocessing can be found in
Appendix 5.3.

3.2 The Estimated Model Parameters

Panel A of Table 1 reports the out-of-sample distribution of the annualized parameters,

for the DSM with K = 5.2 The expected excess asset return p; — 7, parameter has an

average of 6.01%, a standard deviation of 12.87%, and the empirical distribution has heavy

tails as indicated by a p10 and p90 value of -7.24% and 19.58%, respectively. Breaking down
2.18

[t —7 f¢ into its constituent parts: a;, and B\, we see that they contribute 36.27% (m) and

10 Specifically, b/m, d/e, d/p, d/y, dfr, dfy, e/p, infl, Itr, Ity, ntis, sp500ret, svar, tbl, tms.

11 For sp500ret and dfr, the quarterly and yearly returns are used instead.

12 As will become clear in the coming sections, the DSM specification with K = 5 is the best performing
model, however, similar distributional results are obtained for Table 1 when using K € 1,2,3,4,6.

15



63.73% (%), respectively, to the average value of p;; — 7y Thus, the DSM suggests that,
on average, the biggest contributor to the average expected excess asset return is systematic
risk compensation, rather than mispricing. The contribution of «; ranges from 29.95% to
39.11% across the 6 different DSM specifications with K € 1,...,6. It is worth noting that
while ay; is the smallest contributor to the average expected excess asset return, it is highly
dispersed as indicated by a standard deviation of 12.51%, which is significantly larger than
the standard deviations of 6.85% for 8;\;. This means that while the location of the expected
asset return distribution is primarily determined by systematic risk compensation, the scale
and tails are driven by the mispricing term. This effect seem to be largest at the left tail of
the distribution, meaning that a negative expected asset return is more likely to be caused
by overpricing (negative «;;), rather than because the firm’s assets act as a hedge against
systematic risk exposure (negative [ A;).

‘ Mean  Std. ‘ pl10 p25 pd0 p75 p90
Panel A: Annualized DSM Parameters

Hit — Tft 6.01 1287 | -7.24 098 526 1090 19.58
- Qi 2.18 12,51 | -12.01 -3.25 2.69 824 15.29

- BEN 3.83 685 | -3.22 -0.50 280 6.19 12.30
Oit 34.69 16.40 | 17.26 23.08 30.78 43.40 57.61

-/BEBy | 3378 1588 | 16.54 22.01 29.44 41.70 55.43

/e 790 697 | 059 284 6.04 11.19 17.44
Ly = 2 18.94 21.16 | 0.00 149 11.09 29.68 52.65

Panel B: Annualized Expected Equity Returns
Elris1] — 7 \ 8.24 19.33 \ -8.99 1.06 7.15 14.04 24.81

Table 1: DSM Parameter and Fxpected Equity Return Distributions. This table shows the
out-of-sample distributions of the annualized parameters for the DSM with K = 5 (Panel
A), along with the distribution of the annualized expected equity return (Panel B). The
two first columns indicate the mean and standard deviation, while the rest denote specific
percentiles of the distributions. All values are reported in percentages.

Looking at o;;, the DSM estimates an annualized average asset volatility of 34.69%.
This is somewhat higher than previous literature such as Schaefer and Strebulaev (2008)
and Feldhiitter and Schaefer (2018) who estimate an average annualized asset volatility of
22% and 25%, respectively. These estimates, however, are based on samples of corporate
bonds which are likely skewed towards larger firms. Limiting the sample of this paper to
the 1,000 largest firms of each cross-section, as measured by market equity, reduces the
average annualized asset volatility to 25.96%. Looking at the constituents of o;: \/%

and /€2, it is clear that the vast majority of asset volatility is coming from systematic,
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rather than idiosyncratic, volatility. Both the mean and standard deviation of \/SL 3 is

almost identical to that of oy itself. The actual proportion of the average asset volatility

33.782
34.692

88.05%-98.19% across the six different DSM specifications with K € 1, ..., 6.

coming form systematic risk exposure is 94.82% ( ) and this proportion ranges from

Leverage, as defined by the ratio of the estimated market value of debt, D;;, to the overall
market value of the assets, Vj;, has an average value of 18.94%, but is heavily right-skewed
with a substantial minority of firms having little to no debt. Leverage has a profound effect
when moving from the distribution of 1;; —7¢; in Panel A to the expected excess equity return
distribution of Panel B: the average expected excess equity return is 8.24% which represents
an increase of 37.10% over the average value of y;; — 7. Even more striking is the increase
in the dispersion when moving from expected asset returns to expected equity returns: the
standard deviation jumps to 19.33%, which represents a 50.19% increase. This is consistent
with the empirical findings of Doshi et al. (2019) that leverage has a large impact on the

dispersion of equity returns.

A central part of the empirical analysis in this paper is to compare the results of the
DSM with those from implementing a firm-level Merton model, using the methodology in
Vassalou and Xing (2004), which will be referred to as the “KMV method”. Table 2 reports
the mean and standard deviation of the annualized parameters from both the DSM (re-
posted from Table 1 for convenience), the KMV method, as well as their correlations across
all observations in the test set, 73.'> From the table, we see that the KMW methodology
provides a much more dispersed estimate (55.84% vs 12.87%) of the expected excess asset
return, with a lower mean (2.50% vs 6.01%), compared to the DSM. The correlation of the
expected excess asset return between the two methodologies is also close to 0 indicating that
they provide fundamentally different estimates of p;. In terms of the asset volatility, oy,
the two methodologies provide more correlated estimates, with a correlation coefficient of
0.60, although the KMV estimate is once again more dispersed (30.85% vs 16.40%), while
this time having a larger mean (44.12% vs 34.69%). For the estimated leverage, L;, the
two methodologies provide practically identical estimates, which is unsurprising given that
leverage is calculated almost the same way in the DSM framework as in Vassalou and Xing

(2004).

13 Note that the KMV method does not allow for a decomposition of the drift or volatility of the firm’s
assets, which is why only ;s — 74, 04, and L;; are reported.
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DSM KMV
Mean  Std. Mean  Std. Correlation
it — T gt 6.01 12.87 2.50 55.84 -0.01
Oit 34.69 16.40 44.12  30.85 0.60
Ly = 3;; 18.94 21.16 18.56 21.05 1.00

Table 2: DSM and KMV Parameter Comparison. This table compares the out-of-sample
annualized parameters for the DSM with K = 5 and the KMV methodology presented in
Vassalou and Xing (2004). The two first columns report the mean and standard deviation of
the parameters, respectively, for the two methodologies, while the last column reports their
correlations.

Figure 4 plots the time series average of the expected excess asset return for the DSM
(Panel A and B) and the KMV method (Panel B). From panel A, we see that the time
series of ji; — 1y, as estimated by the DSM, shows a high degree of short-term time series
variation, but has no clear time trend or interaction with recessions (as indicated by the
shaded red areas). This is in contrast to the KMV time series. The large panel dispersion
of the KMV estimates of p;; from Table 2, translates into a large time-series variation as
well. The average expected excess asset return of the KMV method is within the range of
-60% to 60%, compared to -10% to 10% for the DSM. Furthermore, the KMV time series
exhibits a clear pro-cyclical behaviour. This is unsurprising given that p; relies on historical
equity returns during the estimation procedure (see Vassalou and Xing (2004) for details),
i.e. during economic downturns when the market experiences large negative equity returns,

Wit is also estimated to be very negative.

Figure 5 shows the estimated cross-sectional average asset volatility, o, (Panel A), and
leverage, L, (Panel B), for both the DSM and the KMV method. For the DSM, the average
asset volatility is quite stable over short time periods, but there is a slight upwards trend
over the sample period from around 30% to 40%. Again, this is in contrast to the time-
series of the KMV method, which is highly volatile over the sample period with a range of
30% to 70%. For the average asset volatility of the DSM, there is yet again no interactions
with the underlying business cycle, while for the KMV method we now see a counter-cyclical
behaviour, in which the estimated asset volatility is low during normal times and large during
recessions. This, taken in conjunction with Figure 4, shows that the DSM suggests that the
underlying asset parameters of firms are quite stable over time with no cyclical behaviour,
which is in sharp contrast to the parameters provided by the traditional estimation method

of Vassalou and Xing (2004). In terms of the time series of leverage, we see that the two
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Figure 4: Ezpected Excess Asset Return Time Series. This figure plots the out-of-sample
time series of the cross-sectional average annualized expected excess asset return, fi; — 7.
Panel A only shows the time series from the DSM specification with K = 5, while panel B
shows both the DSM and the KMV time series. The time periods shaded in red indicate
(NBER) recessions.

time series are (unsurprisingly) practically identical. However, it is very important to note
the counter-cyclical nature of leverage: as equity prices fall during economic recessions, the

leverage of firms go up.

Figure 6 plots the time series of the estimated equity premium for the DSM (Panel A and
B) and the KMV method (Panel B). It is calculated as the cross-sectional value-weighted
average of the expected equity return of all firms minus the risk-free rate. For comparison,
the SVIX time series of Martin (2017) is also shown in the figure.!* The equity premium
of the DSM is generally above the SVIX, which is theoretically justified as it represents

14 The SVIX time-series is extracted directly from Ian Martin’s personal website and covers the time period
from 1996-2011.
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Figure 5: FEstimated Asset Volatility and Leverage Time Series. This figure plots the out-
of-sample time series of the cross-sectional average annualized asset volatility (Panel A) and
leverage (Panel B). The DSM estimates are from the specification with K = 5. The time
periods shaded in red indicate (NBER) recessions.

a lower bound, and their correlation is 0.41. Both time series peak during the financial
crisis of 2008-09, although SVIX peaks at 25% whereas the DSM’s estimate peaks at 15%.
The fact that the equity premium of the DSM exhibits this counter-cyclicality might seem
puzzling, given that the time series of ji; — s in Figure 4 shows no such tendency. However,
as mentioned, we saw in Panel B of Figure 5, that leverage had this exact same counter-
cyclical behaviour. This suggests that the underlying asset dynamics of firms might be more
stable than suggested by the literature: the time series dynamics of leverage is enough to
create time series dynamics of the equity premium that are consistent with other empirical
research, such as Martin (2017). Looking at Panel B, we see that the equity premium of
the KMV method is on a completely different scale than the equity premium of the DSM
and the SVIX. It ranges from -150% to 200% over the sample period and exhibits the same
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pro-cyclicality that we see in the KMV time-series of ji; — ry in Figure 4. The fact that
the KMV method provides an estimated equity premium that is so inconsistent with both
theory and other empirical observations, suggests that the structural parameters of the DSM

are more accurately estimated than those from the KMV method.

Panel A: Equity Premium of the DSM
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Figure 6: FEstimated Equity Premium Time Series. 'This figure plots the out-of-sample
time series of the estimated annualized equity premium. The equity premium is calculated
using the value-weighted average expected equity return of all firms in the cross-section (see
equation (18)) minus the risk-free interest rate. The DSM estimates are from the specification
with K = 5. Additionally, the figure also plots the SVIX time series of Martin (2017). The
time periods shaded in red indicate (NBER) recessions.

3.3 Equity Return Prediction

The DSM predicts firm-level equity returns by inserting the estimated model parameters into

equation (18). The performance measure used to evaluate these predictions, is the zero-mean
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out-of-sample R? ., also used in Gu et al. (2020):

008

2
Sner (rav — Bilriief))

R, =1-
2o GHETs Ti2t+1

00Ss

(34)

Where E;[r}2] is the predicted equity return. The performance of the DSM is compared to
two benchmark models: A machine learning benchmark (NN Benchmark), which is chosen
to be a standard feed-forward neural network, as it is the best performing model in Gu et al.
(2020), and the KMV method (which also predicts equity returns by inserting estimated
parameters into equation (18)). The neural network is trained on the same data as the
DSM with a similar training procedure (see Appendix 5.2 for details). Table 3 reports the
performance of the DSM, along with the two benchmarks. The first six columns of the
table report the performance of the DSM with an increasing number of systematic risk
factors, indicated by K € 1,...,6, while the two last columns report the performance of the
benchmark models.'®> Each row of Table 3 indicate which subset of the data is used for
calculating R? _, with “All” referring to the entire test dataset, while “Top 1,000” (“Bottom
1,000”) refers to the subset containing only the 1,000 largest (smallest) firms of each cross-
section, as measured by market equity. From the table it is clear that the DSMs outperform
both of the benchmark models in terms of R2 : all DSM specifications have values between
0.74 and 0.80, when estimated across all out-of-sample observations, compared to 0.56 for
the NN benchmark and values far below 0 for the KMV method.'® This outperformance
is not due to the presence of small-caps as the majority of the DSMs actually have higher
R? -values for the data subset containing the largest firms.!'” To check if this difference in

predictive power is statistically significant, a pooled Diebold-Mariano test is performed (see

Diebold and Mariano (2002) for details):

1
DMPOOled = Ni Z (egenChmark — €gSM) * 100 (35)
Ts (i,t)eTs
Where:
Model __ ) —E Model() 2 36
Cit = (th+1 elrie ]) (36)

15 Five different versions of the NN benchmark model have been trained, with a varying number of hidden
layers, H € 1,...,5, but only the best performing one in terms of R% , (H = 2) is used as a benchmark
model throughout this paper.

16 The R2,, value for the NN benchmark is similar to the one reported in Gu et al. (2020).

17 Interestingly, the DSMs and the NN benchmark generally have higher R2_, for both of the data subsets
examined here, indicating that these models perform worse, in terms of R for mid-sized firms compared

2
to the firms at the ends of the size spectrum.

00S)
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DSM NN KMV
K=1 K=2 K=3 K=4 K=5 K =6| Benchmark Benchmark

All 0.75 0.74 0.76 0.77 0.80 0.75 0.56 <0
Top 1,000 1.03 1.02 1.03 1.04 1.11 1.04 0.85 <0
Bottom 1,000 | 0.89 0.85 0.90 0.91 0.93 0.88 0.67 <0

Table 3: Fquity Return Prediction Performance. This table reports the out-of-sample equity
return predictive performance for the DSM and two benchmark models: a neural network
model and the KMV method. The performance measure is the zero-mean R?  measure,
RY, = 1— Zugentin Tl o ed | tages. The tabl ts the perf

s = P Sea ported in percentages. The table reports the performance
for six different specifications of the DSM, with a varying number of systematic shocks
K € 1,...,6, indicated by the first six columns. Each row of the table denotes the specific
subset of the data used for calculating RZ .. “All” refers to the entire test dataset, 73, while

“Top 1,000” (“Bottom 1,000”) refers to the subsample consisting of only the 1,000 largest
(smallest) firms of each cross-section.

The results of this test can be seen in Table 4. A positive number in the table indicates the
column model (which are the six different DSM specifications) has a lower mean squared
error compared to the row model (which are the two benchmark models). From the table,
we see that all of the DSM specifications provide firm-level equity returns that are more

accurate, and statistically different, compared to the two benchmark models.

DSM
K=1 K=2 K=3 K=4 K=5 K=6
NN 0.01% 0.01%* 0.01% 0.01*  0.01**  0.01%*

KMV | 746%%% T 465k 7.46%*** T 4GH10F  7.4T7%%*  7.46%+*

Table 4: Pooled Diebold-Mariano Test. This table reports the pooled Diebold-Mariano test-
statistic: DMpopiea = %@Z(i,t)eﬁ (egenchmark _ 6551\4) + 100, where ez]'\t/IOdd is the squared
prediction error of a given model. A positive number indicates that the DSM with K € 1,...,6
provides a better firm-level equity return prediction compared to the model indicated by the
row of the table. *, ** and ** indicate statistical significance at the 0.05, 0.01, and 0.001
level, respectively, with standard errors clustered at the time level.

2

-»s values of the DSMs translate into portfolios with

Next, to examine if the higher R
higher returns and Sharpe ratios, I form decile portfolios each month based on the expected
equity returns from each model. In addition to the decile portfolios, I also create a long-
short portfolio that is long the 10" decile and short the 1%*. Table 5 reports the out-of-
sample performance of these portfolios in terms of the average monthly excess return (Panel

A), the standard deviation of the monthly excess returns (Panel B), and the annualized

Sharpe ratios (Panel C). Looking at Panel A, we see that all DSMs have a strictly monotone
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DSM NN KMV

Decile | K =1 K=2 K=3 K=4 K=5 K =6 | Benchmark Benchmark
Panel A: Average Monthly Excess Return
1 -0.78  -0.87 -0.84 -0.90 -1.01 -0.90 -0.16 0.38
2 -0.15 -0.15 -0.12 -0.12 -0.03  -0.11 0.30 0.66
3 0.33 0.29 0.32 0.36 0.24 0.26 0.63 0.91
4 0.53 0.58 0.57 0.58 0.51 0.48 0.78 0.82
5 0.73 0.72 0.72 0.78 0.73 0.74 0.73 0.73
6 0.85 0.87 0.89 0.95 0.99 0.94 0.98 0.72
7 1.09 0.99 1.11 1.08 1.03 1.03 1.11 0.73
8 1.20 1.26 1.20 1.23 1.25 1.23 1.20 0.72
9 1.50 1.44 1.46 1.43 1.33 1.36 1.39 1.00
10 1.85 1.88 1.99 1.86 2.09 1.89 1.75 0.86
10-1 2.63 2.75 2.83 2.76 3.10 2.79 1.91 0.48
Panel B: Std. of Monthly Excess Returns
1 8.40 8.50 8.65 8.33 8.50 8.78 6.40 9.40
2 6.57 6.54 6.49 6.56 6.77 6.91 5.44 7.62
3 5.04 5.16 4.95 5.03 5.12 5.48 5.22 6.06
4 4.59 4.45 4.43 4.38 4.48 4.35 4.97 5.26
5 4.30 4.31 4.29 4.37 4.35 4.33 5.05 4.52
6 4.31 4.38 4.44 4.45 4.47 4.40 5.06 4.38
7 4.61 4.63 4.67 4.67 4.73 4.70 5.13 4.29
8 5.12 5.26 5.21 5.29 5.12 5.24 5.50 4.53
9 5.93 6.15 6.16 6.64 6.28 6.09 5.97 5.41
10 7.34 7.63 7.56 7.58 7.70 7.69 6.90 6.62
10-1 6.38 6.53 6.44 6.26 6.44 6.40 6.10 7.56
Panel C: Annualized Sharpe Ratio

1 -0.32  -0.36 -0.34 -0.38 -0.41  -0.36 -0.16 0.14
2 -0.08 -0.08 -0.07 -0.06 -0.02 -0.05 0.19 0.30
3 0.23 0.20 0.22 0.25 0.16 0.16 0.42 0.52
4 0.40 0.45 0.45 0.46 0.40 0.39 0.54 0.54
5 0.59 0.58 0.58 0.61 0.58 0.59 0.50 0.56
6 0.69 0.69 0.70 0.74 0.80 0.74 0.67 0.57
7 0.82 0.74 0.82 0.80 0.73 0.76 0.75 0.59
8 0.81 0.83 0.80 0.81 0.85 0.81 0.76 0.55
9 0.88 0.81 0.82 0.75 0.74 0.75 0.81 0.64
10 0.87 0.85 0.91 0.85 0.94 0.85 0.88 0.45
10-1 1.43 1.46 1.52 1.53 1.67 1.51 1.08 0.22

Table 5: Decile Portfolio Performance. This table reports the out-of-sample performance of
decile portfolios based on monthly sorts on the expected equity returns, E;[r}?], from one
of eight different models as indicated by the columns. In addition to the decile portfolios,
the performance of a long-short portfolio, which is long the 10" decile portfolio and short
the 1%, is also reported. Panel A of the table reports the average monthly excess return (in
percentages) for each portfolio, Panel B reports the standard deviation of monthly excess re-

turns, while Panel C reports the annualized Sharpe ratios. All portfolios are value-weighted.
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increase in the realized average excess returns, as we move down the panel, which is not
the case for the benchmark models (although it is close in the case of the NN benchmark).
Furthermore, the realized excess returns of the long-short portfolios are much higher for
the DSM portfolios compared to the benchmark models: the lowest average excess return
of the DSM based long-short portfolios is 2.63% (K = 1), which is still 0.72 percentage
points higher than the NN benchmark, while the best performing DSM portfolio has an
average monthly excess return of 3.10% (K = 5). Looking at Panel B, a curious pattern
emerges: the DSMs indicate a pronounced convex relationship between the expected equity
return and the standard deviation of the decile portfolios, i.e. the most volatile portfolios
are those with the lowest and highest expected equity returns. One might suspect that this
convex relationship between excess returns and volatility would cause the Sharpe ratios of the
highest decile portfolios to be lower than the middle ones, but this is generally not the case,
as is evident from Panel C: the Sharpe ratios of the DSM portfolios are generally increasing.
Looking at the DSM based long-short portfolios, we see that they handily outperform the
benchmark portfolios with Sharpe ratios between 1.43 (K = 1) and 1.67 (K = 5), compared
to 1.08 and 0.22 for the NN benchmark and KMV benchmark, respectively. Investors can
therefore achieve significant benefits in terms of both absolute returns and Sharpe ratios by
adopting the DSM framework of this paper, when forming long-short portfolios, compared

to an off-the-shelf machine learning approach.

3.4 Equity Return Variance Prediction

One of the advantages of the DSM presented in this paper is its versatility: it is not confined
to being an equity return model but offers insights into all the model implications presented
in Section 2.3. To explore this further, I use the analytical expression in (20) to produce
out-of-sample equity return variance predictions. Unlike equity returns, variances are not
observed over a single period and so the “realized” variance is based on the daily variance

of equity returns between ¢ and ¢ + 1:

D
Var th+1 Z Tid — th+1 (37)

Where D is the number of days between time ¢t and ¢t + 1, r;y is the daily return on day

d, and 7;,1 is the average daily return across all D days. The variance predictions of the
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DSM are compared to two benchmarks: a GARCH(1,1) model that is recursively fit to each

individual firm, as well as the predictions of the KMV method (which are produced the same

way as the DSM, but with the structural parameters of the KMV method).!®

DSM GARCH(1,1) KMV
K=1 K=2 K=3 K=4 K=5 K =6 Benchmark  Benchmark
Panel A: Regression Results
Constant -0.22%FF* Q.07 F* 0.02* 0.15%** 0.27*%** 0.25%*** -0.97F** -2.03%**
(0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01)
log(Vart[rﬁﬁ’{iEl}) 0.95%** 0.97%** 0.99%** 1.02%** 1.04%*** 1.04%** 0.79%** 0.56%**
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
R? 0.42 0.41 0.41 0.42 0.42 0.42 0.39 0.32
N 1,436,705 1,436,705 1,436,705 1,436,705 1,436,705 1,436,705 1,436,705 1,436,705
Panel B: MSE
All 2.467 2.482 2.483 2.481 2.484 2.492 3.274 90.54
Top 1,000 0.097 0.097 0.096 0.096 0.097 0.097 0.170 244.89
Bottom 1,000 14.768 14.840 14.840 14.827 14.851 14.892 17.402 125.627

Table 6: Fquity Return Variance Prediction. This table reports the out-of-sample perfor-
mance of eight different models for predicting the equity return variance over the next month.
The first six columns are DSMs with an increasing number of systematic shocks, as indi-
cated by K. The “GARCH Benchmark” refers to the performance of a GARCH(1,1) model
recursively fit to each individual firm, while the “KMV Benchmark” refers to the predictions
by using the KMV method’s structural parameters rather than the DSMs. Panel A reports
the results of the regression log(Var[ri11]) = v + 71 log(Var[r}2¥), where Var[r;] is the
daily equity return variance between time t and ¢ + 1, multiplied by the number of days in
that time period, and Var[rf‘t/[ffel] is the predicted variance of a given model. The parenthe-
ses report the estimated standard errors, while *** ** * indicate statistical significance
at the 0.05, 0.01, and 0.001 level, respectively. Panel B reports the mean squared error,
MSE,,s = (Var[ri11] — Var[r}#])? scaled by 100, across all out-of-sample observations,
as well as the data subsets consisting of the 1,000 largest and smallest firms of each cross-

section.

Panel A of Table 6 reports the out-of-sample results of regressing the log of the realized
return variance onto the log of the variance prediction, for each of the six DSM specifications,

the GARCH benchmark, and the KMV estimate:

Model])

log(Var[ry41]) = vo + 71 log(Var[r; [ (38)

Where Var[rj°d“!] is the predicted equity return variance for the next period. A perfect

18 Because of the estimation procedure of the GARCH(1,1) model, the predictions are restricted to firm-
month observations without any data gaps and with at least 12 prior observations, e.g. if a firm enters
the dataset in July, 1995, and exits after July, 1997, then it is required that there are a total of 24
firm-month observations for this particular firm and the first 12 observations will not be used for the
variance prediction analysis. With this restriction, the test dataset shrinks from 2,334,603 to 1,436,705
observations for this particular section of the paper. The fact that we need this restriction also highlights
a strength of the DSM framework: once trained, all that is needed for predicting the next-period variance
is a single contemporary firm observation, i.e. no historical information is needed.
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variance prediction would result in 79 = 0 and 7, = 1, and we see that the DSM predictions
are much close to this ideal, compared to the two benchmarks: The 7, coefficients range
from -0.22 to 0.27 for the DSMs, while they are -0.97 and -2.03 for the GARCH and KMV
benchmarks, respectively. Likewise, the v; coefficients are clustered around 1 for the DSMs,
while they are lower for two benchmarks. The DSMs also explain a higher proportion of the
return variance, as measured by R?, compared to the two benchmarks. Panel B of Table 6

report the out-of-sample (scaled) mean squared error, M SE,,s, for each of the eight models:

100 ode
N > (Var[rys] — Var[r2])? (39)
3 (i,t) €T3

MSFE,.s =

From Panel B, we see that the DSMs have MSEs that are between 23.89%-24.65% lower
than that of GARCH benchmark, while the KMV predictions have much higher MSEs. This
outperformance is consistent across the size spectrum of firms, as indicated by the second

and third row of the panel.

These results suggest that, even though the DSMs have only been trained on equity
return data, the conditional structural parameter estimates, used in conjunction with the
model implications of Section 2.3, are able to accurately describe and predict, not only the

first, but the second moment of equity returns, on a firm-level basis.

3.5 Mean-Variance Efficient Portfolios

To examine how well the DSM estimate the conditional covariance matrix of equity returns, I
construct a classic mean-variance efficient (MVE) portfolio in the spirit of Markowitz (1952),

at each point in time, by solving the following portfolio choice problem:

w?(”zt—i-l — ]-Tft)

max T (4())

we Ww; Et+1wt
st. wll=1 (41)
w1 <3 (42)

Where w; is the vector containing the MVE portfolio weights at time ¢, #,,; is the vector
of expected returns, and fltﬂ is the estimated conditional covariance matrix with elements

calculated according to equation (23). The first constraint in equation (41) ensures the
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weights sum to one. The second in equation (42) states that the ¢;-norm of the weights
cannot exceed 3, which has the practical effect of limiting the leverage of the MVE portfolio
such that the sum of the negative weights do not exceed -1. In addition to the MVE portfolios
created by solving equations (40)-(42), a long-only version is also constructed by replacing
the constraint in equation (42) with w; > 0 Vi € 1, ..., I;, where I; is the number of firms in
cross-section t. These two types of MVE portfolios are referred to as “leverage constrained
MVEs” (LC MVEs) and “short constrained MVEs” (SC MVEs), respectively. At each point
in time, both the LC and SC MVE portfolios are constructed using three different investment
universes: all firms, the largest 3,000 firms, and the largest 1,000 firms.

Table 7 and 8 reports the monthly average excess returns (Panel A), the monthly standard
deviation of excess returns (Panel B), and the annualized Sharpe ratios (Panel C), for the
LC and SC MVE portfolios, respectively, for each of the six DSM specifications. The rows
of each panel indicate which investment universe has been used for constructing the MVE
portfolios. Even when only considering the 1,000 largest firms of each cross-section, the LC
MVE portfolios have average monthly excess returns of over 2% and Sharpe ratios in the
range of 1.07-1.54, which is comparable to the DSM based long-short portfolios of Section
3.3. Increasing the investment universe to all firms has the effect of increasing the average
excess return and lowering the portfolio volatility, resulting in extremely high Sharpe ratios:
the LC MVE portfolios, based on the entire investment universe, have average monthly
excess returns in the range of 4.74%-5.19% and Sharpe ratios between 2.92 and 3.96. The
SC MVE portfolios constructed from the entire investment universe generally have slightly
lower average excess returns than their LC counterparts, while exhibiting more volatility,
resulting in Sharpe ratios in the range of 1.34-1.93. Even though these Sharpe ratios seem
small compared to the Sharpe ratios of the LC MVE portfolios, it is worth noting that the
S&P 500 index had a Sharpe ratio of 0.48 over the same time period. The best performing
SC MVE portfolio, constructed from only the 1,000 largest firms of each cross-section, had
a Sharpe ratio of almost double that (0.90 for the DSM with K = 6).

Figure 7 plots the cumulative log returns, over the out-of-sample period, of all MVE
portfolios for the DSM specification with K = 5. Additionally, the figure also plots the
cumulative log returns of the DSM long-short portfolio (also based on the specification with
K =5), the long-short portfolio based on the NN benchmark model, the S&P 500 index,

and the CRSP value-weighted index. All portfolios have been scaled to have an overall
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DSM
K=1 K=2 K=3 K=4 K=5 K=6
Panel A: Average Monthly Excess Return
All 4.79 5.19 4.74 4.78 4.89 4.96
Top 3,000 | 3.52 3.91 3.52 3.58 3.61 3.61
Top 1,000 | 2.21 2.34 2.17 2.17 2.25 2.32
Panel B: Std. of Monthly Excess Return
All 5.69 4.72 4.22 4.22 4.28 4.72
Top 3,000 | 5.41 4.59 4.28 4.35 4.21 4.69
Top 1,000 | 7.14 5.79 4.95 4.89 5.18 5.65
Panel C: Annualized Sharpe Ratio
All 2.92 3.81 3.89 3.92 3.96 3.64
Top 3,000 | 2.25 2.95 2.85 2.85 2.97 2.66
Top 1,000 | 1.07 1.40 1.52 1.54 1.51 1.42

Table 7: Leverage Constrained MVE Portfolio Performance. This table reports the out-of-
sample performance of the MVE portfolios formed on the basis of the six DSM specifications
with K € 1,...,6. Panel A reports the average monthly excess return (in percentages), Panel
B reports the standard deviation of excess returns, while Panel C reports the annualized
Sharpe ratios. The rows of each panel indicate which subset of the data has been used to
construct the MVE portfolios.

DSM
K=1 K=2 K=3 K=4 K=5 K=6
Panel A: Average Monthly Excess Return
All 4.08 4.56 4.56 4.85 4.55 4.58
Top 3,000 | 2.34 2.49 2.40 2.53 2.44 2.31
Top 1,000 | 1.23 1.44 1.49 1.60 1.46 1.57
Panel B: Std. of Monthly Excess Return
All 10.53  10.20 8.84 8.85 8.52 8.24
Top 3,000 | 8.23 8.51 7.15 7.29 7.02 6.57
Top 1,000 | 7.84 7.10 6.35 6.24 6.00 6.01
Panel C: Annualized Sharpe Ratio
All 1.34 1.55 1.79 1.90 1.85 1.93
Top 3,000 | 0.99 1.01 1.16 1.20 1.20 1.22
Top 1,000 | 0.55 0.70 0.81 0.89 0.84 0.90

Table 8: Short Constrained MVE Portfolio Performance. This table reports the same statis-
tics as Table 7, but for MVE portfolios that prohibits short-selling.

annualized volatility of 10%. From the figure, we see that all of the model based portfolios
have outperformed the market portfolios during this period. It is also clear from the figure
that the leverage constrained MVE portfolio, based on the entire investment universe, has
performed several orders of magnitude better than the other portfolios and its performance

seem completely uncorrelated with recessions.
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Figure 7: MVE Portfolio Performances. This figure shows the out-of-sample cumulative log
returns for the MVE portfolios based on the DSM with K = 5. The figure includes three
versions of a leverage constrained and short constrained MVE portfolio: one that includes
all firms in the investment universe, one that only considers the largest 3,000 firms when
forming the portfolio, and one which only considers the largest 1,000 firms when forming the
portfolio. Additionally, the “NN LS” and “DSM LS” are the long-short portfolios formed
on the basis of the expected returns of the NN benchmark model and the DSM model with
K = 5, respectively, from Section 3.3. Finally, the figure also includes the cumulative log
return of the S&P500 index and the CRSP value-weighted index. All portfolios are re-
balanced monthly and scaled to have an annualized volatility of 10%.

Table 9 explores this further by reporting various other performance measures for the
scaled portfolios of Figure 7. The first two rows report the average excess monthly returns
and the annualized Sharpe ratios. The third row reports the estimated intercept (or «)
of regressing the portfolio return onto the five factors of Fama and French (2015) and the
momentum factor of Carhart (1997) (the “FF6 model”). The fourth and fifth row report the
maximum portfolio drawdown and the highest 1 month loss, respectively. The key takeaway
from the table is the fact that the returns of all the different MVE portfolios are considered
to be a in the FF6 model, and they do not experience drawdowns of the same magnitude as

those of the market portfolios.
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Long-Short Leverage Constrained MVE Short Constrained MVE Market Portfolios

NN DSM All Top 3,000 Top 1,000 All Top 3,000 Top 1,000 CRSP VW  SP500
ER (%) 0.91 1.39 3.26 2.45 1.25 1.54 1.00 0.70 0.49 0.40
SR 1.08 1.67 3.96 2.97 1.51 1.85 1.20 0.84 0.59 0.48
FF6 a (%) 0.83 1.31 3.29 2.52 1.49 0.93 1.02 0.83 -0.01 -0.14
Max DD. (%) -21.95 -11.10 -16.51 -13.95 -18.25 -11.02 -27.84 -21.43 -36.32 -38.02
Max 1M Loss (%) -10.04 -6.98 -11.18 -9.05 -7.66 -11.02 -12.94 -15.03 -14.44 -14.28

Table 9: MVE Portfolio Performance Measures. This table reports various out-of-sample
portfolio measures for the portfolios depicted in Figure 7. The first and second row report
the average excess returns and annualized Sharpe ratios, respectively. The third row reports
the intercept from regressing the monthly portfolio returns onto the five factors of Fama
and French (2015) and the momentum factor of Carhart (1997). The fourth row shows the
maximum drawdown of the portfolio, while the fifth row reports the largest 1 month loss
experienced during the out-of-sample period.

The performance of the MVE portfolios is impressive, especially considering no form of
covariance shrinkage is needed (see Ledoit and Wolf (2022) for a literature review on shrinking
the covariance matrix). Still, it is important to note that this paper does not claim that
these returns and Sharpe ratios can be achieved by an investor. While the leverage and
shorting restrictions, along with the investment universe limits, seek to make the portfolios
more realistic than a completely unrestricted MVE portfolio, there are still no considerations
given to trading costs or limits to short-selling. With that being said, this section shows that
not only does the DSM provide accurate return and variance predictions, it also provides

useful information about the covariance of equity returns.

3.6 Enforcing No-Arbitrage

The distribution of the estimated model parameters shown in Table 1 seem to suggest that
a plays an important role for the dispersion of expected asset returns, u, and by extension,
the dispersion of expected equity returns. Removing the o term from the model would force
the DSM to find parameter solutions in which all excess asset returns are compensation
for systematic risk exposure. It might be the case that this solution produce equity return
predictions that are just as accurate as the full model. To test whether this is the case, the
six different DSM specifications are re-trained with the o parameter set to zero. The equity

return prediction exercise of Section 3.3 is then repeated.

Table 10 report R2 . for the no-arbitrage DSMs. The first row contains the absolute
values while the the parentheses report the ratio of the no-arbitrage version to the full model

counterpart. The table shows that, for low values of K, the no-arbitrage versions of the
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DSM are much worse than the full model for predicting equity returns. For K > 4, the
performance is better than the NN benchmark, but still not as good as their full model

counterparts.

DSM
K=1 K=2 K=3 K=4 K=5 K=6
019 026 047 063 067 061
(25%)  (35%) (62%) (82%) (84%) (81%)

R2

00Ss

Table 10: No-Arbitrage Equity Return Prediction Performance. This table reports the same
R? . measure as Table 3, but for the equity return predictions from the six DSM versions with
it set to zero. The first row is the absolute RZ | value across all out-of-sample observations,
while the second is the relative value compared to the full model performance (as found in
the first row of Table 3), reported in percentages.
DSM
K=1 K=2 K=3 K=4 K=5 K=6
Panel A: Monthly Excess Return
Long-Short | -0.77  0.70 1.62 1.92 2.27 2.16
(-29%) (25%) (57%) (70%) (73%) (77%)
LC MVE 1.21 3.53 3.80 3.98 3.55 3.30
(25%) (68%) (80%) (83%) (73%) (67%)
SC MVE -0.98 2.09 4.28 4.29 4.16 4.30
(-24%)  (46%) (94%) (89%) (91%) (94%)
Panel B: Annualized Sharpe Ratio
Long-Short | -0.28 0.34 0.83 0.98 1.06 1.05
(-20%) (23%) (55%) (64%) (63%) (70%)
LC MVE 0.91 2.58 2.99 3.15 3.03 3.09
(31%) (68%) (77%) (80%) (77%) (85%)
SC MVE -0.12 0.64 1.65 1.79 1.76 1.77
(-9%)  (42%) (92%) (94%) (95%) (92%)

Table 11: No Arbitrage Portfolio Performance. This table reports the monthly excess returns
(Panel A) and annualized Sharpe ratios (Panel B) of three portfolios formed each month,
based on the predictions from the no-arbitrage versions of the DSM: a long-short portfolio,
a leverage constrained MVE, and a short constrained MVE. The parentheses report the
relative performance of a given portfolio compared to the same one formed on the basis of
the full DSM, which can be found in Table 5, 7, and 8.

In addition to examining the performance of the firm-level equity return predictions,
Table 11 reports the performance of three portfolios formed on the basis of the no-arbitrage
DSMs: a long-short portfolio, an LC portfolio, and an SC portfolio. Panel A reports the
monthly excess realized returns, while Panel B reports the annualized Sharpe ratios. Again,
the table reports the absolute values along with the relative performance in parentheses.

Once again it becomes clear that the performance of the no-arbitrage DSMs increase as
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K increases, peaking at around K = 5. However, none of the portfolios reach the same
performance as their full model counterparts, although the SC portfolios do come quite close

for large values of K.

The results of this section confirm the results of Section 3.2, namely that « is an impor-
tant piece of the puzzle. It not only helps the DSM provide more accurate equity return
predictions, but is also crucial when constructing portfolios based on the estimated model

parameters.

4 Conclusion

Using a novel modelling framework, coined Deep Structural Models (DSMs), I estimate con-
ditional monthly firm-level parameters of a Merton type model that allows for mispricing and
decomposes the total risk of the firm’s assets into a systematic and idiosyncratic component.
The framework suggests that systematic risk compensation is the largest contributor to the
average expected excess asset return, while the mispricing component is the primary driver
of the dispersion of expected excess asset returns. Furthermore, the effect of leverage on the
expected asset returns of firms is the main mechanism responsible for an increased equity
premium during recessions. In fact, the DSM indicate that both the asset drift and volatility
remain unaffected by recessions. The estimated parameters of the DSM jointly model the
expected equity returns and (co)variances through analytically derived expressions. The es-
timated expected equity returns have higher predictive power than an “off-the-shelf” neural
network model and the DSM predictions enable investors to form long-short portfolios with
higher out-of-sample absolute returns and Sharpe ratios. Additionally, the variance predic-
tions of the DSM have higher predictive power than a GARCH(1,1) model. Finally, I use
the estimated expected returns and covariance matrix to construct leverage constrained and
short constrained mean variance efficient portfolios, re-balanced on a monthly basis. These
portfolios have much higher returns and Sharpe ratios than the long-short portfolios, indicat-
ing that the estimated conditional covariance matrix does indeed carry relevant information

about the covariances of equity returns.
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5 Appendix

5.1 Proofs
Expected Equity Return

The expected equity value at time ¢ + 1 can be written as:

E[Eit+1] = E[(‘/itJrl - Et+1>1Wt+1>Fit+1]

By the law of iterated expectation, this can be rewritten to:

E[Eit-i-l] = E[E[(%t-ﬁ-l - Et‘f‘l)ﬂvit+l>Fit+l|]1Vit+1>Fz‘t+1 - 1]
+ E[(V;H-l - Fit+1)]l‘/it+1>Fit+1 ’11Vit+1>Fit+1 = OH
= (1 - Trit)EK‘/it-&-l - Et+1)|ﬂ‘Vit+1>Fit+1 - 1] + ;0

= (1 - ﬂit)(E[%t+1’1%t+l>Fit+l = 1] - FitJrl)

Where the second equality comes from the fact that if 1y, = 0 then obviously (V11—

t+1>Fitta
Fiv1)lv,, >Fey, = 0. The third equality is from realizing that Fj,; is a constant. Now
use the general result that if a random variable X is log-normally distributed, such that

In(X) ~ N (1, 0?), then the expectation of X conditional on X > K is:

p=In(K)+o?
E[X’XEK]:exp{u+(j2}q)(# UJF )
2 1_¢(%>

Using this expression with g = In(Vy) + py, 0 = oy, and K = Fj,; we can write the

expectation of Vj; 1 conditional on V1 > Fj;,q as:

2
v, -
In ( FitZJtrl ) + (/—Lit - %t ) +o2,

d o
E[‘/;t+1|]lVit+1>Fit+1 = 1] = Vit eXp{:uit} = -2
ln(g;—l)—(ll‘it_ 2”)
1— —
— Vi explpy ) TPt o)

]-_7Tit
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Inserting this in the equation for the expected terminal equity value, we get:

® (DD + oy
E[Ez‘t+1] = (1 - Wit) <V;t eXP{Mit} ( 1 tﬂ t) - Fz‘t+1>
— Tt

= Vieexp{pit}® (DDy + 0it) — (1 — mit) Fiea

Finally, divide by F; and subtract 1 to get the expected equity return:

i F,
Blrin] = Ei exp{pit}® (D Dy + 03) — (1 — ) Eiﬂl -1
7 i

Equity Return Covariance

The covariance between the terminal equity of firm ¢ and j is:

Cov|Eit+1, Ejit1] = E[Eut1Eji41] — E[Eit1|E[Eji]

Since we know the value of E[E;;;1] and E[E;;11] from Appendix 5.1, we only need to focus
on the first term, E[E;;41Eji11]. From the law of iterated expectation, and the fact that

Eity1 = (‘/it-&-l - Et+1)ﬂ“/it+1>Fit+l and Ejt+1 = (‘/jt-i-l - th+1):n“/jt+1>th+l7 we can write it as:

E[Ei1Ej] = E[E[(Vitﬂ = Fu) W5 (Vierr = Fioe) Ly s mpen  min[Lv, s ey, Lviy s R ) = 1
+ B[(Vierr = Fios) Wi ms (Viert = Fie) 1y By (L R s 2] = 0])
= Prmin[lv, > 500 WisisFrn] = UE[(Vierr — Fier) (Ve — Fiep) | min[Lv,, s ks vy s i) = 1
+ Pr[min([1y,,,>r, s v, >Fes] = 0]0
= (1 —my — mje + Cov[ly,  <Fin ]]'Vjt+l<FJt+l] + Tyt

X E[EitJrlEjFH‘ min[]leH-1>Fzz+17 1sz+1>th+1] = 1]

Where the second equality is due to the fact that (Vir—F;) Ly, > mps (Vierr = Fjer1) Ly sy =

0 if either 1y, > =0or 1y,,,> = 0. For the third equality we utilize the fact that

Fig1 Fii1
the probability of at least one firm defaulting is E[lv,,, <, 0v<Fj] = T + Tje —
Cov{ly,, <Fy1s Wiy <Fjpy) — Tamje. Inserting this into the equation for the covariance, we

get:

Cov]Eit41, Ejt-}—l] =1 —my—mp+ COV[ILVHH <Fity1s ]]“/jt+1<th+1] + T i)

X E[Eit+1Ejt+1| min[ﬂWt+1>Fiz+17 ]]"/jt+1>th+1] = 1} - E[Eit-i-l]E[Ejt'H]
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Finally, we divide by F;E)}; to obtain the return covariance:

Covlriyr, Tjer1] = (1= mir — mje + Cov{Lv, <Fiyyrs Ly <] + TitTje)
1
X
EyEy

— (1 + E[riq]) (1 + Elrjea])

E[EitJrlEjtJFl’ mln[ﬂvt+1>Fn+17 ]1Vjt+1>th+1] = 1}

5.2 DSM Implementation Details
The DSM Loss Function

Let the total set of parameters for the DSM be denoted 875 = [9> 67 0*,0°]. Then, the

ODSM HDSM)

optimal set of parameters, , are found by minimizing some loss function, L(-,

over some sample, S:

6P5M — argmin L(S; §P5M)
gDSM

The basis for our loss function will be the negative log likelihood of observing the realized

equity returns of the § sample:

LLL(S ODSM Z ln( a1 (Tieg1; 0 SM))
(i,t)eS

However, as is common in the machine learning literature, a parameter penalty term,
LE(0P5M) is added to avoid overfitting. Here, the parameter penalty is chosen to be the

(1-norm of the parameter vector:

LP(QDSM) _ ||0DSM||1

Additionally, since we are estimating the parameters of a structural model, it is possible to
implement what can best be described as economically motivated parameter penalties. This
could either be outright restrictions or a set of penalties on the size or sign of the parameters.

Here, the only economically motivated parameter penalty is a penalty on the variance of the
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{5-norm of A\;:'?

LE(X|8) = Vars |[| A |2]

Where the S subscript indicates that the variance is calculated over the sample, S. The

complete DSM loss function can thereby be expressed as:

Ts It
L(S, eDSM) — ZZLLL(S; eDSM) + wPLP(eDSM) + wELE(At|S)

t=11i=1

Where t € 1,...,Ts, with Ts being the number of cross-sections in &, I; is the number of
firms in cross-section t, and wf and w¥ is the weight given to the parameter penalty term

and the economically motivated penalty, respectively.

The DSM Training Procedure

The algorithm used to train the DSM, i.e. minimize the loss function, is the Adam algorithm
of Kingma and Ba (2014), with batch sizes of 10,000. The learning rate of the algorithm
follows a decaying schedule, in which it is reduced by 5% after each epoch. The initial
learning rate is set to 1072, and the learning rate decay stops when/if it reaches 107*. In
addition to the penalties described in Appendix 5.2, the training procedure also involves
other regularization techniques. Specifically, the parameter functions, shown in Figure 2,
also employ batch normalization (loffe and Szegedy (2015)) and dropout (Srivastava et al.
(2014)).2° When training the DSM, the total dataset is split into a training, validation and
test dataset. The actual training procedure, outlined above, is done on the training data,
while the validation data is used for early stopping and choosing the optimal set of hyper-
parameters. The early stopping procedure terminates training when the loss function has
not improved across the validation data for 10 epochs. The choice of the optimal hyper-
parameters are determined through a grid search. That is, for the two hyperparameters of
the model, w” and w”, the DSM is trained for all combinations of w” € 1073,107%,107°

and wf € 107°,107%,0, and the set of hyperparameters with the lowest loss function value,

19 This particular penalty seem to be important to avoid overfitting on the training data. Other economically
motivated parameter penalties have been tested, such as a penalizing high values of the mispricing term,
@1, encouraging a positive risk compensation, 3%\, etc. Yet, they all lead to a worse performance score
on the validation and test data.

20 The dropout rate could be treated as a hyperparameter but is fixed in this paper to 0.5 for the sake of
simplicity and computational costs.
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across the validation data, is chosen. Finally, the optimal solution is sensitive to the choice
of starting parameters and so 10 DSMs are trained and the final model output is the average
across the 10 models. For the neural network benchmark model in Section 3.3, the training
procedure is identical to that of the DSM, with two changes: The loss function is the mean
squared error, MSE = (ry4+1 — fir1)?, and the hyperparameter grid search only involves

searching across w? € 1073,107%,1075.

All models are trained on a rolling one year basis. After training the models on the initial
training and validation set, predictions are made for all months in the first year of the test
set. Then, the validation set is rolled forward one year, such that the training data grows
by one year, the validation data has the same length in years, and the test data shrinks by
one year. The models are then re-estimated using this new training and validation split and
predictions are made on the first 12 months of the new test data. This process continues

until all observations of the initial test data has a set of model predictions.

5.3 Data Preprocessing

As is standard in the financial machine learning literature, the 153 firm characteristics are
ranked at each cross-section and then transformed to lie in the [—1, 1] range. The 45 macroe-
conomic variables are discretized based on the combined training and validation data and
then, similarly to the firm characteristics, transformed to lie in the [—1,1] range. That
is, for each macroeconomic variable, all observations are assigned a value between one and
ten, based on a decile sort of the combined training and validation data, meaning that no
information in the test data is used for the discretization process. Then, each macroeco-
nomic variables is squeezed into the [—1, 1] range. Both the equity returns and the monthly
“realized” variances in Section 3.4 have been winsorized at the 99.99"" percentile, using
information from the entire data set, to exclude the most extreme outliers. Finally, the
Compustat values for short-term debt, F72, and long-term debt, F}7, have been modified

to minimize the effect of extremely levered firms:

1. All negative values of F;;P, and FP, are set to zero.

SD
2. A simple short-term and long-term leverage value is calculated as L3P, = @ and
it+1 E;

Lp _ FiD 1
L; = r 1 .
it o espectively
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3. Both L{?, and LLY, are cross-sectionally winsorized at the 98™ percentile.

4. The final values for F3P, and FEP, are then calculated based on the winsorized lever-

. SD _ SD LD __ LD
ages, i.e. F7 = Ey Ly 7, and Fi) = Ey L.
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Chapter 2

Improving Merger Arbitrage Returns

with Machine Learning

Abstract

This paper present a novel decomposition of expected returns for merger arbitrage trades,
utilizing modern machine learning techniques to model individual components. This decom-
position lead to better proxies for expected returns than relying on realized merger arbitrage
returns. Additionally, they yield large economic gains for merger arbitrage investors in terms
of both absolute and risk-adjusted returns. Finally, the decomposed expected return esti-
mates provide new insight into the aggregate market, by showing a persistent decrease for
the cross-sectional average expected merger arbitrage return, over the last decade.

I am grateful for the helpful comments and feedback from Peter Feldhiitter and the rest of the finance
faculty at Copenhagen Business School. I gratefully acknowledge support from the Center for Big Data
in Finance (grant no. DNRF167).
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1 Introduction

Since the seminal paper by Mitchell and Pulvino (2001) on the risk and return characteristics
of merger arbitrage (alternatively, risk arbitrage), the literature has been relatively quiet on
the topic. There are of course notable exceptions such as Jetley and Ji (2010) who show a
declining merger arbitrage spread post 2002, Giglio and Shue (2014) who examine the market
information contained in the passage of time, and Jiang et al. (2018) who examine the role of
activist merger arbitrageurs. This relative absence of papers on the topic is despite the fact
that a lot of the early work, such as Dukes et al. (1992), Baker and Savagoglu (2002), and
Jindra and Walkling (2004), document large excess returns in the merger arbitrage market,
which one could have thought would encourage a deeper understanding of this market. In
this context, it is therefore interesting in and of itself to examine the merger arbitrage market

over the last 20 years, especially during the financial crisis of '08-’09.

During this same time, in which the literature has been quiet on merger arbitrage, there
has been an increasing interest, among both academics and practitioners, in the use of
machine learning techniques in finance. This increasing interest spans many areas of finance
such as consumer credit risk (e.g. Khandani et al. (2010) and Butaru et al. (2016)), equity
risk premiums (e.g. Freyberger et al. (2020), Gu et al. (2020), and Kozak et al. (2020)), bond
risk premiums (e.g. Bianchi et al. (2021)), among others. Many of these papers find that
machine learning techniques can indeed provide financial insight beyond what “traditional”
statistical techniques are capable of. It is therefore natural to examine whether this extends

to the merger arbitrage market.

This paper attempts to answer the two questions posed above, namely: How has the
merger arbitrage market evolved over the last 20 years and can machine learning techniques
provide additional insight into the merger arbitrage market beyond traditional statistical
methods? To answer these two questions, the paper estimates the expected return of each
individual merger arbitrage trade using two different approaches: a direct modelling approach
and a decomposed modelling approach. The direct modelling approach is similar to the
way expected equity returns are modelled in Gu et al. (2020), wherein we rely on past
realized merger arbitrage returns to fit a model that is then used for predictive purposes.
The decomposed modelling approach instead tries to estimate the conditional probability

of deal success, which can then in turn be used in a simplified decomposed expression for
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the expected return of a merger arbitrage trade. Both of these two modelling approaches
make use of machine learning techniques to model their respective object of interests: the

expected merger arbitrage return and the probability of deal success.

M&A deal data is extracted from the Thomson ONE database, and this data is augmented
by both equity price and firm fundamental data from CRSP and Compustat. After applying
some necessary filters to the data, the total data set contains 4,828 M&A deals from 1984-
2020 and includes 111 explanatory variables to be used as model inputs. This data set is then
initially split into a training and test set, each containing roughly 50% of all M&A deals,
although the training window will expand to incorporate as many past deals as possible for

out-of-sample predictions.

Seven different classification models! are then trained on the training data to predict
the probability of deal success and out-of-sample predictions are made on the test set. The
models based on decision trees (random forest and gradient boosted trees) statistically out-
perform the remaining five, who all show similar capabilities in estimating the conditional
probability of deal success. The most important variables, in determining the outcome of
an M&A deal, are deal specific variables, with the indicator variable 'Friendly’ (indicating
whether the M&A deal is backed by the board of directors of the target firm) being, by far,

the most important variable.

In addition to the predicted probabilities about M&A deal outcomes, two sets of estimated
expected returns are also estimated using the two modelling approaches described above.
For the direct modelling approach the same seven models are used for predictions, although
modified to a regression setting.? Thus, in total, there are fourteen sets of out-of-sample
expected merger arbitrage return predictions: seven using the decomposed approach and
seven using the direct modelling approach. Each of these sets are used to construct four out-
of-sample trading strategies: a normal strategy, in which a merger arbitrageur engages in all
trades with an expected return above 0%, and a selective strategy, in which the threshold
is instead 2.5%. Both of these then have a value-weighted and equal-weighted version.
Analyzing the performance of these strategies reveal that the group of strategies based on the

decomposed expected return estimates outperform the group based on the directly modelled

! The seven classification models are: logistic regression, logistic regression with elastic net penalty, random
forest, gradient boosted trees, and three versions of a neural network with 1, 2 and 3 hidden layers,
respectively.

2 The seven regression models are: linear regression, linear regression with elastic net penalty, random forest,
gradient boosted trees and three versions of a neural network with 1, 2 and 3 hidden layers, respectively.
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expected return estimates, across several evaluation metrics. However, within the group of
trading strategies based on the decomposed expected returns, the performance is similar.
This suggests that for merger arbitrageurs, the decomposition of the expected return, rather
than the complexity of the underlying model, is what matters most for improving both

absolute and risk-adjusted merger arbitrage returns.

Even though the trading strategies based on the decomposed expected return estimates
perform similar, it does not necessarily mean that the quality of the predictions are the same.
To determine what set of expected returns align best with realized returns, the realized out-
of-sample merger arbitrage returns are regressed onto each of the estimated sets of expected
returns. If a set of expected return estimates is a perfect proxy for the actual expected
returns, then we would expect a regression coefficient close to 1 and an intercept of 0. The
results once again indicate, that as a group, the decomposed expected return estimates
outperform the directly modelled expected return estimates, both in terms of regression

3 Within the group of decomposed expected return estimates,

coefficients and R? values.
the sets based on the random forest and gradient boosted trees models outperform the rest,
indicating that these models’ superior ability to model the conditional probability of deal

success, does indeed translate into more accurate expected return estimates.

Finally, the paper examine the evolution of the aggregate merger arbitrage market from
2001-2020. Both the cross-sectional average expected and realized merger arbitrage returns
are calculated and examined over this time period. While both of the cross-sectional average
time series have about the same mean at around 3%, they exhibit very different time series
variation over this period of time. Specifically, the time series of the average expected return
indicate a significant decline post the financial crisis, to a level of around 1.53%, that has
been persistent since then. On the other hand, no such phenomenon can be found through
the time series of the average realized return. This highlights that using the decomposed
expected return estimates provide new insight into the aggregate merger arbitrage market,

that cannot be uncovered when relying on a small (noisy) sample of realized returns.

The paper will proceed as follows: Section 2 will go through a couple of examples in
the data and give a brief overview of merger arbitrage. Section 3 will discuss the machine

learning techniques and general methodology of this paper. Section 4 will go through the

3 The coefficients (R? values) are in the range of 0.32-0.52 and 0.02-0.18 (0.020-0.038 and 0.000-0.007) for
the decomposed and directly modelled expected returns, respectively.

44



data gathering and filtering process, as well as review the full data sample. Section 5 will

present, analyze and discuss the empirical results and Section 6 concludes.

2 Risk Arbitrage Review

M&A deals can vary across several dimensions: the acquiring entity can be anything from
private investors to public companies, the target company can be private or public, the
payment can be in the form of cash, equity or a hybrid of the two, and deals can include
various clauses such as collar agreements, termination fees and more. A detailed breakdown
of the data can be found in Section 4, but for now it is sufficient to point out that this paper
only examines deals in which the payment is either all-cash or all-equity. Now, in order to
better understand why it makes sense to decompose the expected return of merger arbitrage
trades, it is useful to go through a couple of examples of how typical M&A deals progress
and how merger arbitrage works. The following four examples are taken directly from the
data and each example represent one of the four general deal scenarios present in the sample

(a deal is either successful or unsuccessful and, as mentioned, either all-cash or all-equity).

Let us start by considering the case of a simple all-cash deal: On July 16**, 2020 HH
Global Group Limited announced a definitive agreement between themselves and Inner Work-
ings, Inc. to combine operations.* HH Global would acquire 100% of InnerWorking’s shares
at a price of $3 per share, which represented a premium of 127% compared to the closing
price the day before the announcement ($1.32). At the day of the announcement, the share
price of InnerWorkings closed at $2.85, which meant that a merger arbitrageur could bet on
the deal being successful, by buying shares of InnerWorkings at $2.85 and get $3 per share
from HH Global, some time in the future, thus netting a profit of $0.15 (5.26%) per share
(not considering transaction costs or any potential dividend payments by InnerWorkings).
As it happens, this particular deal was completed on October 15 that same year. The share
price of InnerWorkings 1 month prior to the announcement date, up until deal closure on

October 1%, is shown in Figure 1(a).

The second example is also an all-cash deal, but one that ultimately ended up unsuccess-

ful. On December 7**, 2017 Silicon Labs announced a definitive agreement to acquire Sigma

4 https://hhglobal.com/news/hh-global-and-innerworkings-to-create-combined-global-marke
ting-services-company/
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Figure 1: MéA Examples. This figure illustrates the progression of four different risk arbi-
trage trades from the data. Graph (a) is an example of a successful all-cash deal, and shows
the target share price (full blue line) and the offer price (red dashed line). Graph (b) is an
unsuccessful all-cash deal, with the black vertical dotted line representing the time of deal
failure. Graph (c) is a successful all-equity deal where the red dashed line represents the
evolution of the acquirer’s share price scaled by the exchange ratio of the deal. Graph (d)
is an unsuccessful all-equity deal with the dotted black vertical line once again representing
the time of deal failure. All y-axes represent US dollar amounts and all x-axes are days from
deal announcement, so that 0 represents the day of the deal announcement.

Designs Inc.? for $7.05 per share, which represented a premium of 25.89% compared to the
previous closing price ($5.60). The following day, the stock price of Sigma Designs closed
at $6.90 and a merger arbitrageur would therefore stand to make $0.15 (2.17%) per share if
the deal succeeded. However, a little over a month later on January 23', 2018 the deal fell
through, and the share price of Sigma Designs dropped to $5.95, which meant that a merger
arbitrageur would have lost $0.95 (13.77%) per share. The share price of Sigma Designs is
illustrated in Figure 1(b) from one month prior to the deal announcement and up to one

month after the deal collapsed.

® https://news.silabs.com/2017-12-07-Silicon-Labs-Announces-Definitive-Agreement-to-Acq
uire-Sigma-Designs-Inc
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The third example is a case of a successful all-equity deal. On December 5%, 2019
Cambridge Bancorp announced a definitive agreement to merge with Wellesly Bancorp,
Inc. in a stock for stock merger.® The exchange ratio was set to 0.58, meaning that every
Wellesly Bancorp share would be exchanged for 0.58 of Cambridge Bancorp shares. The
previous closing share prices of Cambridge Bancorp and Wellesley Bancorp was $75.22 and
$32.55, respectively. The following day, the closing prices of the two companies were $74.25
and $42.10, respectively. A merger arbitrageur could have made an unhedged bet by simply
buying shares of Wellesly Bancorp and expect to make $0.97 ($74.25x0.58 —$42.1)(2.3%) per
share, on the condition that the share price of Cambridge Bancorp did not move until after
the deal was completed, which is quite an unrealistic assumption. Therefore, the much more
common strategy is to make a hedged bet that includes a short position of the acquirer’s
shares. Specifically, for every share you buy of the target company, you also sell short an
amount equal to the exchange ratio of the acquirer’s shares. This way, the merger arbitrageur
is hedged against general market movements, and the spread between the target share price
and the acquirer’s share price (scaled by the exchange ratio) is secured, given that the deal is
completed under the initial terms proposed. In our example, a hedged bet would still stand
to make $0.97 per share of Wellesly Bancorp purchased, but it would not require the share
price of Cambridge Bancorp to remain stable. As mentioned, this particular deal ended
up successful and was finalized on June 1%, 2020. The share prices of both companies are
illustrated in Figure 1(c), with the share price of Cambridge Bancorp being scaled by the

exchange ratio of 0.58 to better illustrate the evolving merger arbitrage spread.

The fourth and final example is an all-equity deal that ended up unsuccessful. On Oc-
tober 31%, 2018 Quad/Graphics, Inc. announced a definitive agreement to acquire LSC
Communications, Inc. in an all-equity merger, with an exchange ratio of 0.625.7 Prior to the
announcement, the share prices of the two companies were $18.25 and $8.49, respectively.
The day of the announcement their respective shares closed at $15.43 and $9.43. Thus, a
merger arbitrageur could go long 1 share of LSC Communications and short 0.625 shares of
Quad/Graphics for a potential net gain of $0.21 per share ($15.43 % 0.625 — $9.43)(2.23%) if
the deal succeeded. However, this deal was terminated roughly 9 months later on July 22°¢,

2019 with the share prices of Quad/Graphics and LSC Communications closing at $8.19 and

6 https://ir.cambridgetrust.com/news-market-information/press-releases/news-details/201
9/Cambridge-Bancorp-and-Wellesley-Bancorp-Inc.-to-Merge/default.aspx

" https://www.quad.com/newsroom/quad-graphics-to-acquire-1sc-communications-in-all-stock
-transaction
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$2.29, respectively, on the next day. Assuming a merger arbitrageur unwinds their positions
at those closing prices, they would have made $4.53 (($15.43 — $8.19) * 0.625) on the short
leg of the trade, and —$7.14 ($2.29 — $9.43) on the long leg of the trade, for a total loss of
$7.14 — $4.53 = $2.61 (27.68%) per share traded of LSC Communications. The share prices
of the two companies are illustrated in Figure 1(d), and like the previous example, the share
price of Quad/Graphics have been scaled by the exchange ratio of 0.625 to show the merger

arbitrage spread.

The four examples help us understand the typical situation a merger arbitrageur faces: a
possibility of a low positive return if a deal is successful and a possibility of a large negative
return if the deal is unsuccessful. A lot of the literature, such as Mitchell and Pulvino
(2001), examine the return series of a typical merger arbitrageur who trade all M&A deals.
However, in this paper, the primary concern is the equilibrium prices determined by merger
arbitrageurs and other market participants after a given M&A deal has been announced. In
other words, is it possible to get accurate estimates of the expected return for each deal?
In the general empirical asset pricing literature, a standard procedure for estimating the
expected equity return of a firm is to take a vector of characteristics and/or risk factors
X;; € R" associated with firm ¢ at time ¢ and transform it via some function, f : X;; — R,
into an expected return estimate. The parameters of f, denoted by ¢, are then found through
various optimization techniques (depending on the functional form of f) on a subset of the
complete data set (training set) and the estimated expected return for stock i at time ¢ then
takes the form Fy[ry 1] = f(Xi; 6 7). This is a very simple and direct approach that is easily
transferred to the problem of estimating expected merger arbitrage returns of individual
deals. Instead of training the model to predict the equity return of firm ¢ at time ¢, we
instead train the model to predict the expected return of M&A deal ¢ at announcement,
also denoted by ¢t. This approach will be referenced throughout the paper as the “direct
modelling approach”. However, it is very natural to view the outcome of an M&A deal
as being one of two mutually exclusive events: the deal is either successful or unsuccessful.
Therefore, in addition to the direct modelling approach, this paper also explores the following

decomposition of the expected return of each M&A deal:
Ey[ri] = pukoy[ri| Ds = 1] + (1 — pi) Ey[r;| Dy = 0] (1)
Where p;; is the estimated probability that the M&A deal 7 is successful, D; is an indicator
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variable that takes on the value of 1 if a M&A deal i is successful and 0 otherwise, while
Ei[ri|D;] is the expected return of M&A deal ¢ conditional on the outcome of the deal. The
probability that deal 7 is successful, p;;, is modelled as a function of some the same variables as
in the direct modelling approach, X;;. The other two terms, E;[r;|D; = 1] and E;[r;|D; = 0],
are estimated by making some simplifying assumptions: for cash deals, it is assumed that the
target company pays no dividends, if the deal is successful, the target will be acquired at the
price per share of the initial announcement, while if the deal is unsuccessful, the share price
of the target company will revert back to its pre-announcement level. Similarly, for equity
deals, it is assumed that neither the target or the acquirer pays dividends, investors do not
receive interest on their short-sale proceeds, if the deal is successful, the exchange ratio at
deal closure is the same as in the initial terms of the merger, while both the target’s and
acquirer’s share prices revert back to their pre-announcement levels if the deal is unsuccessful.
With these assumptions we get the following simple expressions:
Cash; — ngst
1) (2)

,post

Ei[ri|Cash, D; = 1] =

pI _ p@
Ey[ri|Cash, D; = 0] = %)Lpost )

2,post

P r, — PO
Et [7‘,|Equzty, Dz — 1] — z,postP(T) 1,post (4)

,post

PO = PO a4+ (P, - PO,)

1,post 1,pre i,pre 2,post
p@

2,post

Ey[ri|Equity, D; = 0] = ( (5)

Where P is some price identified by the super- and subscript: the superscripts 7" and A
refer to target and acquirer, respectively, while the pre/post subscript refers to whether the
price is before or after the deal announcement. Cash is the offer price in a cash deal, and
xr is the exchange ratio in an equity deal. The assumptions that lead to the expressions
above will be discussed and analyzed further in Section 3, but for now, this “decomposed
modelling approach” allow us to view the expected return of a merger arbitrage trade purely
as a function of the probability of deal success, since all inputs to equations (2)-(5) are known

at time ¢, which is defined to be at close of the first trading day after deal announcement.
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3 Methodology

This section will briefly discuss the various machine learning techniques, meta procedures,
performance evaluation, and return calculations employed in the analysis. It serves as an
overview of the general methodology with the technical details and optimization choices

reserved for the appendix.

Since this paper focus on the decomposition of expected merger arbitrage returns, the
primary variable of interest is the conditional (physical) probability of deal success p;;. This
variable is never observed and will thus be modelled using the classification models described
in this section. Each classification model takes in a vector X; € RY and returns a single
scalar value py € [0, 1]. M&A deals are indexed by i = 1,2, ..., I and even though vector X,
refers to variables measured at a given time t, it will be suppressed for notational simplicity,
since t is always defined as the first trading day after deal announcement. This means that

equation (1) takes the form:
Eifri] = fo(Xi 0)Efri| Dy = 1] + (1 = fo(X3;0)) Eufri| D = 0] (6)

Where f¢ is some classification model.

As mentioned in the previous section, this paper also examines the expected return

estimates from a direct modelling approach, that takes the following form:
Eyfri] = fr(Xi;0) (7)

Where fr is some regression model. Specifically, each classification model fo will have an
analogous regression version fr trained on the same data, with the same variables, in order

to make a fair comparison between the decomposed and direct modelling approaches.

3.1 Classification and Regression Models

The models used in this paper can be categorized as belonging to one of three broader
family of models: Generalized linear models, decision tree models, and deep learning models.
Using a diverse set of model families increases the chance of capturing a potentially very

complex underlying data structure. The seven classification models, fo, and their regression
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analogues, fgr, are as follows:

1. Logistic/linear regression (fo: Logit, fr: OLS)

2. Penalized logistic/linear regression (fc: ENLogit, fr: ENLinear)
3. Random forest (fo: RF, fr: RFR)

4. Gradient boosted trees (fc: GBTrees, fr: GBR)

5. Neural network with 1 hidden layer (fo: NN1, fr: NNRI1)

6. Neural network with 2 hidden layers(fo: NN2, fz: NNR2)

7. Neural network with 3 hidden layers (fo: NN3, fr: NNR3)

Logistic/linear regressions are some of the most applied statistical models when dealing
with classification and regression tasks, and in this paper serves as benchmarks for which
the more complex models can be compared against. The penalized regressions are similar,
but penalizes large coefficients and encourage sparsity. The random forest and the gradient
boosted trees are both ensemble models, that use decision trees as their base learners, and the
primary difference between them lies in how these base learners are trained and optimized.
The final three models of this paper are all standard feed-forward neural networks, with a
varying number of hidden layers to allow for complex variable interactions. The details of

how the models are structured and optimized can be found in Appendix 7.1.

To find the optimal set of hyperparameters associated with the models listed in 2-7, the
data is split into three: a training set, 77, a validation set, 7>, and a test set, 73. The
training set is for finding the optimal model parameters, the validation set is for finding the
optimal hyperparameters, while the test set is for a true out-of-sample analysis of model

performance. The details of this procedure can be found in Appendix 7.2.

Finally, all of the classification models make use of probability calibration (see Niculescu-

Mizil and Caruana (2005)). The details of this procedure can be found in Appendix 7.3.

3.2 Performance Evaluation

There are two primary concerns when it comes to evaluating the performance of our machine

learning models. The first is how well a model performs individually, and the second is how
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well a model performs compared to other models, and whether or not any difference in
performance is statistically significant by some measure. The out-of-sample brier score is

the primary performance measure of the classification models:

NOOS
BSue =5 3. (fo(X0) — D ®
005 j—1

With N,.s being the total number of out-of-sample M&A deals indexed by i. Additionally,

the paper will also report the out-of-sample accuracy, precision, and recall scores:

1 Noos ~
ACCUT ACYo0s = 77— Z 1(D; = D) 9)

005 ;—1
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Where D; is the predicted deal outcome from a classification model.®

In order to compare model outputs in a pairwise fashion, the Diebold and Mariano (2002)

test statistic is calculated:

iz = (for(Xi) = Di)* = (fea Xi) — Di)? (12)
CZ 008
DM12,005 = Ui::ws (13)
VN

Where leoos and 712 05 denote the mean and Newey-West standard error of d;9, respectively,

across all out-of-sample observations.

3.3 Variable Importance

A key question in an analysis such as the one in this paper, is how important specific variables
are for the models’ predictions. While some of the models explored in this paper have their

own measures,” it is more helpful in a comparative analysis to have a universal methodology

8 The predicted deal outcome of a classification mode, fo, is simply 1 if fo(X;) > 0.5 and 0 otherwise.
9 Logistic regression have p-values as well as the absolute size of coefficients, and decision tree methods
have impurity based measures.
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to judge variable importance. Therefore, to measure variable importance across the different
models of this paper, a permutation based approach is used. Specifically, for each variable,
7, the out-of-sample data will be randomly permuted five different times, and the average

increase in brier score is measured.’® The exact details can be found in Appendix 7.4.

3.4 Calculating Merger Arbitrage Return Series

To get an idea of the economic benefits for merger arbitrageurs, a set of return series will
be calculated in Section 4 and 5. For an all-cash deal, the return for M&A deal ¢ on day ¢

is calculated as follows: (T) (T) (T)
Py’ + D, — P,

Pt)l

1

rip = (14)

Pi(tT) is the closing share price of the target company on day t, D(T)

is the dividend payment
made by the target company on day ¢ and Pt 1 is the closing share price of the target

company on day ¢ — 1. Similarly, the return for an all-equity deal is calculated as follows:

P + D = Py —ary (P + DY = P — YY)
T
Py

Tt = (15)
Where x7; is the exchange ratio of the deal, and 7y, is the daily risk-free rate on day ¢. The
weight, for deal i at time ¢, for a value-weighted (VWMA) and equal-weighted (EWMA)

portfolio, respectively, is then given by:

wyVMA = Zl CSHOH (T )] =l 1) (16)
SN nl shroutnl . E (14 7))
1 t
EWMA _ N (1 +735) (17)

" Zn IN (1+TTL])

Where CSH Ol(lT ) is the number of shares outstanding for the target company one day after
the deal announcement and N, is the total number of M&A deals in the cross-section of the

return series at time t¢.

10 The average increase in the brier score will be normalized so that the sum across all j variables is equal
to 1.
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4 Data

4.1 Data Gathering and Filtering

Data is gathered from three different sources: Thomson ONE for M&A deal specific infor-
mation, Compustat for company financial data, and CRSP for firm equity prices. After a
filtering process, described in Appendix 7.5, we are left with a sample of 4,828 M&A deals
for publicly traded US companies, spanning from 1984-2020. The explanatory variables used
to predict either the probability of deal success, p;;, or the expected return of an M&A deal
directly, E;[r;], can be split into three categories: deal specific variables, (target) firm specific
variables, and macroeconomic variables. There are 15 deal specific variables, 87 firm specific
variables, and 9 macroeconomic variables, for a total of 111 explanatory variables, the details

of which can be found in Appendix 7.6.

4.2 Full Sample Overview

Table 1 shows the number of transactions, average success rate, percentage of deals that are
all-cash, average deal value, and average deal return for the merger arbitrage trades in the
final sample. As can be seen from the table, all the shown statistics vary quite substantially
from year to year. Both the number of M&A deals announced and the average deal value
seem to have significant run-ups in the years prior to recessions (as defined by NBER), with
a subsequent fall during and after these recessions. Furthermore, the average deal value
has had a substantially higher average level from 2014 and onward. This could possibly
be related to the bull market during this period, increasing company valuations (and by
extension the offer values needed to buy them), high availability of corporate credit, lack
of other investment opportunities or some combination of the three. The last column of
Table 1 is perhaps the most interesting one, since the return profile of merger arbitrage has
been extensively studied (see for example Mitchell and Pulvino (2001), Baker and Savagoglu
(2002), and Jetley and Ji (2010)). From the table it seems that the results of Mitchell and

Pulvino (2001) hold: merger arbitrage returns decrease during market downturns.

To further explore this, I start by computing the full sample VWMA and EWMA return
series, which can be seen in Figure 2. Over the sample period, both the VWMA and EWMA

investment strategies have outperformed the market (S&P 500 index), however, since the
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Transactions Success Cash Deal Value Return

Year (Count) (%) (%) (S$Millions) (%)
1984 31 61.3 100 373 7.3
1985 96 64.6 100 541 7.6
1986 136 72.8 99.3 444 74
1987 109 74.3 100 412 6.7
1988 188 68.6 99.5 467 10.4
1989 127 69.3 96.9 431 3.7
1990 67 73.1 95.5 307 3.1
1991 20 75 100 149 3.4
1992 39 80 50 199 7.4
1993 67 76.1 67.2 303 3.2
1994 121 73.8 71.3 440 6.7
1995 185 80.7 57.2 769 5.5
1996 174 84 57.1 687 5.6
1997 210 88.5 47.8 823 6.9
1998 271 83.6 51.5 2,108 5.1
1999 310 83.7 68.9 1,321 4.1
2000 295 80.8 67 1,343 4.1
2001 194 87.4 64.1 707 3.4
2002 134 82.5 80.3 564 4.6
2003 138 83.5 80.6 578 7.3
2004 118 83.9 74.6 1,781 5.2
2005 165 83.6 86.7 1,300 5.3
2006 177 85.9 91 1,192 3.7
2007 204 86.3 88.7 1,961 0

2008 151 69.1 88.8 1,320 -1.9
2009 79 85.2 80.2 603 8.2
2010 135 89.6 91.1 994 2.8
2011 106 87.9 90.7 1,325 3.1
2012 121 86.8 90.9 815 4.4
2013 87 83.9 88.5 962 2.3
2014 82 89.2 75.9 3,046 2.5
2015 104 85.6 87.5 4,282 2.2
2016 122 93.4 86.9 2,025 3.6
2017 83 89.2 86.7 1,370 2.9
2018 87 94.3 7 2,708 1.6
2019 63 93.7 69.8 3,338 2.5
2020 30 83.9 7.4 2,803 0

Recession Years 745 81.3 82.7 1,196 1.7
Non-Recession Years 4,083 82.1 77.4 1,180 5

Training Set (1984-2000) 2,446 78.4 2.7 954 5.7
Test Set (2001-2020) 2,382 85.7 83.8 1,519 3.2
All 4,828 82 77.8 1,182 4.5

Table 1: Sample Summary Statistics. This table shows the number of transactions, the
percentage of successful deals, the percentage of all-cash deals, the average deal value, and
the average return across all deals, for each year in the full data sample. Additionally, the
last five rows of the table reports the same summary statistics for recession years (as defined
by NBER), non-recession years, the initial training data, the initial test data, and the full
sample.
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financial crisis of ’08-’09, the cumulative return series of the two merger arbitrage strategies
and the market have converged, indicating a decrease in relative performance of the merger
arbitrage. This is confirmed if we look at the monthly risk and return characteristics of these
three return series, shown in Table 2. There is a sharp drop in the average excess return
of both the VWMA and EWMA return series in the latter half of the sample (test set),
compared to the first half (training set). Even though the standard deviation also decreases,
it is comparatively not enough to offset the decrease in average excess return, and so the
Sharpe ratio is also smaller in the test set compared to training set. If we instead look
at the performance of the two MA strategies in recessions compared to non-recessions, we
see that both the VWMA and EWMA return series perform much worse during recessions,
with both lower average excess return and higher standard deviations, resulting in drastically
lower Sharpe ratios. Despite all of this, the two MA strategies have outperformed the market,

in terms of both returns and Sharpe ratios, across all subsamples.!!
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Figure 2: Cumulative Merger Arbitrage Returns. This figure shows the cumulative log return
of the value-weighted (yellow line) and equal-weighted (green line) merger arbitrage return
series (using all M&A deals in the sample), as well as the overall equity market (blue line)
as proxied by the S&P 500 index, from 1984 to 2020.

1 This is of course without accounting for transaction costs, which have been shown to significantly impact
the performance of merger arbitrage strategies.
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ER (%) SD (%) Sharpe
Panel A: Full Sample

S&P 500 0.54 4.37 0.42
VWMA 0.86 4.23 0.69
EWMA 0.89 3.05 1.00
Panel B: Training Set (1984-2000)
S&P 500 0.69 4.37 0.55
VWMA 1.03 4.69 0.76
EWMA 1.08 3.34 1.11
Panel C: Test Set (2001-2020)
S&P 500 0.41 4.37 0.31
VWMA 0.67 3.31 0.69
EWMA 0.70 2.81 0.87
Panel D: Recession Months
S&P 500 -1.55 6.61 -0.80
VWMA -0.03 5.14 -0.03
EWMA -0.40 4.78 -0.28
Panel E: Non-Recession Months
S&P 500 0.62 4.37 0.48
VWMA 0.92 4.04 0.80
EWMA 1.00 2.87 1.21

Table 2: Merger Arbitrage Summary Statistics. This table shows the average monthly excess
return (ER), the monthly standard deviation of excess returns (SD), and the annualized
Sharpe ratios (Sharpe), for three return portfolios: the S&P 500 index, a value-weighted
merger arbitrage portfolio, and an equal-weighted merger arbitrage portfolio. Each panel
reports the summary statistics for a specific subsample. Excess returns are calculated by
subtracting the risk-free interest rate, extracted from Kenneth French’s data library.

Table 3 reports the results of regressing the VWMA and EWMA returns series on the

five factors of Fama and French (2015) for the same five subsamples as in Table 2:

ERMA =a+ Bmkt(ERmkt) + BsmbRsmb + mathml + Brmermw + ﬂcmaRcma (18)

As can be seen from the table, both MA return series have positive and statistically sig-
nificant alphas over all sub samples except for recession months (where they are positive
but not statistically significant). Additionally, the two MA strategies have positive, and
statistically significant market risk exposure across all subsamples. Exposure towards the
other risk factors does not seem to be consistent across time or market conditions, with
the exception of the EWMA strategy being consistently exposed to the size factor, which
is perhaps unsurprising given its higher portfolio weights on small stocks. Comparing the

first half of the data to the second, it can be seen that the two MA strategies generate more
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«Q Bmkt ﬁsmb mal ﬁrmw ﬁcma R2 N
Panel A: Full Sample
VWMA  0.57**  0.50%** 0.08 0.08 -0.1  -0.35%% 0.40 440
(0.20) (0.07) (0.09) (0.11)  (0.14) (0.23)
EWMA 0.62%%* 0.41%%* 0.25*** 0.15**  -0.09 -0.13  0.55 440
(0.13) (0.04) (0.05) (0.05)  (0.05) (-0.13)
Panel B: Training Set (1984-2000)
VWMA  0.58%  0.61*** 0.20 0.38**  -0.05 -0.45 0.40 200
(0.28) (0.11) (0.18) (0.12)  (0.19) (0.28)
EWMA 0.69%%* 0.51*%* (0.35%** 0.30*** -0.06 -0.14  0.54 200
(0.21) (0.06) (0.07) (0.07)  (0.07) (0.13)
Panel C: Test Set (2001-2020)
VWMA  0.50%  0.44%** 0.09 -0.03 -0.23 -0.31  0.44 240
(0.21) (0.08) (0.14) (0.12)  (0.13) (0.23)
EWMA 0.53%%*% (.34%*%* (.23%** 0.12 -0.17*  -0.13  0.60 240
(0.17) (0.04) (0.07) (0.07)  (0.08) (0.08)
Panel D: Recession Months
VWMA 0.50 0.54*** 0.16 -0.15 0.07 -0.10  0.61 40
(0.60) (0.10) (0.14) (0.24)  (0.29) (0.32)
EWMA 0.26 0.43***  0.40** 0.02 -0.26 0.10 0.70 40
(0.41) (0.09) (0.13) (0.16)  (0.18) (0.22)
Panel E: Non-Recession Months
VWMA  0.55%*  0.52%** 0.07 0.17 -0.14  -0.43* 0.37 400
(0.21) (0.07) (0.08) (0.10)  (0.12)  (0.18)
EWMA 0.67%%* 0.40%*** 0.25%** 0.15**  -0.08 -0.14  0.50 400
(0.12) (0.04) (0.04) (0.06) (0.06) (0.08)

Table 3: Merger Arbitrage Factor Exposures. This table shows the results of regressing the
excess monthly returns of a value-weighted (VWMA) and equal-weighted (EWMA) merger
arbitrage portfolio onto the five risk factors of Fama and French (2015). Each panel reports
the regression results for a specific subsample. The parentheses report Newey-West standard
errors for panel A, B, and C, and White standard errors for panel D and E. * ** and ***
indicate statistical significance at the 0.05, 0.01, and the 0.001 level, respectively.

alpha, while also having higher risk exposures, in the first half of the sample. This possibly
explains the results of Jetley and Ji (2010) that show a decreasing merger arbitrage spread
over time: both the a and risk exposures are lower in the latter half of the sample leading
to a lower average merger arbitrage spread. The regression results indicate that the market
exposures of the two MA strategies are constant over the business cycle, i.e. the 3, coeffi-
cients are more or less the same for the recession months and the non-recession months. This
is puzzling since Mitchell and Pulvino (2001) find that the aggregate merger arbitrage return
series exhibits a highly non-linear market exposure: high (,,x; during market downturns and

low [,k during normal times. This discrepancy seem to arise from the difference in how
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a market downturn is defined: in this paper it is defined as NBER recessions, whereas in
Mitchell and Pulvino (2001) they use a market return cutoff to identify market downturns.
It is also worth noting, that if we sum all months in which the economy is classified as being
in a recession, only 22.5% of those months fall in the first half of the dataset. This could be
part of the explanation as to why merger arbitrage has performed worse in the latter half:

the economy has spend comparatively more time in recessions during that half.

5 Empirical Results

5.1 Conditional Probabilities

In this subsection, the seven classification models, outlined in Section 3, are used to estimate
the conditional probability that a given M&A deal will be successful. Table 4 reports the
out-of-sample brier score, accuracy, precision and recall for all seven models. The table
shows that the RF and GBTrees models outperform the other five models across all four

2 The ENLogit model have slightly worse performance measures

performance measures.!
than the tree based methods, but it actually performs better than the more advanced neural
networks. This is quite surprising since neural networks are shown in Gu et al. (2020) to
outperform other models, including tree based ones, for predicting equity returns. The exact
cause of the poor performance of the neural networks is unclear, but it might be due to the
relatively small sample of this paper, since neural networks generally require large amounts
of data to accurately determine the underlying functional relationships. Table 5 reports the
pairwise Diebold-Mariano test statistic, described in Section 3. The test-statistic confirms

the results of Table 4: the RF and GBTrees models outperform all other models, and this

outperformance is found to be statistically significant.

Finally, Figure 3 shows the 10 most important variables, for each of the seven classification
models, measured across all out-of-sample observations. Looking at the charts, a few things
become clear: first, all models tend to agree on the five or six most important variables
with the "Friendly’ indicator being, by far, the most important determinant of deal success,
with "ttf/dv’ being the second most important. This provides insight for potential acquirers

when considering a merger/acquisition: the graphs in Figure 3 suggest that it is important

12 Note that a low brier score indicates a better performance than a large brier score.
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Brier Score Accuracy Precision Recall
Logit 0.073 0.909 0.925 0.973
ENLogit 0.069 0.916 0.927 0.980
RF 0.065 0.921 0.928 0.988
GBTrees 0.064 0.920 0.928 0.983
NN1 0.073 0.913 0.927 0.975
NN2 0.072 0.912 0.926 0.975
NN3 0.074 0.909 0.921 0.978

Table 4: Performance of Classification Models. This table reports the performance of seven
different classification models for predicting the probability of success across all out-of-sample
M&A deals. The reported performance measures are: brier score, accuracy, precision, and
recall. These measures are described more in detail in Section 3.

ENLogit RF GBTrees NN1 ~ NN2 NN3
Logit 1.79 4.97%  5.91* -0.04 085 -0.31
ENLogit 4.67%  6.07*  -2.85*% -1.46 -2.35*
RF 1.48 -5.71% -5.02%  -5.66%*
GBTrees -6.9%  -6.02* -6.78*
NN1 1.1 -0.32
NN2 -1.11

Table 5: Pairwise Diebold-Nariano Test-Statistic. This table shows the pairwise out-of-
sample Diebold-Mariano test-statistic. Both the rows and columns refer to a given classifi-
cation model. A positive number indicates that the column model provides more accurate
conditional probability estimates, compared to the row model, and vice versa. A * indicate
that the test-statistic is statistically significant at the 0.05 level.

to have the board of directors of the target company backing the deal, and that including
a target termination fee, will significantly affect the chance of deal success. Second, even
though the "Friendly’ indicator is the most important variable, the best performing models,
namely the RF and GBTrees models, place a relatively higher importance on other variables
as well, suggesting that these variables do indeed contain information, but extracting it is
difficult. Third, at least half of the 10 most important variables for each classification model
are deal specific variables, despite this group of variables only constituting 13.5% of the total
explanatory variables. This is perhaps not surprising, but nevertheless, it suggests that any
improvement in conditional probability estimates, is likely to come from adding relevant deal
specific information and not variables that are otherwise traditionally associated with the

risk premium of individual firms.
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Figure 3: Variable Importance of Classification Models. In this figure, each horizontal bar
chart (a)-(g) shows the 10 most important variables for one of seven classification mod-

els.

The variable importance measure, for a given variable, is calculated as the increase

in out-of-sample brier score after randomly permuting the variable across all out-of-sample
observations. The variable importance measures are then normalized so that they sum to

one.

61



5.2 Expected Return Estimates
Decomposed Expected Return Estimates

Now that we have a conditional probability estimate for each deal in the test set, we can
use equation (1) from Section 2 to find the decomposed expected return estimates. After
calculating the decomposed expected return for each out-of-sample M&A deal, two trading

strategies are analyzed:

1. Normal Strategy (NS) in which merger arbitrageurs trade all deals for which E;[r;] >
0%.

2. Selective Strategy (SS) in which merger arbitrageurs trade all deals for which E[r;] >
2.5%.

The performance of these two trading strategies (each of which have a value-weighted and
equal-weighted version) can be seen in Figure 4, alongside the market return, the VW-
MA/EWMA return series, and a strategy using the unconditional probability of deal success
(82%), for calculating the decomposed expected return. It is difficult to visually tell the dif-
ference between the seven model return series for each of the four graphs. This is due to the
fact the models generally agree on the subset of M&A deals that make the cutoffs of 0% and
2.5%, respectively. While this is true for both the normal and the selective strategies, it is
clear that increasing the selectiveness also increases the cumulative return of the strategies,

as expected.

To further explore the return properties of the two strategies, Table 6 reports the aver-
age monthly excess return, standard deviation, annualized Sharpe ratio, average number of
active deals in the cross-section, and the percentage of all deals above the expected return
threshold. Looking at the table, there are a couple of things to take note of. First of all, in
terms of both excess return and Sharpe ratios, all models (excluding the unconditional prob-
ability “model”) perform relatively similar to each other within each category, although the
performance across models is slightly more dispersed for the value-weighted strategies. This
also means that the apparent superior conditional probability estimates coming from the
decision tree based methods, do not appear to translate into better trading strategies. Thus,

for investors, it is the decomposition itself rather than the specific decomposition model
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Figure 4: Decomposed Strategies Return Series. This figure illustrates four graphs (a)-(d),
each of which shows the out-of-sample cumulative log return for various merger arbitrage
strategies. All strategies illustrated in the four graphs (except for 'S&P 500, 'VWMA’ and
'"EWMA’) are based on the expected return decomposition in equation (1). Graph (a) and
(b) show the cumulative log return of strategies engaging in all merger arbitrage trades with a
decomposed expected return above 0%, with a value-weighted and equal-weighted weighting
scheme, respectively. Graph (c) and (d) show the cumulative log return of strategies engaging
in all merger arbitrage trades with a decomposed expected return above 2.5%, also with both
a value-weighted and equal-weighted weighting scheme, respectively. For comparison, each
graph also contain the market return series as well as the VWMA (graphs (a) and (c)) and
the EWMA (graphs (b) and (d)) return series.

that matters most. Second, by looking at the relatively poor performance of the strategies
based on the unconditional probability, it is clear that the decomposition performs better
when conditioned on deal/target specific information. Third, increasing the strategy selec-
tiveness increases the average excess return of all strategies (again, except the unconditional
model), suggesting that the decomposed expected return estimates are indeed able to rank
merger arbitrage trades fairly well. Finally, strategies based on the decomposed expected
returns, generally outperform the VWMA and EWMA return series in terms of excess re-

turns (especially the selective strategies), but the Sharpe ratios remain somewhat similar. It
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is therefore not entirely clear from Table 6 that the decomposed expected return strategies

actually provide higher risk-adjusted returns than the VWMA and EWMA strategies.

ER (%) SD (%) Sharpe Active Fraction
Panel A: Benchmark Strategies
VWMA 0.67 3.31 0.69 38.27 1.00
EWMA 0.70 2.81 0.87  38.27 1.00
Panel B: Normal Strategies
Unconditional (VW)  0.72 4.23 0.59  14.59 0.30

Logit (VW) 0.68 3.43 0.69 25.94 0.65
ENLogit (VW) 0.78 3.52 0.76 25.35 0.63
RF (VW) 0.64 3.73 0.59 27.20 0.65
GBTrees (VW) 0.73 3.45 0.73 27.48 0.68
NN1 (VW) 0.72 3.56 0.69 24.74 0.62
NN2 (VW) 0.67 3.35 0.69 24.89 0.61
NN3 (VW) 0.66 3.96 0.59 24.26 0.56
Unconditional (EW) 0.66 4.57 0.48 14.59 0.30
Logit (EW) 0.90 3.15 1.00 25.94 0.65
ENLogit (EW) 0.91 3.20 0.97 25.35 0.63
RF (EW) 0.82 3.06 0.94 27.20 0.65
GBTrees (EW) 0.88 2.92 1.04 2748 0.68
NN1 (EW) 0.89 3.12 1.00 24.74 0.62
NN2 (EW) 0.82 3.11 0.90 24.89 0.61
NN3 (EW) 0.93 3.30 0.97 24.26 0.56

Panel C: Selective Strategies
Unconditional (VW)  0.86 6.06 0.48 7.91 0.16

Logit (VW) 070 419 062 1045 0.0
ENLogit (VW) 1.00 456  0.76 1024  0.20
RF (VW) 089 460 066 1069  0.20
GBTrees (VW) 0.74 422 059 1086  0.22
NNI (VW) 107 475 080 1005  0.20
NN2 (VW) 084 417 069 993  0.19
NN3 (VW) 080 457 062 1015  0.20
Unconditional (EW)  0.60  6.02 035 791  0.16
Logit (EW) 1.14 465 083 1045  0.20
ENLogit (EW) 122 487 087 1024  0.20
RF (EW) 1.14 46 087  10.69  0.20
GBTrees (EW) 1.11 419 094 10.86  0.22
NNI (EW) 118 482 083 1005  0.20
NN2 (EW) 118 478 087 993  0.19
NN3 (EW) 115 490 083 10.15  0.20

Table 6: Decomposed Strategies Return Characteristics. This table shows the monthly av-
erage return (ER), the standard deviation of monthly returns (SD), the annualized Sharpe
ratios (Sharpe), the average number of active positions across all months (Active), and the
fraction of active positions relative to all M&A deals (Fraction). These statistics are re-
ported for three different types of strategies. The VWMA and EWMA strategies that serve
as benchmarks (Panel A), the normal strategies that engage in all M&A deals with an ex-
pected return above 0% (Panel B), and the selective strategies that engage in all M&A deals
with an expected return above 2.5%.
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To examine this further, I run regressions of the same type as in equation (18), but replace
the left hand side with the monthly excess return of the normal and selective decomposed
return strategies. The result of these regressions can be seen in Table 7. The first thing
to note is that, overall, the risk exposures of the decomposed expected return strategies are
generally not far off (in terms of magnitude/direction and significance) from their respective
benchmark strategy (VWMA /EWMA). The only exception to this is that the equal-weighted
selective strategies have lower and insignificant SMB exposures and significantly negative
RMW exposures. The second thing to note is that the normal strategies have similar or
higher alphas, with the selective strategies having much higher alphas, compared to their
respective benchmark strategies. These two facts combined suggest that the increased excess
returns of the decomposed expected return strategies, as reported in Table 6, are not simply
a result of increased risk exposures to the five factors explored here, i.e. they seem to produce

higher alpha than simply trading all M&A deals.

Directly Modelled Expected Return Estimates

As mentioned, the direct modelling approach is an alternative to the decomposition explored
so far. To examine the quality of the predictions of the direct modelling approach, the same
normal and selective trading strategies are produced, but based on the return expectations
from the regression models described in Section 3. The cumulative log return of these
direct strategies can be seen in Figure 5. Additionally, their return and risk characteristics
are reported in Table 8. From the figure and the table a few things become clear. First
of all, the set of normal strategies are extremely homogeneous. They almost mirror the
benchmark strategies, seen by the fact that most of these strategies trade almost all M&A
deals, as indicated by the ’Fraction’ column of Table 8. This means that the direct modelling
approach almost always predicts a positive expected return for the M&A deals in the test set.
Second, the selective strategies generally do not have higher average excess returns than the
normal strategies. So while the direct normal strategies are somewhat comparable to their
decomposed counterparts, the selective direct strategies have lower average excess returns
compared to their decomposed strategy counterparts, especially the equal-weighted selective
strategies. Because the decomposed strategies generally contain less active positions at any
given time, it could be the case that increasing the selectiveness of the direct strategies even

more, so that they, on average, have about as many active positions as the decomposed
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« ﬁmkt Bsmb mal ﬁrmw cha R2 N
Panel A: Benchmark Strategies

VWRA 0.50%  0.44*%%  0.09 -0.03 -0.23 -0.31 044 240
EWRA 0.53%k* (.34%F* (.23  (0.12 -0.17* -0.13 0.60 240
Panel B: Normal Strategies
Unconditional (VW) 0.43  0.46%**  -0.02  0.04 0.04 -0.06 0.23 240

Logit (VW) 0.38*  0.43*** 0.12 -0.15 -0.10 0.13 0.38 240
ENLogit (VW) 0.51%% 0.43**  0.12 -0.11 -0.19* 0.18 041 240
RF (VW) 0.38  0.46%  0.08 0.00 -0.18  0.09 040 240
GBTrees (VW) 0.42% 045*** 0.10 -0.07 -0.09 0.17 0.40 240
NN1 (VW) 0.42*  0.43%* 012 -0.15 -0.15 0.21 0.38 240
NN2 (VW) 0.39*  0.40***  0.10 -0.12 -0.04 0.06 0.32 240
NN3 (VW) 0.39 047 0.00 -0.06 -0.15 0.16 0.32 240
Unconditional (EW) 0.33  0.50%  0.19 0.07 -0.10  0.00 0.32 240
Logit (EW) 0.63*** 0.40*** 0.20** 0.00 -0.12 0.03 0.49 240
ENLogit (EW) 0.664*¢  0.39%** (0.23*** 0.05 -0.17* -0.01 0.50 240
RF (EW) 0.57FFF 0.39%** 0.18%* 0.00 -0.13  0.02 0.47 240
GBTrees (EW) 0.62%** (0.37*** 0.22%% 0.03 -0.10 0.05 0.51 240
NN1 (EW) 0.62%** (0.40*** 0.23** 0.01 -0.13 0.02 0.52 240
NN2 (EW) 0.56%**  (0.39%** 0.20%* 0.03 -0.11 0.00 0.48 240
NN3 (EW) 0.69%* 0.38***  0.18*  0.08 -0.15  0.04 0.42 240

Panel C: Selective Strategies
Unconditional (VW)  0.53  0.50***  -0.05 -0.15 0.06 -0.05 0.13 240

Logit (VW) 0.64* 0.35%**  -0.13 -0.07 -0.19 0.02 0.17 240
ENLogit (VW) 0.84%F (.38 -0.13 -0.07 -0.25 0.19 0.17 240
RF (VW) 0.72% 0.39***  -0.13 -0.08 -0.17 0.06 0.16 240
GBTrees (VW) 0.55*  0.39***  -0.07 -0.05 -0.14 0.01 0.19 240
NN1 (VW) 0.94%* 0.41%** 023 -0.04 -0.29 0.17 0.18 240
NN2 (VW) 0.68** 0.35%* _0.11 -0.12 -0.18 0.10 0.17 240
NN3 (VW) 0.62*  0.40*** -0.15 -0.05 -0.11 0.03 0.16 240
Unconditional (EW) 0.29 049 019 -0.10 -0.19 0.10 0.18 240
Logit (EW) 0.92F4F 0.45%**  0.03 -0.12 -0.39** 0.32 0.29 240
ENLogit (EW) 0.95%%¢ 0.46%**  0.10 -0.17 -0.32* 0.36 0.27 240
RF (EW) 0.96*** 0.37***  0.02 -0.19 -0.36* 0.32 0.21 240
GBTrees (EW) 0.93*** (0.38*%**  0.08 -0.09 -0.36** 0.28 0.28 240
NN1 (EW) 0.95%** 0.47***  0.05 -0.16 -0.43** 0.34 0.30 240
NN2 (EW) 0.95%4€ 0.43***  0.09 -0.18 -0.40** 0.40% 0.27 240
NN3 (EW) 0.92%%F 0.49***  -0.01 -0.12 -0.33* 0.25 0.27 240

Table 7: Decomposed Strategies Factor Exposures. This table shows the results of regressing
the excess monthly returns of various merger arbitrage strategies onto the five risk factors
of Fama and French (2015). The table reports the results for the benchmark strategies that
trades all M&A deals (Panel A), the normal decomposed M&A strategies (Panel B), and the
selective decomposed M&A strategies (Panel C). *, ** and *** indicate significance at the
0.05, 0.01 and 0.001, respectively, calculated with Newey-West standard errors.
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strategies, would lead to more similar results. However, while not reported in this paper,

increasing the selectiveness of the direct strategies, does not increase their average excess

return.
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Figure 5: Direct Strategies Return Series. This figure illustrates four graphs (a)-(d), each of
which shows the out-of-sample cumulative log return for various merger arbitrage strategies.
All strategies illustrated in the four graphs (except for 'S&P 500’7, "'VWMA’ and 'EWMA’)
are based on the direct modelling approach described in Section 2. Graph (a) and (b)
show the cumulative log return of strategies engaging in all merger arbitrage trades with
an expected return above 0%, with a value-weighted and equal-weighted weighting scheme,
respectively. Graph (c) and (d) show the cumulative log return of strategies engaging in all
merger arbitrage trades with an expected return above 2.5%, also with both a value-weighted
and equal-weighted weighting scheme, respectively. For comparison, each graph also contain
the market return series as well as the VWMA (graphs (a) and (c)) and the EWMA (graphs
(b) and (d)) return series.

Like with the decomposed strategies, I also examine the direct strategies’ ability to gen-
erate alpha, as well as their factor risk exposures. These results can be seen in Table 9. The
primary thing to take note of is that these new direct strategies generally have similar factor

exposures, but lower and less significant alphas.
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ER (%) SD (%) Sharpe Active Fraction
Panel A: Benchmark Strategies

VWRA 0.67 3.31 0.69 38.27 1.00
EWRA 0.70 2.81 0.87 38.27 1.00
Panel B: Normal Strategies
OLS (VW) 0.77 3.72 0.73 28.47 0.74
ENLinear (VW) 0.67 3.31 0.69 38.27 1.00
RFR (VW) 0.66 3.39 0.69 36.31 0.94
GBR (VW) 0.73 3.45 0.73 31.99 0.81
NNRI1 (VW) 0.78 3.58 0.76 29.73 0.77
NNR2 (VW) 0.69 3.32 0.73 37.59 0.99
NNR3 (VW) 0.68 3.33 0.69 37.67 0.98
OLS (EW) 0.73 3.40 0.73 28.47 0.74
ENLinear (EW) 0.67 3.31 0.69 38.27 1.00
RFR (EW) 0.73 2.86 0.87 36.31 0.94
GBR (EW) 0.72 3.04 0.83 31.99 0.81
NNRI1 (EW) 0.69 3.11 0.76 29.73 0.77
NNR2 (EW) 0.70 2.83 0.73 37.59 0.99
NNR3 (EW) 0.70 2.84 0.83 37.67 0.98
Panel C: Selective Strategies
OLS (VW) 0.86 4.36 0.69 21.42 0.56
ENLinear (VW) 0.67 3.31 0.69 38.27 1.00
RFR (VW) 0.56 3.46 0.55 25.56 0.60
GBR (VW) 0.59 4.35 0.45 23.28 0.55
NNR1 (VW) 0.91 3.66 0.87 20.08 0.51
NNR2 (VW) 0.75 3.31 0.80 33.15 0.88
NNR3 (VW) 0.56 3.27 0.59 31.77 0.84
OLS (EW) 0.66 3.92 0.59 21.42 0.56
ENLinear (EW) 0.67 3.31 0.69 38.27 1.00
RFR (EW) 0.76 3.12 0.87 25.56 0.60
GBR (EW) 0.71 3.69 0.66 23.28 0.55
NNR1 (EW) 0.85 3.56 0.83 20.08 0.51
NNR2 (EW) 0.73 3.14 0.80 33.15 0.88
NNR3 (EW) 0.69 3.03 0.80 31.77 0.84

Table 8: Direct Strategies Return Characteristics. This table shows the monthly average
return (ER), the standard deviation of monthly returns (SD), the annualized Sharpe ratios
(Sharpe), the average number of active positions across all months (Active), and the fraction
of active positions relative to all M&A deals (Fraction). These statistics are reported for three
different types of strategies. The VWMA and EWMA strategies that serve as benchmarks
(Panel A), the normal strategies that engage in all M&A deals with an expected return above
0% (Panel B), and the selective strategies that engage in all M&A deals with an expected
return above 2.5%. Unlike Table 6, the expected return estimates, used as the basis for the
strategies of this table, are from the direct modelling approach.
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Panel A: Benchmark Strategies
VWRA 0.50%  0.44%** 0.09 -0.03 -0.23  -0.31 0.44 240
EWRA 0.53%k* (.34%F (.23  (0.12  -0.17*% -0.13 0.60 240
Panel B: Normal Strategies
OLS (VW) 0.40  0.51%** 0.03 -0.07 0.12 0.04 0.34 240
ENLinear (VW)  0.39*%  0.46%** 0.02 0.00 -0.06  -0.03 0.43 240
RFR (VW) 0.39%  0.45%** 0.00 -0.03 -0.01  -0.08 0.38 240
GBR (VW) 0.48%  0.47%%  -0.03 0.06 -0.05  -0.12 0.41 240
NNR1 (VW) 0.44%  0.48%F* 0.04 -0.11 0.03 0.03 0.36 240
NNR2 (VW) 0.41%  0.47%F* 0.02 -0.01 -0.04  -0.03 0.40 240
NNR3 (VW) 0.40%  0.47%F* 0.02 -0.01 -0.05  -0.02 0.43 240
OLS (EW) 0.48%*F 0.40%**  (0.22%% (.11 -0.13  -0.12 0.47 240
ENLinear (EW) 0.50%** 0.36*** 0.21%** 0.10* -0.18*%* -0.13 0.60 240
RFR (EW) 0.55%k*  (.34%F  (.22% 0.11* -0.22** -0.15 0.58 240
GBR (EW) 0.56%%* (.33%F* (.22% (0,10 -0.22** -0.17 0.49 240
NNR1 (EW) 0.47%F* (0.38%F  0.21% 0.13* -0.19** -0.08 0.55 240
NNR2 (EW) 0.51%FF  (0.36%**  0.21%% 0.10 -0.19** -0.14 0.60 240
NNR3 (EW) 0.51%FF  0.36%FF 0.21%% 0.11*% -0.19%* -0.13 0.60 240
Panel C: Selective Strategies

OLS (VW) 0.59*%  0.43%  -0.01 0.00 0.03 -0.10 0.20 240
ENLinear (VW)  0.39%  0.46%** 0.02 0.00 -0.06  -0.03 0.43 240
RFR (VW) 0.35  0.39%** 0.01 -0.01 -0.09  -0.04 0.29 240
GBR (VW) 0.37  0.50%** 0.00 -0.06  -0.33%F 0.02 0.38 240
NNR1 (VW) 0.75%%  (0.32%** 0.00 -0.06 -0.13 0.00 0.19 240
NNR2 (VW) 0.61*%* 0.35%**  -0.01 -0.06 -0.21* -0.08 0.31 240
NNR3 (VW) 0.36  0.39%**  -0.02 0.02 -0.07  -0.12 0.32 240
OLS (EW) 0.46*  0.41%%  0.18%  0.14 -0.23* -0.22 0.40 240
ENLinear (EW) 0.50*** 0.36*** 0.21*%* 0.10* -0.18*%* -0.13 0.60 240
RFR (EW) 0.62%FF (0.33%  0.16%*  0.11 -0.26%* -0.11 0.45 240
GBR (EW) 0.58%* 0.32%**  (0.23%*  0.09 -0.35%** -0.05 0.37 240
NNR1 (EW) 0.63%** (.38%** (.18  0.09 -0.19  -0.01 0.39 240
NNR2 (EW) 0.49%*  0.38%** (0.21*** (.02 -0.10  -0.09 0.46 240
NNR3 (EW) 0.49%#F 0.37% 0.17**  0.13*  -0.14  -0.15 0.49 240

Table 9: Direct Strategies Factor Exposures. This table shows the results of regressing the
excess monthly returns of various merger arbitrage strategies onto the five risk factors of
Fama and French (2015). The table reports the results for the benchmark strategies that
trades all M&A deals (Panel A), the normal direct M&A strategies (Panel B), and the
selective direct M&A strategies (Panel C). *, ** and *** indicate significance at the 0.05,
0.01 and 0.001, respectively, calculated with Newey-West standard errors. Unlike Table 9,
the expected return estimates, used as the basis for the strategies of this table, are from the

direct modelling approach.
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All in all, the comparison between the two sets of strategies shows that, from a purely
practical standpoint, the decomposed expected return estimates are superior in terms of
identifying merger arbitrage trades with high expected returns. Strategies based on the
decomposed expected return estimates have higher excess returns and alpha, with compara-
ble Sharpe ratios and factor risk exposures, compared to the strategies based on the direct

modelling approach.

Which Estimates to Use?

While the trading strategies explored above do give some indication about the quality of
a set of expected return estimates, they are more indicative of a model’s ability to rank
merger arbitrage trades. To see this, imagine a model that is “only” able to correctly classify
the expected return of a merger arbitrage trade as being higher or lower than 2.5%, but
is otherwise unable to provide an expected return estimate. If you were to construct the
selective strategy, using this model, then you would produce the same return series as an
“oracle” model that knows the true expected return. Therefore, to better asses the various
model’s ability to estimated expected returns, the actual merger arbitrage return is regressed

onto the model prediction:

ri = Yo + 71T (19)

Where 7; is the predicted merger arbitrage return for M&A deal 7. Asymptotically, you
would expect 79 and ~; to approach 0 and 1, respectively, as the number of M&A deals in
our sample approach infinity. The results of this regression, for both the decomposed (Panel
A) and direct (Panel B) expected return estimates, are reported in Table 10. Looking at
the table, we see that the decomposed expected return estimates have higher v, coefficients
and R? values, compared to the direct estimates. Based on this, as well as the results of the
trading strategies explored previously, it seems fair to conclude that the decomposed return
methodology provide more accurate estimates of the expected returns of M&A deals, relative
to the direct modelling approach. Within the group of decomposed expected returns there
is quite a bit of variation in terms of 7y, 71, and R%. However, the best performing models
are the decision tree based models (RF and GBTrees).'® Thus, it seems like the superior

conditional probability estimates of these models, observed in Section 5.1, do lead to better

13 Best performing in the sense that they are closer to the “oracle” benchmark of 79 = 0 and v; = 1, while
also having the largest R? values.
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expected return estimates.

Panel A: Decomposed Expected Returns

Logit  ENLogit RF GBTrees  NNI1 NN2 NN3
Int. 3.20%HF  316%HK 3.02%FF  3.02%**  3.26%F*  3.23%**  3.26%**

(0.35) (0.35) (0.35) (0.35) (0.35) (0.35) (0.35)
Coef. 0.37**%  0.41%**%  (.52%%*  (.48%FF  (.34%HF  (.42%%F  (.40***

(0.05) (0.05) (0.06) (0.05) (0.05) (0.05) (0.05)
R? 0.022 0.029 0.035 0.038 0.020 0.029 0.027
N 2,382 2,382 2,382 2,382 2,382 2,382 2,382

Panel B: Direct Expected Returns

OLS  ENLinear RFR GBR NNR1 NNR2 NNR3
Int. 3.08¥HK 9 @¥HK 3 FFHAK Z QKA KK Z TR 267K

(0.38) (0.37) (0.42) (0.38) (0.40) (0.54) (0.43)
Coef.  0.09* 0.17* 0.02 0.07 0.09 0.05 0.18%*

(0.04) (0.07) (0.06) (0.05) (0.06) (0.09) (0.08)
R? 0.003 0.007 0.000 0.001 0.001 0.000 0.004
N 2,382 2,382 2,382 2,382 2,382 2,382 2,382

Table 10: Ezpected Return Regressions. This table shows the results of regressing the realized
return of all out-of-sample M&A deals onto the model predictions. Panel A shows the results
for the decomposed expected return estimates, while Panel B reports the results for the
predictions of the direct modelling approach. Standard errors are reported in parentheses,

while * ** ***indicate statistical significance at the 0.05, 0.01, and 0.001 level, respectively.

5.3 The Aggregate Merger Arbitrage Market

This section briefly examines the overall merger arbitrage market over the out-of-sample
period. To calculate an aggregate expected return, one could use any of the estimates from
the decomposed or direct modelling approach. However, based on the results of previous sec-
tions, the most accurate estimates seem to be coming from the decomposed expected return
estimates, using the GBTrees or RF models for estimating conditional probabilities. As such,
to create an aggregate expected merger arbitrage return for each month, the decomposed
expected return estimates with the GBTrees model is used:'4

Bl =+ 3. Bl (20)

t =1

Where N, is the total number of M&A deals in month ¢. This aggregate expected M&A

return can be seen in Figure 6(a) alongside the overall mean, and the 36-month moving

14 Using the RF model instead leads to practically identical results.
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average. Figure 6(b) shows the same aggregate time series using the cross-sectional average
realized M&A returns. As we would expect, the aggregate expected return time series, is
much less volatile than the time series of average realized returns, despite their overall test set
means being quite close at around 3%. It is also worth noting, that Figure 6(a) clearly shows
that over the last 10 years, the average expected return has been below its test set mean.
Specifically, the cross-sectional average expected return is 3.96% before 2011 and 1.53%
afterwards. This phenomenon is not present in Figure 6(b) indicating that the decomposed

expected return estimates provide different economic insight than realized returns.

0.125 4 —— Expected Return
—— Test Set Mean
0.100 1 —— 36-Month MA

Expected Return

2002 2004 2006 2008 2010 2012 2014 2016 2018 2020
Date

(a) Expected Returns

03 —— Realized Return
) —— Test Set Mean

c 0.2 e 36 Month MA
2
£ 0.1- {
3 W SUBAY h TN A\Jﬂﬁu M My L, .
et RS x i
= -0.11

-0.2 1

2002 2004 2006 2008 2010 2012 2014 2016 2018 2020
Date

(b) Realized Returns

Figure 6: Aggregate Merger Arbitrage Returns. This figure shows the time series of the
cross-sectional average expected merger arbitrage return (top figure) and the cross-sectional
average realized merger arbitrage return (bottom figure). In addition to the two cross-
sectional averages, the figures also show the overall test set mean (red line), as well as the
36-month moving average (black line).
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6 Conclusion

This paper proposes a decomposition of the expected return of a merger arbitrage trade into
three parts: the probability of deal success, the expected return conditional on success, and
the expected return conditional on failure. The paper finds that modeling the probability
of deal success using machine learning techniques, while making simplifying assumptions for
the two conditional expected return terms, yields more accurate estimates of the expected
return of individual merger arbitrage trades compared to the traditional direct modeling ap-
proach often used in empirical asset pricing. The best performing models for predicting the
probability of deal success are machine learning models related to decision trees, specifically
gradient boosted trees and random forest models. The decomposed expected return esti-
mates enable merger arbitrage investors to form trading strategies that yield higher absolute
and risk-adjusted returns, measured as alpha in a Fama-French five-factor regression, com-
pared to the benchmark strategy of engaging in all merger arbitrage trades. Furthermore,
constructing an aggregate expected merger arbitrage return series, using the cross-sectional
average of the decomposed expected return estimates, reveals that the aggregate merger
arbitrage risk premium has been consistently low over the last decade. This phenomenon
cannot be uncovered using the cross-sectional average of realized merger arbitrage returns,
demonstrating that the decomposition proposed in this paper has value beyond improving

the returns of merger arbitrage investors.
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7 Appendix

7.1 Model Structure and Optimization
Logistic Regression

A logistic regression is a generalized linear model that uses the logit link function to relate
the linear combination of explanatory variables X; and a vector of associated coefficients
to the conditional log-odds:

PrivilXil '\ _ ry
In <1 — P?“[yi|Xi]) =60"X; (21)

Which leads the functional form of the conditional probability to be:

M%) = 1o (22)

Note that the notation above assumes that a vector of ones is added to the complete data
matrix of all explanatory variables so the model contains a constant. The objective function

that we will look to maximize is the log-likehood:

£40) =3 (w10 f(X:i0) + (1= ) n (1 - £(X:0))

. (23)
= (yzﬁTXi —In (1 + exp{QTXi})>
i=1
Which will have the following score functions:
o) X
— = Xy — f(X;0)) = 24
o0~ L i(vi— F(X530)) =0 (24)

There is no closed-form solution to these score functions and some sort of numerical op-
timization is therefore required. In this paper, the Newton-Rhapson algorithm is used for

optimization.

74



Penalized Logistic Regression

The functional form of this model is exactly the same as for the standard logistic regression
model, and the difference between them arises from the objective function. More precisely,
the objective function we are looking to maximize is the log-likelihood function in Equation

(23) with an added extra term, penalizing large values in 6:

max {i (yiQTXi —In (1 - exp{@TXi})> Iil ( (1— )02 + alb; |)] (25)
Note the notation of the last summation sign that indicates no penalty is applied to the
constant. This particular penalization scheme of the regression coefficients is the elastic net
penalty of Zou and Hastie (2005) and is equal to a ridge penalty when ov = 0, a lasso penalty
when a = 1, and a compromise between the two when « is between 1 and 0. This type of
penalty can considerably improve out-of-sample performance if the number of explanatory
variables, p, is large. The reason is that the “ridge part” of the penalty will tend to give highly
correlated variables the same level of importance, while the "lasso part” of the penalty allows
for a sparsity. This also means that, unlike the standard logistic regression, there are two
hyperparameters (A and «) to be determined with the validation set. The SAGA algorithm
of Defazio et al. (2014) is used to find the optimal values of 6.

Linear Regression with Elastic Net Penalty

Like in the case of logistic regression with an elastic net penalty, linear regression with
elastic net penalty has the same objective function as the standard version but with an

added penalty term:

N p+1
. T PRy
min ;(yz 0" X;) +/\Z< (1 —a)t; + alb; |>] (26)
With N (y; — 67 X;)? being the loss function of a standard linear regression. Note that
we are minimizing this objective function with respect to # and thus add the penalty term
instead of subtracting it like in the case of the logistic regression. The objective function
is minimized via coordinate descent method described in Friedman et al. (2010), and the

hyperparameters (A and «) are found via the validation set.
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Ensembles of Trees

This appendix section briefly covers the basics of how a single decision tree is structured
and trained, and then introduces the two ensemble of trees classification models used in this

paper, namely, a random forest and gradient boosted trees.

A single decision tree is a nonparametric function that has the potential to accommodate
many different forms of interactions between explanatory variables that other methods might
find difficult. A decision tree, in its simplest form, starts by making a binary split of the
feature space based on a single explanatory variable, which creates two distinct feature
spaces. Next, the decision tree splits one, both, or none of the two feature spaces into two
new distinct feature spaces. This process continues until some stopping criteria is fulfilled.
The final distinct feature spaces produced by the decision tree is referred to as end nodes.
When using decision trees for classification purposes, the output of the decision tree can
either be a binary indicator (0 or 1), based on the majority class of each end node, or
the proportion of data points that belong to class 1. Since this paper is concerned with
estimating conditional probabilities, the latter of the two is the natural choice of output,
since it is more naturally interpreted as a probability. Formally, that means the output of a

classification decision tree will take the form:

success k
1[X; €R 27
Z_: Ntotal k k] ( )

Where K is the total amount of end nodes, £ is a particular end node, Ngyccess.k and Niotqr 1 are
the number of successful and total M&A deals in end node k, respectively, while 1[X; € Ry]
indicates whether or not X; belongs to the distinct feature space R;. An example of a
decision tree with three variables (z1, 25 and x3) and its associated output functions can be

seen in Figure 7.

Searching through all possible splits for each internal node, whilst also taking into account
what that means for all subsequent splits, is computationally infeasible even with a low
amount of explanatory variables. Therefore, each split is decided through a greedy approach
as in Breiman et al. (1984). There are multiple ways of judging a split’s ability to classify

the data, but a common one is the gini impurity measure, which is therefore used in this

paper:

N, N
I —9 success (1 . success) _ 2p 1— P 28
¢ Ntotal Ntotal ( ) ( )
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Specifically, if for some split in an internal node we have some subsample Ny igina, that
is being split on a variable j at point s, thus producing two distinct feature spaces with

observations N; and N,., we look to solve:

.| N, s . . N, (7,5 . .
min [MQPl(], S) (1 - pl(j, S)) + ﬁ2pr(]7 3) (1 - pr(]? S))] (29)
758 Noriginal Nom’ginal

Where p; and p, indicates the proportion of successful M&A deals in the left and right split,
respectively. This process starts at the "root” of the tree with Nyiginas being the entire
dataset, and proceeds until the tree has reached a certain depth, which is a hyperparameter

that will be chosen through the validation data.

Now that the basic classification decision tree has been covered we can move on to the
actual models used in this paper. The first of these is the random forest model described
in Breiman (2001). A random forest is an ensemble of individual decision trees trained on
bootstrap samples of the original dataset, with the goal of reducing the variance of the model
compared to a single decision tree. In addition to training several individual decision trees
on boostrap samples, each split for every individual tree only considers a random subset of
the explanatory variables, m, where m < p, with p indicating the number of variables. This
further reduce the correlation between individual decision trees. Formally, the output of a

random forest model is:

F(Xii) = 5 3T X0 (30)

Where B is the total amount of individual decision trees and T,(X;; ;) is the output of
decision tree b, with 6, containing the information about the split variables and split points.
The hyperparameters to be chosen with the validation set are the number of individual

decision trees, B, and the max depth of the individual decision trees.

The second and final model based on decision trees is the gradient boosted trees model
of Friedman (2001). Just as with the random forest model, the gradient boosted trees model
trains a large number of individual trees. However, there are some significant differences
compared to the random forest model. First of all, the first tree, 77, is actually not a tree

at all, but instead simply the log odds of the training data:

(70 -
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Secondly, every subsequent tree is trained to minimize some loss function with respect to

the training data, which in our case is the negative binomial log-likelihood:

N

min [— > [y In (ot (X0) + (X)) = (1— 1) (m (1= foa(X) + T(XQ))H (32)

=1

Where f,—1(X;) = Y021 U71T;(X5;6;) is the complete model before including tree b. Note
that [ is a scaling factor in the [0, 1] range that will be found through the hyperparameter
optimization step. The final step of the gradient boosted trees model is to let the model

output go through the logistic function o(z) = m, thus making the final output of
the model:
1
[(Xi;0B) = (33)
1+ exp {21])3:1 =T ( X5 91,)}
Original Dataset
True 25 > 05 False
True o> 01 False True 25 > 0.0 False
True =03 False
| et py
Ry Ry Rs Ry Rs
f(x € Ry) f(x€Ry)  f(x€Rs) f(xE R f(x € Rs)
Il | | I Il
Nsuccess,l Nsuccess,Z Nsuccess,?) Nsuccess,4 Nsuccess,5
Ntotal,l Ntotal,Q Ntotal,?) Ntotal,4 Ntotal,5

Figure 7: Decision Tree Example. This figure shows an example of a classification decision
tree with three variables: x1, x5, and x3. At each split, the decision tree sends an observation
down one path or another depending on the value of a specific variable. This happens until
you reach an end node, which in this tree is one of five (Ry,...R5) distinct feature spaces.
The output of the decision tree is then the proportion of successful cases to total cases across
all training observations in that same end node.

Modifying Random Forests and Gradient Boosted Trees for Regression

The overall structure and training process is identical when applying the random forest and
gradient boosted trees models for regression purposes. The thing that changes is the impurity
measure used for assessing the quality of a split and the way the output is calculated for

end nodes. Instead of the gini impurity measure in Equation 28, the model uses the mean
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squared error instead:

=1

Ntotal 1 Ntotal Ntotal .9
Luse = Y. |vi— Nov Syl =D wi—y) (34)
tota i

Which changes 29 to:

. Ni(5,s) . Nr(3,5)
min {NZW) 3 <yi—yl)2+M 3 <yi—yr>2] (35)

1,8 Noriginal i=1 Noriginal i=1

The end node output of individual decision trees also changes from 27 to:

f[(X3) = Zykﬂ[Xi € Ry (36)

With y, being the average outcome of all observations belonging to the feature space k.

Neural Networks

Neural networks are an extremely flexible class of models that come in a lot of different
variations. However, in this paper, only the straightforward “vanilla” feed-forward neural
network is considered. An illustration of such a neural network (with one hidden layer)
is illustrated in Figure 8. For the empirical analysis in Section 5 three different neural
networks are considered with one, two, and three hidden layers, respectively.!® As can be
seen in the figure, the neural network starts of by feeding a linear combination of all p
explanatory variables (plus a constant or “bias”) through M different “activation” functions
gV i R — R. Several different types of activation functions can be chosen (identity, sigmoid,

softmax, hyperbolic, etc.), but in this paper the rectified linear unit function (ReLU) is used:

gV(X) = ReLU(x) = max(0, x) (37)

Going from the hidden layer to the output layer we have another function ¢® : R — R that
takes as input the linear combination of the neurons in the hidden layer and transforms it to

some output. Since we are interested in a probabilistic output in the [0, 1] range, a natural

15 The NN1 model will have one 12-neuron layer, the NN2 model will have one 12-neuron layer feeding into
a 6-neuron hidden layer, and the NN3 model will have one 12-neuron layer feeding into a 6-neuron layer
feeding into a 3-neuron layer.
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Figure 8: This figure shows an example of a feed-forward neural network with 1 hidden
layer. The linear combination of the raw input variables (zy,...x,) are feed through A
different functions (ggl),...,g](\})), which results in M neurons in the hidden layer. The linear
combination of these neurons are then in turn fed through a function ¢®, which gives the

final scalar output of the neural network 7.

choice of output function is the logistic function:

1
D)= ————— 38
Which formally results in the neural network model of Figure 8 taking the form:
1
f(X5;0) (39)

B 1 + eXp{_ E]]\il (maX<Oa Wsz + bj)woutput,j) + boutput}

Where 6 denotes all the parameters, namely the weights and constants associated with the
activation functions as well as the output function. The objective function that we are

looking to minimize is the penalized cross-entropy:

g =32 (1 (X50)) = (0= ) (1 FX30)) + AIWIE] (a0

i=1
Where A|[|W||3 is a scaled L2-penalization on the entire set of weights. Multiple algorithms
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have been developed for solving this type of objective function for neural networks, with
most of them being some variation of the stochastic gradient descent (SGD) method. One
such variation of the classic SGD method is the ADAM algorithm of Kingma and Ba (2014),
which is used in this paper. The only hyperparameter that needs to be tuned through the

validation data is the regularization strength ().

Modifying Neural Networks for Regression

When using the neural network models for regression purposes, the overall structure and
the activation functions are the same. The only thing that will change is the final output
function and the objective function that we seek to minimize. Instead of the logistic function,

the output function will simply be the identity function:
9P(@)=x (41)

So that the output of the neural network in Figure 8 instead becomes:

M
f(sz ‘9) - Z maX(O, W?Xz + bj>woutput,j + boutput (42)

j=1
The objective function will still be optimized with the ADAM algorithm, but will take the

form:
N

[ A
min |37 oy = F(Xa0)|[3 + SIWII3 (43)

=1

7.2 Model Training Procedure

The specifics, of the train-validation-test scheme in this paper, are as follows. Initially, the
first (measured chronologically) 37.5% of the total dataset is used as training data, the next
12.5% as the validation data, and the last 50% as test data. For the particular dataset of
this paper, this means that all M&A deals from 2001 and onwards are used as the test data
for an out-of-sample analysis. Using the training data, both the classification and regression
models are trained with different sets of hyperparemters (e.g. the number of base learners
in the random forest model), and the performance of the models, based on some objective

function, are then judged on the validation data. The model with the best performing
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hyperparameters are then re-trained on the combined training and validation data. Then,
out-of-sample predictions are made for the first year of the test set, after which the above
procedure is redone, with the first year of the test set now being included in the training-
validation data. This is repeated until predictions have been made for all of the original
test set observations. The measures used for hyperparameter tuning are the brier score (for

classification models) and the mean squared error (for regression models):

1 N

BS =+ Z:(fC(Xi; 0) — D;)? (44)
MSE = ]1[ Z:(fR(XZ-; 0) —r;)? (45)

7.3 Probability Calibration

Probability calibration is performed, on all of the classification models, after hyperparameter
tuning and therefore utilize all non-test data. Specifically, the non-test data is split into five
pairs of training-validation sets with a ratio of 80%-20%, just as you would in a normal
5-fold cross-validation procedure. Then, for each training set, Ts, with s € [1,2,....5], a
classification model, f.(X;), is trained. Each classification model is then used to make
predictions for all observations in its corresponding validations set V. For each of the five
validation sets, a new model is trained to predict the outcome of each M&A deal, using the
predictions of f.(X;) as its input. These new models are denoted g; ( fcs(Xi)) with each of
them also giving an output in the [0, 1] range. The final out-of-sample prediction for a given

classification model is then the average prediction of the five g, models:

RIS WACHEY) (16)

For g,, two common choices are considered: Platt scaling (Platt et al. (1999)) and an isotonic
regression (Robertson et al. (1988)). The results reported in the paper are from using the

isotonic regression, but the results are qualitatively the same if Platt scaling is used.
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7.4 Variable Importance Measure

Algorithm 1 shows the exact procedure for calculating the variable importance measure used

for the classification models of the paper.

Algorithm 1: Calculating Variable Importance
Input: A fitted model fo(X; é) and associated outputs on the test data.

Initialize: Compute brier score of test data BS,us(fo(X; 9), Ts).

for every j do
Set k=10

repeat 5 times
Set k=Fk—+1

Randomly shuffle all z; resulting in a corrupted test dataset 7§j b

Calculate BSgs(fo(X; é)» Ejk)

end
Set VI;* = 1330, [BSoos(fo(X:0), T7*) = BSous(fe(X:0),T5)]

end

for every j do
Set V]J =

vIirew
J
J
2im VI

end

Output: Vector of VI,’s

7.5 Data Filtering

Here, the filtering and construction of the combined data sample from Thomson ONE,
Compustat, and CRSP is described. To begin with, deals from the Thomson ONE database
are extracted, with the following restrictions:

o Target company is a U.S. publicly traded company.

o The deal is either an all-cash deal or an all-equity deal.

o The deal involves buying 100% (or the remaining stake) of the company and is not a

bankruptcy acquisition.

o There is available information about the initial offer (cash price for cash deals and

exchange ratio information for equity deals).

83



The companies that pass the filtering above is then linked to the Compustat and CRSP
database through their historical CUSIPs. Finally, M&A deals, in which the target share
price jumps above the offer price after announcement, are removed.'® This final filtering
deserves a more in-depth explanation. As an example, imagine if a deal is announced in
which company A wants to acquire company T for $10 per share, with a current share price
of $8 for company T. After the announcement, the share price of company T jumps to $12.
How can this jump to $12 per share be rationally explained? There are four (five) possible

explanations:

1. Investors expects at least $2 worth of dividends to be paid out by company T between

now and the time of deal closure.

2. Investors believe the terms of the deal will be adjusted upwards so the offer price equals

$12 per share or more.

3. Investors believe that a competing offer with an offer price of $12 per share or more

will be presented and accepted.

4. In a world of asymmetric information, the deal announcement might signal to investors
that company T is worth $12 per share or more and investors actually believe this deal

is more likely to be unsuccessful (so they do not lose $2 per share).

5. (Some combination of the above).

All explanations clearly violate the simplifying assumptions of investor expectations for the
decomposed modelling approach in Section 2. Even with this final filtering it cannot be
concluded that the assumptions hold for the remaining deals, but it is less likely that they
severely violated. All results of this paper still hold qualitatively if this final filtering is
omitted, but the results become quantitatively weaker. The size of the dataset, after each

filtering step, can be seen in Table 11.

16 The offer price is the cash price for cash deals and the exchange ratio times the acquiring company’s share
price, after announcement, for equity deals.
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Observations
Keep only public U.S. firms 67,034
Keep only deals that:
Are all-cash or all-equity deals.
100% merger or acquisition. 8,071
Not a bankruptcy deal.
Have information on initial deal terms.

Keep only deals with a valid CRSP/Compustat link 6,899
Keep only deals with necessary price data 6,233
Keep only deals with target share price below offer price 4,828

Table 11: Data Filtering. This table shows the total number of deals in the entire sample
after each filtering step.

7.6 Explanatory Variables

The (target) firm specific variables of this paper are the 94 variables of Green et al. (2017),
excluding the ones using I/B/E/S data, reducing the number to 87.17 The 87 firm specific
variables include balance sheet, cash flow, income statement and share price information.'®
The primary reason for not including company variables related to the acquiring firm, is

that a lot of acquirers are foreign or private entities without any firm variables. Requiring

acquirer firm variables would therefore shrink the dataset substantially.

As in Gu et al. (2020), the firm specific variables are augmented with 9 macroeconomic
variables: dividend-price ratio (dp), earnings-price ratio (ep), book-to-market ratio (bm),
net equity expansion (ntis), Treasury-bill rate (tbl), term spread (tms), default spread (dfy),
stock variance (svar), and the overall market return (mktr). This data is extracted from

Amit Goyal’s personal website. Finally, 15 M&A deal specific variables are added:

1. Cash: Indicator variable that takes the value 1 if it is an all-cash deal.

2. A Exp: Indicator variable that takes the value 1 if the acquirer has successfully acquired

another company in the 2 years prior to deal announcement.

3. Friendly: Indicator variable that takes the value 1 if the board of directors of the target

company is backing the merger/acquisition.

4. US: Indicator variable that takes the value 1 if the acquirer is also a U.S. entity.

17 Excluding I/B/E/S variables is due to a lot of missing data, especially in the beginning of the data period.
18 An adapted version of the SAS code available on Jeremiah Green’s website has been used to extract the
87 variables from CRSP and Compustat.
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10.

11.

12.

13.

14.

15.

Compete: Indicator variable that takes the value 1 if an offer is a competing bid.
LBO: Indicator variable that takes the value 1 if this is a leveraged buyout.

TO: Indicator variable that takes the value 1 if this is a tender offer.

Private: Indicator variable that takes the value 1 if the acquirer is a private entity.

Sought: Variable in the range of [0, 100] that is equal to the stake that the acquirer is

looking to acquire in the target firm.

mve/dv: Market value to deal value. The market value is the market value (of the
target company) 1 week prior to deal announcement and deal value is the offer value

in cash or acquirer shares, but scaled as if 100% of the company is being acquired.
atf/dv: Acquirer termination fee to deal value.
ttf/dv: Target termination fee to deal value.

tpremium: Percent increase in target share price post deal announcement compared

to the share price 1 week prior to deal announcement.

rpremium: Offer price divided by post announcement target share price minus 1. With

the assumptions of Section 2 this is equal to Ei[r;|D; = 1].

isp: Implied Success Probability. This measure, first explored in Samuelson and Rosen-
thal (1986) as well as Brown and Raymond (1986), can be viewed as a risk-neutral
probability of deal success under the assumptions in Section 2.2° It is calculated by
setting the expected return of a merger arbitrage trade equal to 0 and solving for the

probability of success. For cash deals it can be calculated as follows:

P p®
ispi,cash = ngjﬁ <47)
Cash; — P, e

For equity deals the expression is a bit more complicated:

(P-(T) P ) — xri(P(A) _pW )

. - i,post ~ * i,pre i,post i,pre
18Di equity — (A) (T) (48>
:Cr’ipi,post - Pi,pre

19 Since the data only includes 100% acquisitions, this will only take a value of less than 100 if the acquiring
company already has a stake in the target company.
20 With the additional assumption of a risk-free interest rate of 0.
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A final transformation of both isp; cesn and i5p; equity i performed to make sure it only

takes values in the [0, 1] range:

Z'Spi,cash/equity = min[max[ispi,cash/equity7 O]a ]-] (49)

The firm specific and macro variables are all recorded on a monthly basis, whereas deal
specific variables are recorded at the first trading day after announcement. Therefore, when
predicting the conditional probability of success or the expected return for a deal that falls
in month ¢, the firm specific and macro variables available at the beginning of month ¢ are
used. However, to avoid look-ahead bias, the yearly firm specific variables are lagged by 6
months, quarterly variables by 4 months, and monthly variables by 1 month. Any missing
firm specific variables at month t is replaced by the median value of the cross-section of all
firms at month ¢. Furthermore, every time a model is trained, and out-of-sample predictions

are made, all the "raw” explanatory variables are transformed as follows:

(raw) . (Training)
O i g] . (50)
J max {X§Traznzng)} _ min [X§Traznzng)}
Where :L'g-:aw) is the pre-transformed variable j for deal i, while min {xéTmmmg )} and max [Xngmmg )]

are the minimum and maximum values of variable j in the training set, respectively. This
ensures that all variables in the training set is in the [0, 1] range and the rest are similarly
scaled but could take on values outside the [0, 1] range if a variable takes on a higher (smaller)

value than the maximum (minimum) of that same variable in the training set.
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Chapter 3

Pricing of Sustainability-Linked
Bonds

with Peter Feldhiitter and Arthur Krebbers.

Abstract

We examine the pricing of sustainability-linked bonds (SLBs), where the cash flows depend
on the bond issuer achieving one or more Environmental, Social and Governance (ESG)
goals. Investors are willing to accept a 1-2bps lower yield due to the bond’s ESG label,
providing evidence of investors caring about environmental impact. Furthermore, we find
the average probability of missing the target is 14%-39% so firms set ESG targets that are
easy to reach. We find that the SLB market is efficient: the prices of SLBs depend strongly
on the size of the potential penalty and there is no evidence of mispricing. Finally, our
results suggest that SLBs serve as financial hedges against ESG risk.

Feldhiitter is at Copenhagen Business School. Krebbers is at NatWest and University of Strathclyde. We
are grateful for valuable comments and suggestions received from Jens Dick-Nielsen, Thomas Geelen, Lena
Jaroszek, David Lando, Lasse Heje Pedersen and seminar participants at Copenhagen Business School.
Peter Feldhiitter gratefully acknowledges support from the Danish Finance Institute (DFI) and the Center
for Big Data in Finance (Grant no. DNRF167).
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1 Introduction

Sustainability has become a central concern for governments, corporations, regulators and
investors. A number of financial securities, particularly debt instruments, designed to align
financial incentives with ESG objectives have come to existence in the past decade. For
example, sustainable bonds where revenues from the bond issue are limited to funding ESG
investments, have grown tremendously in recent years. Critics argue that companies have
no direct financial incentive to act ESG-friendly once such bonds are issued. As a potential
solution to this incentive problem, firms have recently begun to issue sustainability-linked
bonds (SLBs). In contrast to sustainable bonds there are no limitations on how the proceeds
are used, but bond cash flows are tied to the company achieving future ESG goals. In a
typical SLB structure, the firm commits to a future carbon reduction target, and if the
target is not met, the bond’s coupon increases. Compared to standard sustainable bonds,
SLBs may be more effective at directing companies to contribute to a sustainable economy.
However, if firms choose easy targets or SLBs are mispriced as Ko6lbel and Lambillon (2023)

find, SLBs will not work as intended.

In this paper, we extensively examine the pricing of SLB. We calculate the SLB price
premium as the price difference between an SLB and a synthetic identical ordinary bond
with no ESG label and find 1) investors are willing to pay a premium for the ESG label
itself, 2) there is a strong relation between the SLB price premium and the penalty size for
missing the target, 3) the average SLB price premium is less than the sum of penalties, i.e.
“no arbitrage”, 4) the average probability of meeting the target is high at 61%-86%, and 5)
evidence that SLBs serve as hedges against ESG risk.

We calculate the SLB price premium as the price difference between the SLB and an
ordinary bond. To take into account differences in coupon rates between the SLB and
ordinary bonds, we start by calculating an SLB yield premium and then convert it to an
SLB price premium. The SLB yield premium is calculated in the secondary market as the
difference in yield spread between an ordinary non-labelled bond and an SLB, both issued
by the same firm. Specifically, on a daily basis, we match each SLB with two non-labelled
bonds that have a longer and shorter maturity and interpolate the non-labelled bonds’ yield
spreads to generate a non-SLB synthetic yield spread with the same maturity as the SLB.
The difference between the synthetic yield spread and the SLB yield spread is the SLB yield
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premium. We convert the SLB yield premium to an SLB price premium,
SLB price premium = SLB bond price - ordinary bond price,

using our pricing model.

We first investigate if investors are willing to pay a markup for the ESG label itself.
Evidence from the literature on green bonds has established that investors are willing to pay
a markup for a green bond label (Zerbib (2019), Caramichael and Rapp (2022), Feldhiitter
and Pedersen (2023) and others), implying that ESG investors accrue non-pecuniary benefits
through indirect ownership of green assets (Bonnefon et al. (2022)). Since SLBs are not tied
to specific assets, a green bond markup does not imply an SLB markup. If the impact of
investment decisions is important for investors (Moisson (2022)), however, they would pay a
premium for SLBs because the bonds incentivize firms to take ESG-friendly actions. Testing
if investors are willing to pay a markup for the ESG label of SLBs on its own is difficult
since one would need to separate the value of potential additional cash flows to bondholders
from the value of the ESG label itself. To circumvent this difficulty, we use a subset of SLBs
that have a penalty defined in terms of donations or carbon offset. These bonds are ideal
for studying the value of the ESG label, because there are no potential additional payments
to bond holders and therefore the SLB premium must be due to the ESG label itself. We
find a positive but modest SLB yield premium of 1.9bps — which we call the sustainium —

for this subset of SLBs providing empirical support for the importance of impact investing.

Turning next to our main sample of SLBs where investors do receive additional cash
flows if the firm fails to reach the ESG target(s), we investigate the size and determinants of
the SLB price premium. We find that the SLB price premium is strongly positively related
to the penalty size — the sum of penalty cash flows in case the firm fails to reach the ESG
target(s). This result indicates that, as basic financial theory predicts, the market accounts
for the size of optional cash flows. Surprisingly, Kélbel and Lambillon (2023) report that the
SLB premium is larger than the sum of penalties. This may be the case if investors misprice
cash flows or are willing to pay a sufficiently large sustainium. If so, firms can engage in
greenwashing by issuing overpriced SLBs with no intention of reaching the ESG target(s).
We find that the average SLB premium is significantly less than the sum of penalties and,

thus, our results suggest no evidence of such greenwashing potential in the market.
Investors and regulators voice concerns that targets “lack ambition and are too easy to
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meet”!, which is why the International Capital Market Association recommends that targets
are ambitious and “beyond a Business as Usual trajectory” (ICMA (2020)). In a survey
of professional investors in 2021, investors’ main concern regarding SLBs was the “risk of
greenwashing”.? If correct, firms can engage in greenwashing behavior by issuing SLBs with
targets that are easy to reach and then earn the sustainium. We investigate whether these
concerns are warranted by estimating the probability of firms missing their ESG target(s). To
do so, we exploit that many SLB issuers follow the International Capital Market Association’s
guidance and publish historical values of Key Performance Indicators (KPIs) on which the
targets are based. We assume that the KPI follows a generalized Wiener process, calibrate
the parameters to historical values and use the parameters to calculate the probability that
the future target will be missed. We calculate the probability under different scenarios and
we find that the average probability of missing the target is only 14%-39%, depending on
assumptions. Even under the most relaxed assumption about the firm’s commitment, that
the future commitment is the same as the historical commitment, the probability of missing
the target is only 39%. This suggests that targets are indeed too soft and business-as-usual,

interpreting business-as-usual as continuing a historical trajectory in the future.

Finally, we estimate the risk premium associated with ESG risk for the SLBs with ESG-
linked cash flows. To do so, we first regress the yield sustainium on firm characteristics
for the subset of SLBs with no ESG-linked cash flows, and use the regression coefficients
to estimate the yield sustainium for the larger sample. Then, we use the estimated yield
sustanium to calculate the price of a synthetic SLB bond — sustainium-only price — with the
same maturity and coupon, but without ESG-linked cash flows. We compute the price of

the optional ESG cash flows as:
ESG cash flow price = SLB bond price - sustainium-only bond price,

and use the estimates of probabilities of missing the target in conjunction with our pricing
model to compute the expected present value of the optional ESG cash flows, E[ESG cash
ﬂows}. The ESG risk premium is then:

ESG risk premium = E[ESG cash ﬂows} - ESG cash flow price.

1 See for example Reuters, November 9, 2022, “Explainer: Decoding COP27: the many shades of green
bonds” (https://www.reuters.com/business/cop/decoding-cop27-many-shades-green-bonds-2022-11-09/ .

2 https://gsh.cib.natixis.com/api-website-feature/files/download /11818 /SLB-Survey-Short-Results_2021-
03-FinalVersion LAST.pdf.
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There is no consensus on the sign of the ESG risk premium, and for the most common
targets related to greenhouse gas (GHG) emissions, there are arguments for both a positive

3 The risk premium would be positive if, when the economy

and negative risk premium.
experiences a positive growth shock, output and GHG emissions increase (Nordhaus (1977)).
In these states of high consumption, firms are more likely to miss their ESG targets and SLBs
pay out additional cash flows. The risk premium would be negative if global warming, caused
by GHG emissions, results in higher risk of climate disasters leading to a negative macro-
economic shock (Bansel et al. (2019)). In such a scenario, SLBs act as a hedge against climate
risk, since firms have not reduced GHGs and SLBs pay out extra cash flows. We find that the
average risk premium is negative and statistically significant in most specifications, providing
evidence that SLBs serve as financial hedges against ESG risk. However, the evidence for a

negative risk premium is weak for SLBs where targets are tied to GHC emissions, suggesting

that the negative risk premium is not driven by a negative climate change risk premium.

The theoretical model uses the intensity-based method proposed by Lando (1998) and
Duffie and Singleton (1999). There is a stochastic riskfree interest rate, the firm defaults
with a stochastic default intensity and, in case of default, bondholders receive a stochastic
recovery rate. Investors may have a stochastic convenience of holding an SLB, which we
denote the sustainium. The firm sets one or more future ESG targets and for each target
there is an incremental set of future cash flows bondholders receive if the target is not met.
We derive the bond price and provide closed-form solutions in the case of a constant interest

rate, default intensity, sustainium and recovery rate.

Our work is most closely related to Kolbel and Lambillon (2023) who compare the SLB
yield at issuance with the issuance yield of a non-SLBs from the same issuer issued no more
than five years apart. We refine their approach as we match the secondary market SLB yield
spread with an interpolated yield spread from non-SLB bonds from the same issuer on the
same day. Thus, while we compare SLB and non-SLB yield spreads from the same issuer
on the same day, Kélbel and Lambillon (2023) compare SLB issuance yields with yields of
ordinary bonds that are on average issued 1 1/2 years earlier and changes in riskfree rates,
macro variables, and issuer-specific credit risk introduces noise in their results. Furthermore,
in contrast to their paper, we estimate a model, estimate the sustainium, the probability of

hitting the target and investigate ESG risk premiums. We focus on pricing SLBs in this paper

3 See Giglio et al. (2021) for an extensive review.

93



and do not study the optimal design of SLBs. Our anecdotal evidence indicates that the size
of penalties relative to overall interest expenses is low, making it unlikely that the value of
the ESG-related penalties in itself have a material impact on firms’ transition to a greener
economy, and Berrada et al. (2022) provide a theoretical framework for understanding the
relation between firm effort and size of penalties. Erlandsson and Mielnik (2022) provide a
pricing model for SLBs and calibrate it to two bonds at issuance while we have an extensive

sample of SLB bonds over a longer period.*

The structure of the paper is the following. In Section 2 we provide an overview of the
market for SLBs. Section 3 describes the model and estimation approach, while Section 4

details the data. Section 5 describes the empirical results and Section 6 concludes.

2 Sustainability-Linked Bonds

A variety of new debt securities have been introduced in recent years to aid firms make
the transition to a greener and more socially responsible economy. For instance, the pro-
ceeds from green bonds are restricted to green projects, the proceeds from blue bonds are
used for investments in healthy oceans, while funds raised from social bonds are used for
projects that have a positive impact on society. Such debt securities do not impose any lim-
itations on the company’s future behavior once the underlying projects have been funded.
Sustainability-linked bonds (SLBs), a more recent innovation that was introduced in 2018,
are fundamentally different from other ESG-related securities. SLBs directly link the cash
flows of the bond to one or several ESG-related Key Performance Indicators (KPIs) rather
than placing restrictions on how bond proceeds are used. This implies that the firm have

financial incentives to act in an ESG-friendly manner after the bonds are issued.

For the purpose of illustration, consider a typical SLB: a 10-year bond issued by General
Mills on October 14, 2021, with a fixed coupon rate of 2.25% and semi-annual payments.
General Mills” annual coupon rate will increase by 25 basis points starting on April 14, 2026,

if it is unable to reduce scope 1 and scope 2 greenhouse gas emissions by 21 percent by

4 More broadly, there is a growing literature on green bonds including Zerbib (2019), Baker et al. (2022),
Caramichael and Rapp (2022)), Flammer (2021), and Larcker and Watts (2020). Pedersen et al. (2021),
Pastor et al. (2021) and Feldhiitter and Pedersen (2023) investigate pricing in presence of ESG investors
and Engle et al. (2020), Ilhan et al. (2021), Huynh and Xia (2021), Seltzer et al. (2022), Bolton and
Kacperczyk (2021), Bolton and Kacperczyk (2022), Oehmke and Opp (2022) and Avramov et al. (2022)
look at the pricing of ESG risk.
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the target date May 25, 2025, in comparison to a benchmark for 2020. The cash flows of

the bond is illustrated in Figure 1. To assess how large the penalty is relative to the size

()

Target Not Achieved

Target Achieved

R CrorT

21/10/14  22/04/14 25/10/14  26/04/14 31/10/14

Figure 1: SLB issued by General Mills in 2021. This figure illustrates the possible cash flows
of the SLB issued by General Mills on October 14, 2021. The bond has a fixed semi-annual
coupon of 1.125% and if General Mills fails to achieve a target reduction of 21% in scope 1
and scope 2 greenhouse gas emissions by 2025, the semi-annual coupon increases by 0.125%.

of General Mills, we note that the offering amount of the SLB is $500mio, so the annual
penalty amounts to $1.25mio. Additionally, General Mills had a sustainability-linked loan
with a notional amount of $1,000mio and a maximum penalty of 10bps. Overall, this implies
a penalty of $2.25mio if General Mills miss both targets. For comparison, the firm’s interest
expenses in 2021 was $430.9mio according to their annual report, so missing sustainable-
linked targets would only increase their interest rate expenses by 0.52%. The firm may
issue more SLBs with higher penalties in the future as the market matures, but the current

penalties are too small to affect the firm in a material way.

A recent example of triggered SLB penalties is Enel. The Italian energy company trig-
gered a penalty of 25bps on ten SLBs on April 23, 2024 by missing its greenhouse-gas
emissions targets ( Fitch(2024)). The higher coupons means an additional interest expense
of EU R 25mio ($26.8mio) amounting to 0.44% of Enel’s overall interest expenses (according
to their 2023 annual report), suggesting that the SLB market has not yet matured to an

extent that penalties have a sizeable impact on total interest expenses.

It is advised by the International Capital Market Association that firms publish at least
three years of historical values of their target KPIs and the historical greenhouse gas emissions
of General Mills are shown in Table 1. General Mills must reduce emissions by 32.9% in
2025 compared to 2018. A reduction of 19.3% was made in 2019 alone, but this was followed
by an increase of 5.6% in 2020.
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2018 2019 2020 2025 (Target)

GHG Scope 1 and 2 Emissions
(million metric tons of CO2e) 088 071 0.75 0.59
YoY Reduction (%) -19.32  5.63

Table 1: General Mill’s greenhouse gas emissions. Historical data for scope 1 and scope 2
greenhouse gas emissions by General Mills, provided in the second party opinion by Institu-
tional Shareholder Services Inc ahead of General Mill’s issue of a 10-year SLB on October
2021.

The development of the SLB market is depicted in Figure 2. Both the number and
notional amount issued have dramatically increased, as shown in Panel A. Between 2018
and March, 2024, 722 SLBs have been issued. The total notional amount issued for the 722
SLBs is 273 USD billions. Panel B shows that half of the bonds were issued in Europe,
followed by 33 percent in Asia and 12 percent in North America.

Different KPIs, KPI targets, penalty types, and penalty sizes are used to structure SLBs
as Table 2 shows. The most common KPI measures greenhouse gas emissions (GHG),
intended to lower scope 1, 2, or 3 greenhouse gas emissions for the entire company or a
particular segment of the firm’s operations. The second-most popular group of KPIs is
related to renewable energy, such as an increase in the portfolio of renewable energy assets
for energy companies or a greater reliance on renewable energy for non-energy firms. A
significant number of KPIs are concerned with maintaining or raising a company’s ESG
rating. Finally, some KPIs are related to diversity, typically the proportion of minority
groups to the majority. For instance, on September 13, 2021 Suzano Austria GmbH issued
an SLB with one of the KPI targets being to reach a level of at least 30% women in leadership
roles by 2025. “Other” KPIs includes metrics that are company-specific, such as decreased
food and water waste for food and beverage companies or the building of affordable housing

for construction companies.

Table 2 Panel B lists type of penalties and we see that most SLBs are accompanied
by a coupon step up, i.e. an increase in the bond’s coupon. Some bonds have a coupon
step-down reducing the coupon if the company achieves the target. Pure step-downs are
uncommon, whereas coupon step up/down, where the coupon rate can change based on the
KPT’s performance at the target observation date, are more frequent (a common structure
is to let the coupon depend on the firm’s ESG rating). A cash/redemption penalty implies

that the company pays a one-time cash premium or increases the bond’s redemption price.
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Panel A: SLB issuance by year
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Panel B: SLB issuance by region
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Figure 2: This figure shows the growth of the SLB market since its inception in 2018. The
left (blue) bars show the number of SLBs issued each year while the right (green) bars show
the notional amount of SLBs issued (in USD billions). The data is from Bloomberg and
includes all bonds that have a sustainability-linked indicator equal to 1. The data for 2024
ends March 4.

There are 62 bonds where the penalty is to donate money to a charity or buy carbon offset
certificates. The distribution of the size of the penalty for targets with a step-up feature
is displayed in Panel C. Out of 427 SLBs with a coupon step up, 220 (52%) have a 25 bps
coupon increase, 120 (28%) have less than a 25 bps increase, and 76 (18%) have more than

a 25 bps increase.
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Panel A: KPI Type
# of SLBs Issued Issuance Amount (USD Billions)

GHG (Greenhouse Gas) 410 1954
Other 233 72.0
Renewables 125 37.6
ESG Rating 65 16.8
Diversity 38 16.5
Missing Info 36 8.2

Multiple KPIs 268 108.2

Panel B: Penalty Type
# of SLBs Issued Issuance Amount (USD Billions)

Coupon Step Up 427 198.3
Cash/Redemption 86 29.1
Coupon Step Up/Down 68 16.9
Carbon Offset/Donation 62 11.3
Missing Info 36 7.9
Complex 33 7.7
Coupon Step Down 8 0.5

Panel C: Coupon Step Up Penalty
# of SLBs Issued Issuance Amount (USD Billions)

= 25 BPS 220 131.8
< 25 BPS 120 26.0
> 25 BPS 76 39.5
Missing Info 11 1

Table 2: Structure of SLBs. Panel A shows types of KPIs, Panel B types of penalties and
Panel C the distribution of penalty size for SLBs that have a coupon step up penalty. In
Panel A 268 SLBs have multiple KPIs and can thus enter into multiple rows of the panel.
The KPI information is manually collected using a combination of Bloomberg notes, bond
prospectuses, company websites, and second party opinions. The data period is December,
2018 to March, 2024.
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3 A model for sustainability-linked bonds

In Section 3.1 we derive a model for pricing SLBs using the default-intensity method proposed
by Lando (1998) and Duffie and Singleton (1999). We derive the model with multiple
ESG targets, a stochastic interest rate, default intensity, recovery rate, and a premium for
sustainability. In Section 3.2 we simplify the model by assuming constant values for the
interest rate, default frequency, recovery, and sustainability premium, and detail how we

estimate the model.

3.1 A general model

The bond has promised cash flows C1, ..., Cjy at times ¢, ..., t§; and without loss of generality
we assume that we are pricing the bond at time 0. The firm has K ESG factors GJ,j =
1,..., K and if factor j is above some target at time 7}, K;, bond investors receive additional

positive cash flows S{, o vaj at times t{, ...,tgvj, where T; < t‘g <t§,i=1,..,Ny;.

We consider a low ESG factor to be favorable in an ESG sense. For instance, if the ESG
factor is carbon emissions, a firm that has not sufficiently reduced its carbon emissions will be
penalized by having to pay additional coupons if the factor is above the target. A high ESG
factor is positive in some cases, for instance when the goal is to reach a certain percentage
of female employees. In this case we look at —G; and the condition is then —G; > —K.
Some bonds (although none in our empirical sample) have a step-down coupon structure,
such that the coupons are reduced if the firm reaches the ESG target. In this case we think
of the cash flows C',...,C)y; as the cash flows in case the firm reaches the ESG target and

additional cash flows 7, ..., S]jvj as the negative value of the step-down coupons.

Independent of the cash flows, investors may have a convenience of holding the bond, the

sustainability premium or “sustainium”, which we denote w;.

Let \; be the default intensity for the bond-issuing firm and r; the riskfree rate. If the
firm defaults at time 7 bondholders receive d,. We can think of the investor as selling the

bond at default in which case 9§, is the trading price of the bond. The value of bond cash
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flows is (see Lando (1998) and Duffie and Singleton (1999)):

K
PPLE = EY [z;ce I e ﬂ +ZE§9[ @, >K}ZSJ o i et (1)
[ [ b Fsoa .
0
M K N
= ZOZ‘D(T(),)\(),W(),tiC)+ZZS§F(T0,)\0,G K],tz,T> (3)
i=1 j=1li=1
+R<TO7 )\07 Wo, 507 tfj) (4)
Where:
D(ro, Ao, wo,t) = E2 efot(’“s“swf“] (5)
F(ro, Mo, Go, K, 6,T) = E9 1{GT>K}e—fJ<“+*S>dS] (6)
- t u
R(r0, \o,w0,00,t) = EJ / 5u>‘u€7f° (TSJF/\SNS)deu} (7)
LJo

Note that the model takes into account that ESG-investors value penalty cash flows less than
the other bond cash flows since the sustainium is not included when discounting potential
penalties in the last term in equation (1). We decompose the price of the SLB into a standard

bond component and an option:

Bt = 7S+ 0, (8)
M
PéSUS = ZCiD(TO’ )\OaWO;trL‘C) + R(TO,/\O,WO,(s(),t%) (9)
=1
K Nj
OU = ZZSgF(TO,AO,GO’KJ’tg’T) (10)

Where PV is the price of a “sustainium bond” without any option-linked cash flows and
Oy is the value of the option-linked cash flows. The price of an ordinary (non-ESG) bond

with no option features is:

M
= ZCZ'D/(T’(),)\(),QC)—|—R/(7’0,)\0,50,t]\0/[) (11)

i=1
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Where:

D/(TO, )\07t) _ E(C)Q |:6_ fot(rs-i-/\s)ds] (12)

t u
R'(ro, Mo, d0,1) = E(?[/O Sudue o (TSJ”\S)deu} (13)

The lower bound of the option price is zero, Of? = 0, while the upper bound is given by:

K N
05" = > > 8 (14)

j=14i=1

If the ESG factor(s) G are independent of the risk free rate r and the default intensity A,

equation (6) reduces to:
F(TQ, /\0, Gg, K, t, T) = EOQ |:1{GT>K}:| D/(To, )\0, t) (15)

The required dollar compensation for ESG-related cash flow risk — the ESG premium - is:

K Nj
BESGR, = Y SZE(’)D[l{GTJ_>K}]D(ro,Ao,tz)—OO (16)
j=111=1
K N .
S ngg[l{GTj>K}]D'(ro,Ao,tg) (17)
j=1i=1
K N .
=30 Y SIEG | Lir, 210 | Do, Moy t]) (18)
j=1i=1
K Nj
= Z Szj (EO |:]'{GT >K}} - E(? |:]'{GT >K}})D,(T07A07t3> (19)
Jj=1li=1

3.2 A tractable model: Formulas and estimation

We now assume that the recovery rate, default intensity, sustainability premium, and riskfree
rate are constant and estimate the model using a three-step procedure. For a given bond-day,
as Section 3.2 details, we first estimate the price of a synthetic ordinary non-ESG bond with
the same fixed cash flows as the SLB bond but with no option features and no sustainium.
Then, we estimate the price of a bond with a sustainability premium but no option-linked
cash flows as outlined in Section 3.2 and finally we estimate the ESG risk premium as Section

3.2 explains.
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Ordinary bond and estimation of A

The price of an ordinary (non-ESG) bond with no option features, given in equations (11)-

(13) simplifies to:

M
By = > CD'(r,\t) + R(r, A, 6,t5;) (20)
=1
D'(r A\ t) = e Mt (21)
A
/ _ ()t
R(r, A, 6,1) T+A<1 e ) (22)

To estimate the price of an ordinary bond, we first compute the yield spread s?, of an
ordinary synthetic bond at time ¢ with the same time-to-maturity as that of SLB j, T}, by
interpolating the yield spread of two ordinary bonds, one with a shorter maturity 7s; and

one with a longer maturity 77 ;:

o __ TL7t — j—yj)t ]—‘vjat — Tszt

S * SS,t + -
Ty —Tsy

— 23
t Tre—Ts * 5Lt (23)

Where sg; (sz.) is the yield spread of the short (long) maturity bond. If there is not a
shorter and longer maturity bond, but two bonds with either shorter or longer maturity we
extrapolate the yield spread. For example, if there are two ordinary bonds with a maturity

of Ty > T4 > T}, the yield spread of the ordinary bond is:

Toy — T Tje—Thy
* 817t + =V %
Toy — T

s¢

_ 24
»t Tor —Th o2t (24)

The yield-to-maturity of the ordinary bond is y7, = s, + ry1,, where ry7,, is the Tj, — t-

year riskfree rate at time ¢.° We convert the discretely-compounded yield-to-maturity to a

continuously-compounded yield-to-maturity 57 *

or° using the formula 377" = f; * In(1 + ﬁ)’

J,t fj
where f; is the coupon frequency for bond j. The price of the ordinary synthetic bond is
then:

o,cc

M
Py =3 Cie Wi (25)
=1

5 The riskfree rate is the swap rate at time ¢ for the same currency and maturity as the SLB: T, =
yﬂse"”ed — s;?zs”ved, where the superscript observed refers to the actual observed yield-to-maturity and
yield spread for SLB j at time ¢.
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The default intensity 5\]-,,5 is estimated by solving equation (20) for A;,:

M
Pﬁt = Z CiD/(rtyTj,H )‘j,h tzc) + R/(Tt7Tj,t’ )‘J}ta 57 t?/[) (26)
i=1

Where we use the historical recovery rate between 1987-2021 of 34.8% from Moody’s (2022)

as our estimate of the recovery rate 9.

Sustainium bond and estimation of w

We use the subset of SLBs with no option-linked cash flows to compute the price of a synthetic
bond with a sustainability premium but no option-linked cash flows. SLBs with penalty type
“Carbon Offset/Donation” have no options embedded and (absent other frictions impacting
the price such as liquidity) the yield-to-maturity difference between ordinary bonds and
these SLBs is solely due to a convenience of holding the SLB bond. We call these bonds for

sustainium-only bonds.

SUS

Specifically, for sustainium-only bond j at time ¢ with a yield spread of s7/°, and a

j7t
corresponding synthetic yield spread of an ordinary bond of s?,, we estimate the sustainium
SUS ,q.
Wiy as:
SUS _ .o SUS
Wit T S T St (27)

Using all sustainium-only bond-day observations we estimate the regression:
Wi ® = BXju+ € (28)

Where X, is a vector containing a constant and firm-level characteristics, and compute a

firm-time level sustainium for the full sample as:
d)j,t = BXj,t (29)

Where BA is the vector with regression coefficients. The price of a sustainium bond is calcu-

lated as:

M
PRPS =3 CiD(rog, s Ay Qs 1) + R(remy 1, At @, 0, 57) (30)

=1
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With:

D(r,\w,t) = e A=t (31)
o\

R(r. )\ 0,t) = ——(1— (”’\”)t) 32

(r, A, 6, 1) T+A_w( e (32)

Where @;; is the sustainium at time ¢ of the bond issuer, and the sustainium bond premium

for SLB j at time t is I%f?tUS - ]5]"t

ESG risk premium and estimation of E} {1{GT>K}}

The implied option price is estimated as (see equation (8))

AN pSLB,observed HSUS
0y = P oy (33)

j7t

)

We calculate the ESG premium by estimating EF {1 (> Kj}} and inserting the empirical
T

. A P ) . .
estimates O,; and £ {1{GJTj>KJ_}} into equation (16).
We provide several estimates of Ef {1 (> Kj}} based on different assumptions about the
T
firm’s future ESG commitments. To provide empirical grounding for our estimates, they are

based on the firm’s historical ESG commitment.

To estimate the firm’s historical ESG commitment, we assume that G’ follows a gener-

alized Wiener process:
dG] = p;dt + o;dW; (34)

At time ¢t we observe historical observations of the factor at times t] < ) < ... < ti <t

where 1 t/ is one year®. To estimate the parameters i; and o, we note that GjT — G~

g

N(pj(T —t),0%(T — t)> and estimate the linear regression:

Gl —Gl=B+ept="t],...t_, (35)

6 We assume an informational lag of 3 months for KPI data. This means that KPI data for year ¢ — 1
will become available in April of year ¢. The informational lag differs between firms/SLBs and we choose
three as this is a typical lag. The empirical results of Section 3 do not qualitatively change if we use an
informational lag of zero or six months.
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Where €11 ~ N(0,£?). The parameter estimates are then:

po= 0 (36)
6; = ¢ (37)

Based on the historical estimates /i, and 67, (with superscript h to indicate that these

are historical estimates), we make different assumptions about the future p/ and o7/, and

it is then straightforward to calculate Etp {1

— P

{G;j>Kj}} GZ@ > Kj|Gzi]. Specifically, we

include three different assumptions about future firm commitment in our empirical estimates:

Same commitment. In this scenario we assume that the future commitment of the

firm is the same as the past, i.e. u/ = i;, and o/ = 6;,, and issuing an SLB does not

change the ESG behaviour of the firm.

Stronger commitment. In this scenario we assume that the future commitment of the

firm is stronger than in the past by assuming that puf = min(2/i;4,0) and o/ = 6;,. If
SLBs work as intended, issuing such a bond should incentivize the firm’s ESG efforts

and a lower ESG drift captures this increase in effort.

Stronger and more focused commitment. In this scenario we assume that the future

commitment of the firm is both stronger and more focused than in the past by assuming

that 1/ = min(2f;4,0) and of = %@,t. Here, the firm is increasing ESG efforts as
well as focusing more on making sure targets are met, for example through increased

monitoring.

Most estimates of Ef {1 (Gl > K_}} are based on relatively few observations of G’ and are
Tj J

therefore noisy. To reduce the noise, we calculate a shrinkage estimator as in Vasi¢ek (1973)

and Blume (1975) and calculate in all three scenarios a common time-t probability of missing

the target as:

N
Etcom — Z Ef [1{G§j>Kj}] (38)
j=1

Where N is the number of targets for which we can calculate a probability at time t.

Our time-t estimate of the probability of missing the target under any of three scenarios,
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BF {1 {G]%j%}} — 0.25BF {1 {GJ-TPKJ_J 1+ 0.75E5™ (39)

4 Data

In this section we describe the data and Appendix 7.1 provides further details.

We restrict our sample of corporate bonds to fixed-rate bonds with a time-to-maturity of
at least six months. We exclude callable bonds, except if the call option is a make-whole call
or a fixed-price call restricted to the last 3 months (or less) before the bond matures. We
collect price and yield information on all corporate bonds from Bloomberg that are marked
as sustainability-linked until the end of our sample period, March 4, 2024. The yield-to-
maturity on SLBs is calculated using the current coupon without using the information on

potential step-up coupons.

For each SLB we look up comparable ordinary bonds (i.e. not green, sustainable, or
sustainability-linked) on Bloomberg issued by the same company that have a maturity that
is less than four years from the SLB’s maturity and have the same currency and seniority.
Every day, we select two ordinary bonds that have available yield data and with a maturity
closest to but smaller and larger, respectively, than the maturity of the SLB. If it is not
possible to find two such bonds, we look for two ordinary bonds that both have either
shorter or longer maturity. In this case, we choose the bonds with a time-to-maturity closest
to that of the SLB and where the difference in time-to-maturity between the two ordinary

bonds is at least six months.

To calculate transactions-based liquidity measures, we extract transactions from the
TRACE database for bonds issued by FINRA-regulated firms, typically United States dollar
denominated bonds and use the cleaning procedure described in Dick-Nielsen (2009). We
augment the TRACE data with transactions for European bonds, done through the solution
provided by Propellant.digital B.V. European trading venues are through MIFID II required
to disseminate all their transactions in spirit similar to the data collection for the TRACE
database, but unlike U.S. transactions, different venues’ data come in different formats and

are not collected in one database. Propellant provides a software solution that collects the
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major trading venues’ data and allows for one homogeneous data set. Further details are
provided in Appendix 7.1. There are 17,464 transactions across 8,566 bond-days that are
overlapping between the TRACE and Propellant data (transactions with identical volume
and price on the same day) and to avoid double counting these transactions, we remove the

one present in the Propellant data set.

Table 3 shows the coverage of our three main data sources: Bloomberg, TRACE, and
Propellant. A bond-day is in the sample if there is Bloomberg data available on that day
and therefore the number of bond-days with Bloomberg data in Panel A is equal to the total
number of bond-days. Propellant covers more bond-days and bonds than TRACE, while
bonds that TRACE covers has more transactions. Panel B shows the number of bond-days
with data in different regions and we see that TRACE covers predominantly U.S. while
Propellant covers Europe and the coverage of the rest of the world is low. Propellant reports
the trading venue where the transaction took place and Panel C shows that the main trading
platforms are Bloomberg, Marketaxess and Tradeweb and the three platforms have a fairly
similar share of the trading while other platforms have modest transaction activity. Our
data sample starts on September 10, 2019; the earliest issuance date of the SLBs in our final

sample.

After cleaning the data, the details of which can be found in Appendix 7.1, we are left
with a final sample that contains 75 SLBs with 98 associated options’, a combined issuance
amount of 52.53 billion USD, and a total of 24,349 SLB bond-day observations spanning
from April 1, 2020, to March 4, 2024. The data sample contains 10.4% of the total number
of SLBs in the Bloomberg database and 19.2% of the total issuance amount. We see in Table
4 that the distributions of the KPIs, penalty types, and penalty sizes of coupon step ups in
our final sample are similar to those of all SLBs: KPIs related to greenhouse gases are the
most common KPI type and the most commonly associated penalty is a coupon step up of
25 bps. Table 5 shows that on average the SLBs have a time-to-maturity of 6.33 years, a

coupon of 2.29 and an issuance size of 862% million.

7 There are 6 SLBs with three KPIs, 11 SLBs with two KPIs, and 58 SLBs with one KPI.
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Panel A: Data Sources Overview

Bonds Transactions Bond-Days
Bloomberg 1,129 - 551,837
TRACE 81 354,645 32,552
Propellant 366 270,920 79,948
Panel B: Regions

EU US AS Other
Bloomberg | 213,462 53,222 252,507 32,646
TRACE 10,144 20,287 175 1,946
Propellant 72,064 4,864 1,083 1,937

Panel C: Propellant Venues
Bonds Transactions Bond-Days Volume (Millions)

Bloomberg 354 83,021 44,257 65,111.84
Marketaxess 339 66,442 36,330 40,534.62
Tradeweb 330 110,153 46,425 76,149.16
LSE 298 7,333 6,495 3,291.23
Tradeecho 229 3,801 2,508 2,249.17
Tradition 41 158 52 201.33

Liquidnet 7 12 12 11.09

Table 3: Data sources. Panel A summarizes the number of bonds covered and the total
number of observations (at both the bond-day level and the transaction level for TRACE and
Propellant) for each of the three data sources. Panel B breaks down the regional distribution
of all bond-days from each source. Panel C shows the same statistics as Panel A, but for
each individual venue in the Propellant data set. The data covers the period from September
10, 2019, to March 4, 2024.
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Panel A: KPI Type

# of SLBs Issued Issuance Amount (USD Billions)

GHG (Greenhouse Gas) 65 44.1
Other 20 20.0
Renewables 6 6.8
ESG Rating 3 0.6
Diversity 4 3.4
Missing Info 0 0.0
Multiple KPIs 17 15.9

Panel B: Penalty Type
# of SLBs Issued Issuance Amount (USD Billions)

Coupon Step Up 63 60.8
Cash/Redemption 11 104
Coupon Step Up/Down 0 0.0
Carbon Offset/Donation 24 3.7
Missing Info 0 0.0
Complex 0 0.0
Step Down 0 0.0
Panel C: Step Up Coupon Penalty
# of SLBs Issued Issuance Amount (USD Billions)
= 25 BPS 28 30.6
< 25 BPS 21 194
> 25 BPS 14 10.8
No Information 0 0.0

Table 4: SLB sample. This tables shows statistics for the sample of SLBs used in the
empirical analysis. Panel A breaks down the SLBs by types of KPI. Panel B show the types
of penalties most commonly used in the structuring of SLBs. Finally, Panel C show the
distribution of the penalty size for those SLBs that have a coupon step up penalty.

Mean Std Min pl  p25 pb0  p75  p99  Max
Age (In Years) 1.14 077 0.00 0.02 050 1.04 1.71 3.13 3.47
TTM (In Years) 6.33 247 146 201 436 584 864 11.78 12.51
Coupon 229 192 0.00 0.00 050 225 375 738 7.88
Yield-to-Maturity 3.57 214 -0.37 -0.13 1.19 395 531 7.12 8.39
Yield Spread 1.22 092 -057 0.05 048 1.03 1.70 3.87 4.58
Issuance (USD Millions) | 862 514 67 70 500 856 1,190 2,161 2,300

Table 5: Summary statistics for the SLB sample. The distribution of the age, time-to-
maturity, coupon, yield-to-maturity, yield spread, and issuance amount for the final sample.
There are 24,349 bond-day observations in the period from April 1, 2020 to March 4, 2024.
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5 Empirical results

In this section we discuss the pricing of SLBs. We first look at the liquidity of SLBs as well
as ordinary bonds issued by the same firm. Then we investigate if SLBs require a premium
unrelated to cash flows for being labelled ESG and whether SLBs are mispriced. Finally, we

examine determinants of SLB prices and ESG risk premiums.

5.1 Liquidity

The ease with which a corporate bond is traded affects corporate bond prices,® and we
therefore compare the liquidity of SLBs to that of the corresponding regular bonds. We
calculate liquidity of the synthetic ordinary bond as the weighted average liquidity of the
two ordinary bonds that are used to calculate the synthetic yield, where the weights for the

liquidity measures are the same as those used to determine the synthetic yield.

Table 6 shows the average liquidity of SLB bonds and synthetic ordinary bonds. The
transaction-based Amihud measure, trade size and Imputed Roundtrip Cost (IRC) of Feldhiitter
(2012) suggest that SLBs are more liquid than ordinary bonds: the Amihud measure and
IRC are higher and trade size is lower for ordinary bonds. The differences are not statisti-
cally significant and the number of bond-days with computable liquidity measures are only
a fraction of all bond-days, and different for different measures, so it is difficult to draw
conclusions from trade-based liquidity measures that can only be computed conditional on

a transaction occurring.

Trade count, trading volume and bond age can be calculated on all bond days and it is
clear that SLBs are newer bonds that trade more. The average age of SLBs in our sample
is 1.144 years while it is 5.902 years for the ordinary bonds. Given that bonds trade more
frequently when they are recently issued, it is not surprising that SLBs trade more often
(2.467 pr. day vs 1.498 pr. day for ordinary bonds) and that the trading volume is higher
($1.517m pr. day vs $0.900m pr. day for ordinary bonds). The differences in age and
trading volume are highly significant and it is therefore important to control for the liquidity
differences in our results. We do so by adding trade count, volume and age as controls in our

regressions (we restrict the controls to those three liquidity measures in order not to reduce

8 See Friewald et al. (2012), Bao et al. (2011), Dick-Nielsen et al. (2012), Feldhiitter (2012) and others.
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the sample size).”

SLBs Ordinary bonds Difference N

Amihud 0.058 0.077 -0.019 9,238
(0.020)

IRC 0.209 0.225 -0.015 9,595
(0.048)

Trade Size (Millions) | 0.723 0.619 0.104 10,356
(0.065)

Trade Count 2.467 1.498 0.969** 24,349
(0.406)

Volume (Millions) 1.517 0.900 0.617*** 24,349
(0.223)

Age 1.144 5.902 -4.758*** 24,349
(0.721)

Table 6: Bond liquidity. At the bond-day level we calculate the Amihud measure, IRC
measure, average trade size, trade count, volume, and age. The first and second columns
show the average for SLBs and a weighted average of ordinary bonds (where the weights
are the same as those in equations (23)-(24)), respectively. The Amihud and IRC measures
are calculated on a daily basis as in Dick-Nielsen, Feldhiitter, and Lando (2012) and we
winsorize at the 1% and 99% level. Trade count, total volume, and age are calculated on
all bond-days, while average trade size requires at least one transaction on a bond-day to be
computable. Additionally, for the Amihud, IRC, and trade size measures, we use a trailing
90-day average as our final daily measure. The third column shows the difference between
the two groups on days where both groups have observations, while the fourth shows the
number of bond-day pairs with non-missing data. The parentheses show standard errors
(clustered at the bond-level) of the difference. *, ** and *** indicate statistical significance
at the 0.10, 0.05 and 0.01 level, respectively.

5.2 Sustainium

We expect SLBs to trade at higher prices than ordinary bonds issued by the same firm, i.e.
a positive SLB premium, since SLBs have potential future additional cash flows. Part of
the SLB premium may also be due to ESG investors willing to pay a premium for ESG-
friendly securities (Pedersen et al. (2021), Pastor et al. (2021), Feldhiitter and Pedersen
(2023) and others). If ESG investors’ non-pecuniary benefits accrue solely through ownership
as experimental evidence in Bonnefon et al. (2022) suggests, the sustainium may be zero,

since SLBs do not finance specific green projects. In contrast, if investors are concerned with

9 Specifically, we add log(1 + L) —log(1+ Li LB where L%, is the weighted average liquidity measure of
the two bonds used to determine the synthetic yield on day t for SLB j, and LﬁfB is the SLB’s liquidity
measure.
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the actual impact of their portfolio decisions as in Oehmke and Opp (2022) and Moisson
(2022), the sustainium might be significantly positive.

As outlined in Section 3.2 we estimate a bond-time sustainium for a subset of SLBs where
the penalty is in terms of donations or carbon offset. For these bonds, there are no potential
additional payments to bond holders and therefore a yield difference between the SLB and

an ordinary bond, wf{'¥ = s,

Tt — sf?s, can be attributed to the ESG label itself. For these

sustainium-only bonds we estimate the regression:
wit® = BXji+ €4 (40)

Where X, is a vector containing a constant, log(size), equity volatility, leverage, profitability,
Tobin’s q, credit rating, ESG rating, and industry-adjusted ESG rating. Appendix 7.1 details

the calculation of the variables.

Table 7 shows the regression results. There are three variables that have predictive
power for the sustainium: equity volatility, credit rating, and industry-adjusted ESG rating.
In the richest specification (6) the sustainium decreases by 1.62bps for every rating notch.
The standard deviation of credit rating is 1.49, so a one standard deviation improvement
in rating implies an increase of 2.41bps in the sustainium (a higher numeric value of credit
rating implies a lower credit quality). The positive relation between the sustainium and
credit quality has the same sign as the relation between the greenium and credit quality, see
Caramichael and Rapp (2024). The table also shows that there is a negative relation between
industry-adjusted ESG rating and sustainium. A one standard increase in industry-adjusted
ESG rating implies a 2.34bps lower sustainium (the standard deviation of industry-adjusted
ESG rating is 1.28). A potential explanation for the negative relation between sustainium
and industry-adjusted ESG rating is that for green firms the “ESG gap” between ordinary
bonds and SLBs is smaller as implied by the model in Feldhiitter and Pedersen (2023).
Finally, a one standard increase in equity volatility implies a 0.45bps higher sustainium (the

standard deviation of equity volatility is 0.23).

We use regression specification (6) in Table 7 to compute a firm-time level sustainium
for all firm-time observations as:

Qi = BX;s. (41)
If the ranges of firm characteristics are substantially different in the full sample compared
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(1) (2) (3) (4) (5) (6)

Constant 17.01 8.22 717 20.59 9.45 10.18
(21.61) (21.97) (18.87) (16.84) (20.28) (16.45)
Log(size) 1.19 1.03 1.08 1.21 1.04 1.09
(1.73) (1.85) (1.79) (1.74) (1.85) (1.78)

Equity vol 1.97  1.95%*  2.00"** 1.92%  1.93*  1.94**
(0.29) (0.23) (0.29) (0.33) (0.29) (0.33)

Leverage —11.06  —8.39 —8.44 —-11.92 —-8.67 —9.13
(11.53) (10.83) (10.02) (10.25) (10.27) (9.17)

Profitability —-7.13 —4.60 —6.70 —-9.41 —-5.59  —9.30
(15.81) (14.04) (14.92) (13.31) (12.46) (12.51)

Tobin’s g —3.51 —1.13 —3.81 -3.60 —-1.13 —-3.95
(3.41) (2.72) (3.34) (3.39) (2.72) (3.29)

Credit rating —1.54**  —1.23" —1.41" —1.74" —-1.31* —1.62**
(0.40) (0.57) (0.48) (0.65) (0.73) (0.68)
Industry-adj ESG rating —1.47** —1.73**  —1.53" —1.83**

(0.72) (0.62) (0.79) (0.66)
ESG rating —0.63 1.92 —0.60 2.14
(2.55) (2.36) (2.60) (2.35)
Liquidity controls No No No Yes Yes Yes
R? 0.168 0.130 0.173 0.172 0.131 0.178

N 4509 4509 4509 4509 4509 4509

Table 7: Sustainium determinants.  There are 24 SLB bonds issued by 18 firms
with 4,509 bond-day observations with no option-linked cash flows in the sample pe-
riod 2020:04-2024:03. This table shows results of a regression of the SLB premium
(in basis points) on firm characteristics for this subsample. The liquidity controls are

ﬁ Z;\ZUS (log(l + L?.,) —log(1+ LSUS)> i =1,..,3 where LV (L?.,) is the value of

isjit iyt
liquidity variable ¢ on day ¢ for SLB j with no cash flow effects (ordinary bond) and the three
liquidity variables are trade count, trading volume and bond age. Standard errors clustered
at the bond level are in parentheses and *, ** and *** indicate statistical significance at the
0.10, 0.05, and 0.01 level, respectively.

to the sustainium-only sample, this approach would be problematic because the approach
would lead to extrapolation outside the range of the independent variables in the regression.
Therefore, Table 8 shows the distribution of the variables for the sustainium-only sample
as well as for the remaining sample where the bond coupons are linked to ESG targets.
The table shows that firms issuing sustainium-only bonds are smaller, have better credit
rating and lower ESG rating than firms using coupon-linked SLBs. The biggest sustainium-
only issuers are predominantly Japanese — SingTel, Ajinomoto, Mitsubishi, Daiwa, Shiseido,
TDK, ANA, Tokyu, Obayashi, and Asics — while the biggest coupon-linked SLB issuers

are international firms — Optus Finance, Novartis Finance, Sanofi, Enel, Analog Devices,
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Enbridge, Eaton, SK Hynix, Eni, L’Oreal, Air France-KLM and General Mills. Importantly,
we see that there is significant overlap in the distribution of all firm-level variables, validating

the calculation of the sustainium using the regression in equation (41).1°

The average sustainium is 1.89bps in the sustainium-only bond sample, 1.18bps in the
coupon-linked SLB sample, and 1.31bps overall. Thus, the sustainium is small but positive.
The sustainium is similar in sign and magnitude as the average green bond premium of
3.37bps in Feldhiitter and Pedersen (2023). Figure 3 shows the time series of the average
sustainium in the complete sample including sustainium-only and coupon-linked SLBs. The
sustainium is consistently small and positive and largest in the early part of the sample

period.!!

10 In conversions with bond issuers, they often mention two reasons for issuing sustainium-only bonds,
1) rewarding investors if the firm fails ESG goals creates the wrong investor incentives, and 2) if
the coupons are linked to ESG targets, their investors may be forced to treat the overall bond as
a derivative and hence regularly mark to market the position from an SPPI perspective (for more
on SPPI see https://www.bdo.co.uk/en-gb/insights/business-edge/business-edge-2017 /ifrs-9-explained-
solely-payments).

1 At the individual bond-day level, there are a number of negative sustainium observations; 32.0% of the
predicted sustainium values are negative. This is noise at the individual bond-day level that is averaged
out when aggregating in the cross section as the figure shows.
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Figure 3: Yield sustainium. A raw sustainium is estimated by calculating the yield difference
between the yield of non-SLBs and the yield on a subset of SLBs with the feature that
their coupon is not tied to the issuing firm reaching a sustainability target (instead the
firm donates money to sustainability-linked causes). For that sample the raw sustainium is
regressed on firm-level characteristics and a predicted sustainium is computed for all firms
using the regression coefficients. The graph shows the monthly average predicted sustainium
for months with at least four bonds in the sample period with a 95% confidence band using
standard errors clustered at the bond level.

5.3 SLB premium determinants

Absent frictions and the presence of ESG investors, the value of the embedded conditional
cash flows in SLBs will be determined by the size of the cash flows, the probability of the
firm missing the target and a potential ESG risk premium. Kolbel and Lambillon (2023)
find surprisingly that there is no relation between the penalty size and the SLB premium.
If the market does not price SLBs correctly, firm behaviour is unlikely to be aligned with

investor ESG preferences.
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Table 9 Panel A shows the probabilities of missing the target under the different assump-
tions about the future commitment of the firm issuing the SLB (outlined in Section 3.2).
Here, we focus on the subset of SLBs with ESG-linked coupons. The average probability is
between 14% and 39% and quite low for both reducing green house gasses (GHG), 15%-37%,
and non-GHG targets, 11%-41%. According to industry reports, the historical frequency of

missing targets has been low!2

and our results imply that this trend of meeting targets is
due to firms setting easy targets. These results support the concern in the ESG market that

targets “lack ambition and are too easy to meet” and “are too soft”.!3

Panel B shows that the relation between the SLB premium and the penalty size in our
sample is positive and highly significant: the regression coefficient when regressing the SLB
premium on penalty size is 1.05-1.17 depending on specification. Thus investors take into
account penalty sizes when pricing SLBs and higher penalties translate into higher bond
prices as basic financial theory implies. Furthermore, we see that the interaction between
the penalty size and the probability of missing the target is positive in all specifications, as

expected, between 1.05-1.92, and statistically significant in half of the specifications.

We also see in Panel B that equity volatility is a firm-specific characteristic that consis-
tently has statistical significance in explaining the SLB premium: a higher equity volatility
implies a higher SLB premium. A potential explanation is that different types of uncer-
tainty are correlated and equity volatility is correlated with uncertainty about meeting the
target. Indeed, we find that there is a positive correlation between equity volatility and o;
in equation (34)'. Since o; is based on relatively few data points and updated on an annual
basis (when a new historical observation of the factor is released) while equity volatility is
updated on a daily basis, equity volatility will provide current information about o; and thus

the probability of missing the target. While beyond the scope of this paper, calculating the

12 NatWest report that “based on our tracker of selected public SLBs in the FEuropean and
US market, 86% were on track to meet their target at the end of 2022”7 (NatWest,
April 18, 2023, “SLB target misses aren’t mnecessarily a negative: it’s about the con-
text”, https://www.natwest.com/corporates/insights/sustainability /slb-target-misses-arent-necessarily-
a-negative-its-about-the-context.html).

13 Reuters, November 9, 2022, “Explainer: Decoding  COP2T: the many shades
of green bonds” (https://www.reuters.com/business/cop/decoding-cop27-many-shades-
green-bonds-2022-11-09/) and  GlobalCapital,  April 4, 2023, “In defense of SLBs”
(https://www.globalcapital.com/article/2bhpp15s781netjeiefi8 /sri/green-and-social-bonds-and-loans /in-
defence-of-slbs).

14 Since different G;’s have different scales, we calculate a scaled version as gjce!ed

s = log(z %) and the
correlation in the panel of chale‘l and equity volatility is 0.07 both at the KPI-level and at the bond level
(where we compute an average chaled for bonds with multiple KPIs.).
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Panel A: Probability of missing target

All GHG non-GHG
Same 0.39%¥*  (.37%** (. 41%**
(0.01)  (0.01)  (0.02)
Stronger 0.14%*% 0. 11%%F 0. 11%**
(0.02)  (0.03) (0.02)
Stronger & Focused 0.14%FF  Q.15%FF (.12
0.01)  (0.01)  (0.02)
N [19,840] [12,354]  [7,486]
Panel B: Determinants of SLB premium
(1) (2) (3) (4) (5) (6) (7) (8)
Constant 3.56 5.85 6.53 5.89 0.16 2.05 2.15 1.57
(6.01)  (5.80) (6.18) (6.21)  (4.95)  (4.79)  (4.96) (4.96)
Penalty size 1.20%** 1.07***
(0.33) (0.28)
Penalty x Prob (Same) 1.86** 1.55%*
(0.74) (0.66)
Penalty x Prob (Stronger) 1.05 1.08
(0.89) (0.80)
Penalty x Prob (More Focused) 1.92 1.87*
(1.23) (1.11)
Log(size) -0.08 -0.14 -0.13 -0.11 -0.01 -0.06 -0.04 -0.03
(0.33)  (0.32)  (0.34)  (0.35)  (0.29)  (0.29)  (0.29)  (0.30)
Equity Vol 0.62%  0.82%FF  (.93%FF  (.89%**  (.58%* (.76%*F* (.85%**  (.81F**
(0.32)  (0.32)  (0.33)  (0.33)  (0.29) (0.29)  (0.29)  (0.30)
Leverage 0.29 0.18 0.48 0.34 -0.86 -1.03 -0.91 -1.05
(111)  (1.20)  (1.34)  (1.32)  (1.30) (1.31)  (1.40)  (1.40)
Profitability -3.11 -4.97 -5.01 -5.58 -1.17 -2.83 -3.39 -3.08
(3.38)  (3.66) (3.93) (3.84)  (3.09) (3.27)  (3.43) (3.35)
Tobin’s q -0.75 -1.41 -1.71% -1.67* -1.25%  -1.85%* 221k 2 15%**
065  (0.78)  (0.97)  (0.89)  (0.67) (0.74)  (0.88)  (0.82)
Industry-adj ESG Rating 0.06 0.16 0.20 0.17 -0.03 0.06 0.10 0.07
(0.14)  (0.16)  (0.18)  (0.17)  (0.11)  (0.13)  (0.14)  (0.13)
ESG rating -0.38 -0.60 -0.66 -0.60 -0.09 -0.28 -0.32 -0.25
(0.44)  (0.50) (0.54) (0.52)  (0.38)  (0.42)  (0.46) (0.43)
Credit rating -0.14 -0.17 -0.18 -0.17 0.03 0.01 0.03 0.05
(020)  (0.19)  (0.21)  (0.21)  (0.19)  (0.19)  (0.20)  (0.20)
Liquidity controls No No No No Yes Yes Yes Yes
R? 0.18 0.12 0.07 0.08 0.24 0.19 0.17 0.17
N 19,840 19,840 19,840 19,840 19,840 19,840 19,840 19,840

Table 9: SLB premium determinants. Panel A shows the average estimated probability of
meeting the ESG target. 'GHG’ is the subsample of targets that are related to green house
gasses, while 'mnon-GHG’ are all other targets. In Panel B the SLB premium is regressed on
explanatory variables. The liquidity controls are log(1 + T'C?¢,) — log(1 4+ TC5F?), log(1 +
V) —log(1+ V5FP), and log(1 + A9,) —log(1 + A5 FP), where T'Cj, is the trade count, V,
is the volume, and A;; is the age for ordinary bond (superscript o) j and SLB (superscript
SLB) j on day t. Standard error clustered at the bond level are in parentheses, the number
of observations in square brackets (in Panel A), and *, ** and *** indicate statistical

significance at the 0.10, 0.05, and 0.01 level, respectively.

probability of missing the target using information from both historical observations of the

KPI as well as current financial data is an interesting topic for future research.
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5.4 Are SLBs mispriced?

The existing literature on SLBs finds that they are mispriced. Kélbel and Lambillon (2023)
conclude that the yield difference between on ordinary bond and an SLB issued by the same
issuer exceeds the maximum potential penalty (expressed in yield) that issuers need to pay
in case the target is not reached. This implies that even if the market prices an SLB with a
probability of one of missing the target, the SLB price is higher than that of an ordinary bond
with same (ordinary and penalty) coupons and SLBs are overpriced. In contrast Berrada
et al. (2022) find that SLBs trade at lower prices than ordinary bonds on average, i.e. SLBs

are underpriced on average.'®

We revisit these conflicting results by relying on a mispricing measure similar to that
proposed by Berrada et al. (2022). For a given bond at time ¢ the measure is given as:

PSLB _ Pto

t
UB
O;

Mispricing; = (42)
Where P°L8 is the SLB price, P? is the price of an ordinary non-ESG bond given in equation
(11), and OYP is the upper bound in equation (14). If the mispricing measure is greater
than one, the SLB price premium is greater than the sum of all penalties and the SLB is
overpriced. If the measure is less than zero, the SLB premium is negative and the SLB is

underpriced. For values between zero and one there is no mispricing.

Table 10 Panel A shows summary stats for the variables used in calculating the mispricing
measure. The average ordinary bond price is 90.93 while the average sustainium-only bond
price is 90.99 (i.e. an average sustainium of 1.28bps in yield space documented in Section 5.2
translates into 6bps in price space). The SLBs have a price that is on average $0.58 higher
for a face value of $100 than an ordinary bond. We test if there is mispricing in Table 10
Panel B. The table shows that without liquidity controls the average SLB price premium
is significantly higher than zero and significantly below the upper bound. The SLB price
premium reduces when controlling for bond liquidity, but the conclusion that there is no

statistical evidence for mispricing remains.

Figure 4 shows the mispricing measure over time. The figure shows that there are periods

in 2022-2023 where the mispricing measure is less than zero, but the underpricing is short and

15 Berrada et al. (2022) also finds that a subset of SLBs are overpriced.
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Panel A: Average prices

Mean
P?, 90.93
PNUS 90.99
PoLP 91.51
Panel B: Mispricing test
SLB price premium 0.58***  _0.01

(0.18) (0.15)
UB - SLB price premium  0.46%**  1.04%**
Liquidity controls No Yes
N 19,840 19,840

Table 10: Mispricing. Panel A shows the average estimate of the ordinary bond P, in
equation (11), the “sustainium bond” PS® in equation (9), and the observed bond price
Pj*?tLB . Panel B shows if the SLB premium is significantly different from the upper bound
of the option value as well as zero (in which case P3*# = P?,). There are 19,840 bond-day
observations and standard errors are clustered at the bond-level and *, **, and *** indicate
statistical significance at the 0.10, 0.05, and 0.01 level, respectively.

statistically insignificant. In the last part of the sample, the mispricing measure is slighly
greater than one, but again the distance to the mispricing bound of one is statistically

insignificant. Overall, we find no evidence that SLBs are mispriced.

Why are our results different from the existing literature? First, Berrada et al. (2022)
and Kolbel and Lambillon (2023) focus on pricing of SLBs in the primary market, while
we focus on pricing in the secondary market. Second, and perhaps more importantly, our
matching procedure is different from theirs. Kélbel and Lambillon (2023) compare the yield-
at-issuance of an SLB with the yield-at-issuance with an ordinary bond issued by the same
firm with the closest issue date, maturity and issue size. On average, the issuance date of the
SLB is 528 days later than the ordinary bond in their sample and this difference is likely to
introduce systematic noise due to changes in macro-economic variables such as interest rates
and macro-economic uncertainty. For example, the average issuance date of the ordinary
bonds in their matched sample is March 2020 — when Covid shocked markets — while the
average issuance date of the SLBs is September 2021, a significantly more calm period. This
may explain why they find a “free lunch”, i.e. that the prices of SLBs are so high that
on average the mispricing measure is higher than one. Berrada et al. (2022) discount SLB
cash flows without the penalty with sector curves estimated using bonds with the same
rating issued by firms in the same industry and find that on average SLB prices are lower,

i.e. a mispricing measure lower than zero. Within a rating category there is a wide range
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Figure 4: Mispricing. The figure shows the time series variation of the mispricing measure
for the SLB premium. On each day in the sample where we have at least ten observations
we compute the mispricing measure as the average SLB premium on that day divided by the
average upper bound on the same day and the figure shows the time series variation.

of yields and the sector curve yield might therefore not reflect the yield of the SLB issuer
with sufficient accuracy, leading to a noisily estimated mispricing measure. In contrast, our
approach carefully matches the secondary market SLB yield with an interpolated yield from
non-SLB bonds with similar maturity from the same issuer on the same day, leading to more

precise estimates.

5.5 ESG risk premium

The SLBs in our sample span a range of distinct ESG targets and some may command a
risk premium. Since targets related to emission of greenhouse gasses are most common we
separate them into GHG and non-GHG. It is not clear if there is a GHG risk premium
and if so what sign it is expected to have. On one hand emissions of GHGs contribute to
global warming and if there is a global lack of coordination in reducing GHGs, emissions
increase more than expected resulting in increased risk of states with low consumption due

to climate disasters. In this case, the embedded options in SLBs are a hedge against climate
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risk because the firm is more likely to miss the target in such bad states of the world, leading
to extra bond cash flows, and SLBs have a negative risk premium. On the other hand high
economic activity may result in large emissions of GHGs which in turn make it more likely
that the SLB option ends in the money. Here, the option pays of in a good state of the world

—in terms of consumption — and investors may require a positive risk premium.!®

Since we are interested in the risk premium related to cash flow risk, we estimate the
risk premium as the expected value of the optional cash flows minus the market price of
those cash flows as outlined in Section 3.2. Table 11 Panel A shows the average ESG
risk premium and we see that the point estimates are mostly negative, and statistically
significant in some specifications, consistent with the embedded option being a hedge against
ESG risk. However, when we focus on SLBs with GHG targets, the average risk premium
is statistically insignificant and the sign is not consistently negative, suggesting that the
negative risk premium is not due to hedging of climate risk. For non-GHG SLBs the risk
premium is significantly negative in some specifications. The non-GHG targets include a
range of different ESG areas and this suggests that ESG risks unrelated to climate change

are priced.!”

Turning to determinants of the risk premium, Panel B shows that there is no significant
relation between the ESG risk premium and risk premiums in general — as measured through
the VIX. The only firm characteristics that have significant explanatory power for the risk
premium across specifications is equity volatility and a higher equity volatility implies a more

negative ESG risk premium.

16 See Giglio et al. (2021) for an extensive review.

17 Besides those mentioned in Section 2, examples include number of electric vehicle charging points installed
in managed infrastructure (Abertis), reduction in the amount of packaging placed on the market (Car-
refour), increasing amount of recycled plastic usage (Hera), increase patient outreach/access (Novartis),
and reducing industrial water withdrawal intensity (Suzano).
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Panel A: ESG risk premium

All GHG  non-GHG

Same -0.22 0.03 -0.63
(0.19)  (0.17)  (0.41)

Stronger -0.41%*  -0.14 -0.85%*
(020)  (0.18)  (0.41)

Stronger & Focused -0.42%%  -0.15 -0.86%*
(020)  (0.18)  (0.41)

N [19,840] [12,354]  [7,486]

Panel B: Determinants of the ESG risk premium

(1) (2) (3) (4) (5) (6)

Constant -7.57 =717 -7.12 -2.99 -2.39 -2.34
(6.52) (6.77) (6.77) (5.18)  (5.40)  (5.40)
VIX 2.01 1.89 1.94 1.97 1.86 1.91
(1.31) (1.34) (1.35) (1.34)  (1.35)  (1.35)
Log(size) 0.25 0.22 0.22 0.17 0.13 0.13
(0.36) (0.37) (0.37) (0.30)  (0.31)  (0.31)
Equity Vol -0.75%F 0.7 L0.TTRR L0.67FF -0.68%F  -0.68**
(0.35) (0.36) (0.36) (0.31)  (0.31)  (0.31)
Leverage -0.88 -0.94 -0.96 0.58 0.60 0.58
(1.30) (1.34) (1.35) (1.38)  (1.43) (1.43)
Profitability 5.73 5.81 5.80 3.10 3.08 3.08
(4.09) (4.14) (4.13) (3.53)  (3.57)  (3.56)
Tobin’s q 1.06 1.16 1.16 1.57*%%  1.69%%  1.69**
(0.84) (0.87) (0.88) (0.79)  (0.81)  (0.81)
Industry-adj ESG Rating  -0.26 -0.25 -0.25 -0.15 -0.14 -0.15
(0.18) (0.18) (0.18) (0.14)  (0.14) (0.14)
ESG rating 0.74 0.71 0.71 0.38 0.34 0.34
(0.56) (0.56) (0.56) (0.46)  (0.46)  (0.46)
Credit rating 0.14 0.13 0.13 -0.08 -0.10 -0.10
(0.22) (0.23) (0.23) (0.21)  (0.21) (0.21
Liquidity controls No No No Yes Yes Yes
R? 0.08 0.08 0.08 0.18 0.19 0.19
N 19,840 19,840 19,840 19,840 19,840 19,840

Table 11: ESG risk premium. Panel A shows the average ESG risk premium given in
equation (16). 'GHG’ is the subsample of targets that are related to green house gasses,
while 'non-GHG’ are all other targets. If an SLB has multiple targets, it is included in the
GHG sample if all options are GHG related, else it is included in the non-GHG sample.
Panel B shows regressions with the ESG risk premium on the lefthand side. The credit
rating variables measures the bond’s credit rating and takes the value 1 for AAA, 2 for
AA+, 3 for AA, .., 21 for C. The liquidity controls are log(1 + T'C%,) — log(1 4+ TC5EP),
log(1 4 V) —log(1+ V;57), and log(1 4+ A2,) — log(1 + AS{7), where TCj, is the trade
count, Vj, is the volume, and A;, is the age for ordinary bond (superscript o) j and SLB
(superscript SLB) j on day t. Standard error clustered at the bond level are in parentheses,
the number of observations in square brackets (in Panel A), and *, ** and *** indicate
statistical significance at the 0.10, 0.05, and 0.01 level, respectively. Regressions (1) and (4),
(2) and (5), and (3) and (6) use the ESG premium as calculated with the same, stronger,
and stronger & focused commitment assumptions, respectively.
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6 Conclusion

A major issue in global financial markets is how to speed up the shift to a greener and more
socially inclusive economy. Aligning financial incentives of companies with ESG incentives
is a critical component of the solution, and sustainability-linked bonds (SLBs) have recently
emerged as a class of securities that can support such alignment. Because SLB cash flows
are directly linked to achieving future ESG goals, they encourage issuing companies to take

ESG-conscious actions.

Financial market practitioners, regulators, NGOs and academics are concerned that SLBs
do not work as intended. Firms may chose easy targets that reflect “business-as-usual” and
the ESG-related option element may be difficult to price and the bonds overpriced. If this is
the case, SLBs will not work as intended and may even hinder firms’ transition to a greener
economy. We provide a flexible theoretical framework for pricing SLBs that include credit
risk, investor preferences for sustainable securities, the likelihood that the firm will fulfil the

target and the penalty size in order to analyze these important concerns.

SLB cash flows are identical to cash flows of an ordinary fixed-rate bond plus ESG-linked
cash flows that only pay out if a combination of ESG targets are not reached. Absence of
mispricing requires that the value of the ESG-linked cash flows is greater than zero but less
than the sum of potential cash flows. Empirically, we find that SLBs on average satisfy these
“no-mispricing” bounds, in contrast to existing literature. Also, we find that the value of
the ESG option embedded in SLBs is strongly related to the size of the penalty. Overall,

our empirical results indicate no mispricing.

We also find that firms set targets that are easy to reach: the average probability of
meeting the target in our sample period is 61-86%. Furthermore, we find that investors
are willing to accept a 1-2bps lower yield due to SLBs ESG label, providing new empirical
evidence showing that impact investing matters for asset prices. Finally, we estimate the
ESG premium as the expected value of the potential penalty minus the extracted market
price. The ESG premium is negative, and statistically significant under some assumptions,

providing evidence that SLBs can be used as financial hedges against ESG risk.
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7 Appendix

7.1 Data

In this Appendix we discuss in more detail how we clean the data.

Bloomberg

Bloomberg has several data sources available and we prioritise the data sources in the order:
'CBBT’, 'BGN’, 'BMRK’, and 'BVAL’. That is, for a given bond-day, we extract price and
yield spread information from CBBT, and if there is none, we try BGN, and so on. We use
Bloomberg’s I-spread as yield spread, which uses the relevant swap rate in the same currency

as the bond when calculating the spread.

Propellant

The Propellant data used in the paper covers transactions from: Bloomberg, London Stock
Exchange, Marketaxess, Tradeecho, Tradeweb, Tradition, and Liquidnet. We clean the Pro-
pellant data the following way:

1. Multiple amended trades ("TAMND’ = True) point to the same
"'ORIGINAL_TRANSACTION_IDENTIFICATION_CODE’, so we only keep the last
amended trade for a given 'ORIGINAL_TRANSACTION_IDENTIFICATION_CODE’

and drop any amended trades without one.
2. Drop trades without any "TRADING_DATE_AND_TIME’ and 'PRICE’ information.
3. Drop cancelled trades ("CANC’ = True).

4. Drop all observations that are not in the percentage of par price format

(PRICE_NOTATION’ # '"PERC’).

5. Drop entries with extreme prices (below 10 and above 1,000). These are mostly due

to wrong price information due to a misplaced decimal point.
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6. There is no volume cap in the Propellant data set, however, since there is a volume
cap on TRACE data of 5,000,000, we impose the same cap on the Propellant data for

comparability.

Table Al below shows the amount of transactions that are removed at each step of the

cleaning process described above.

Cleaning Step  # of Transactions Removed # of Transactions Remaining

Uncleaned Data - 382,766
Step 1 2,723 380,043
Step 2 65,199 314,844
Step 3 4,891 309,953
Step 4 9,479 300,474
Step 5 188 300,286
Step 6 - 300,286

Table Al: Cleaning process of the Propellant data set. This table shows the number of
transactions that are removed at each step of the cleaning process, as well as how many
transactions remain afterwards. The description of each step can be found in the text.

Final Sample

To arrive at the final sample used in our empirical analysis, we first discard all SLB bond-
days after the bond’s first option target date. Next, we remove SLB bonds from the sample
if there are less than 20 bond-day observations for the bond. Also, we discard a bond-
day if we are not able to calculate the price of an ordinary bond (P;;), the price of a
sustainium bond (P7/?), and — for the SLBs with ESG-linked coupons — the physical option
value ZjK:l zﬁiﬁ SIEP {1{GTj>K}}D(rtT,)\t,wt,tg). In particular, this implies that we can
compute the firm characteristics X, in equation (29) on day ¢ for the firm issuing bond
7 and we have at least three historical observations of the ESG factor such that we can
calculate EY I:]“{GTj> K}} For sustainium-only bonds, we require that we can compute the
firm characteristics X, in equation (29) on day ¢ for the firm issuing bond j. Finally,
we exclude the bond with Bloomberg ticker 'BS422627 Corp’ because the bond prices in

Bloomberg are not consistent with the reported yield-to-maturity.
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Calculation of Firm Characteristics

Since we are dealing with a sample of global firms, we use Compustat to gather both price
and accounting data. This requires finding the unique GVKEY of each firm in our sample,
which has been done manually. All accounting data has been lagged 3 months to avoid
look-ahead bias. Furthermore, all accounting data have been converted to USD by following
the “Currency Translation” guide provided by Compustat. The following list details the

calculation of the eight firm characteristics used in Section 5 of the paper:

1. Log(Size): log(E:), where EX is the market value of equity calculated as “Common

Shares Qutstanding” times “ Price - Close - Daily” for firm ¢ at time ¢.

2. Equity Volatility: \/ 2—11 Y2 (ri — 7:)2, where 7 is the equity return of firm 7 at time
t and 7; is the average equity return over the past 21 days for firm ¢. Returns are
calculated using the daily prices from Compustat, adjusted for dividends and stock

buybacks /issuance/splits.

S, pL
Di+Dy;

s 5r, Where D% and D% is “Debt in Current Liabilities” and “Long-
it it it

3. Leverage:

Term Debt - Total”, respectively.

4. Profitability: Ri’;l;f“, where R, Cy, and A;; is “Revenue - Total”, “Cost of Goods
Sold”, and “Assets - Total”, respectively.

5. Tobin’s Q: Defined as Ei]_\tuL“ where E and L refer to the equity and liabilities val-
ues of the firm, respectively, while the superscripts M and B indicates the market and
book values, respectively. Because we do not have data on the total market value of
a firm’s liabilities, we let LM = LB. The book value of equity, EZ, is calculated as
“Stockholder’s Fquity” plus “Deferred Taxes and Investment Tax Credit” minus “ Pre-
ferred/Preference Stock (Capital) - Total”. Missing values of “Stockholder’s Equity”
and “ Preferred/Preference Stock (Capital) - Total” are set to 0 and equity book values
below 0 are set to 0. The book value of liabilities, L%, is “ Liabilities - Total”. Finally,
the variable is scaled by dividing with 100.

6. Credit Rating: Extracted manually from Bloomberg and converted to a numerical

value such that a higher number corresponds to a lower credit rating, i.e. AAA =1,

AA+ =2, .., C =2l
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7. ESG Rating: Numerical ESG rating extracted from MSCI. Values are between 0 and

10 with a higher number corresponding to a more green and sustainable firm.

8. Industry-Adjusted ESG Rating: Numerical (industry demeaned) ESG rating ex-
tracted from MSCI.
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Understanding the uniqueness of firm
behaviour

Eva Boxenbaum
Institutional Genesis: Micro — Dynamic
Foundations of Institutional Change

Peter Lund-Thomsen

Capacity Development, Environmental
Justice NGOs, and Governance: The
Case of South Africa

Signe Jarlov
Konstruktioner af offentlig ledelse

Lars Staehr Jensen

Vocabulary Knowledge and Listening
Comprehension in English as a Foreign
Language
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An empirical study employing data
elicited from Danish EFL learners

Christian Nielsen

Essays on Business Reporting
Production and consumption of
strategic information in the market for
information

Marianne Thejls Fischer
Egos and Ethics of Management
Consultants

Annie Bekke Kjaer

Performance management i Proces-
innovation

— belyst i et social-konstruktivistisk
perspektiv

Suzanne Dee Pedersen
GENTAGELSENS METAMORFOSE

Om organisering af den kreative garen
i den kunstneriske arbejdspraksis

Benedikte Dorte Rosenbrink
Revenue Management

@konomiske, konkurrencemeessige &
organisatoriske konsekvenser

Thomas Riise Johansen

Written Accounts and Verbal Accounts
The Danish Case of Accounting and
Accountability to Employees

Ann Fogelgren-Pedersen
The Mobile Internet: Pioneering Users’
Adoption Decisions

Birgitte Rasmussen
Ledelse i faellesskab — de tillidsvalgtes
fornyende rolle

Gitte Thit Nielsen

Remerger

— skabende ledelseskreefter i fusion og
opkab

Carmine Gioia
A MICROECONOMETRIC ANALYSIS OF
MERGERS AND ACQUISITIONS
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Ole Hinz

Den effektive forandringsleder: pilot,
paedagog eller politiker?

Et studie i arbejdslederes meningstil-
skrivninger i forbindelse med vellykket
gennemftarelse af ledelsesinitierede
forandringsprojekter

Kjell-Age Gotvassli

Et praksisbasert perspektiv pa dynami-
ske

leeringsnettverk i toppidretten

Norsk ph.d., ej til salg gennem
Samfundslitteratur

Henriette Langstrup Nielsen

Linking Healthcare

An inquiry into the changing perfor-
mances of web-based technology for
asthma monitoring

Karin Tweddell Levinsen

Virtuel Uddannelsespraksis

Master i IKT og Laering — et casestudie
i hvordan proaktiv proceshandtering
kan forbedre praksis i virtuelle leerings-
miljoer

Anika Liversage

Finding a Path

Labour Market Life Stories of
Immigrant Professionals

Kasper EImquist Jargensen
Studier i samspillet mellem stat og
erhvervsliv i Danmark under

1. verdenskrig

Finn Janning
A DIFFERENT STORY
Seduction, Conquest and Discovery

Patricia Ann Plackett

Strategic Management of the Radical
Innovation Process

Leveraging Social Capital for Market
Uncertainty Management

Christian Vintergaard
Early Phases of Corporate Venturing
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Niels Rom-Poulsen
Essays in Computational Finance

Tina Brandt Husman

Organisational Capabilities,
Competitive Advantage & Project-
Based Organisations

The Case of Advertising and Creative
Good Production

Mette Rosenkrands Johansen

Practice at the top

— how top managers mobilise and use
non-financial performance measures

Eva Parum
Corporate governance som strategisk
kommunikations- og ledelsesvaerktgj

Susan Aagaard Petersen

Culture’s Influence on Performance
Management: The Case of a Danish
Company in China

Thomas Nicolai Pedersen

The Discursive Constitution of Organi-
zational Governance — Between unity
and differentiation

The Case of the governance of
environmental risks by World Bank
environmental staff

Cynthia Selin
\olatile Visions: Transactons in
Anticipatory Knowledge

Jesper Banghgj
Financial Accounting Information and
Compensation in Danish Companies

Mikkel Lucas Overby
Strategic Alliances in Emerging High-
Tech Markets: What's the Difference
and does it Matter?

Tine Aage

External Information Acquisition of
Industrial Districts and the Impact of
Different Knowledge Creation Dimen-
sions
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A case study of the Fashion and
Design Branch of the Industrial District
of Montebelluna, NE Italy

Mikkel Flyverbom

Making the Global Information Society
Governable

On the Governmentality of Multi-
Stakeholder Networks

Anette Grgnning

Personen bag

Tilstedeveer i e-mail som inter-
aktionsform mellem kunde og med-
arbejder i dansk forsikringskontekst

Jorn Helder
One Company — One Language?
The NN-case

Lars Bjerregaard Mikkelsen

Differing perceptions of customer
value

Development and application of a tool
for mapping perceptions of customer
value at both ends of customer-suppli-
er dyads in industrial markets

Lise Granerud

Exploring Learning

Technological learning within small
manufacturers in South Africa

Esben Rahbek Pedersen
Between Hopes and Realities:
Reflections on the Promises and
Practices of Corporate Social
Responsibility (CSR)

Ramona Samson

The Cultural Integration Model and
European Transformation.

The Case of Romania

Jakob Vestergaard

Discipline in The Global Economy
Panopticism and the Post-Washington
Consensus

10.

Heidi Lund Hansen

Spaces for learning and working

A qualitative study of change of work,
management, vehicles of power and
social practices in open offices

Sudhanshu Rai

Exploring the internal dynamics of
software development teams during
user analysis

A tension enabled Institutionalization
Model; “Where process becomes the
objective”

Norsk ph.d.
Ej til salg gennem Samfundslitteratur

Serden Ozcan

EXPLORING HETEROGENEITY IN
ORGANIZATIONAL ACTIONS AND
OUTCOMES

A Behavioural Perspective

Kim Sundtoft Hald
Inter-organizational Performance
Measurement and Management in
Action

— An Ethnography on the Construction
of Management, Identity and
Relationships

Tobias Lindeberg

Evaluative Technologies
Quality and the Multiplicity of
Performance

Merete Wedell-Wedellsborg

Den globale soldat

Identitetsdannelse og identitetsledelse
I multinationale militere organisatio-
ner

Lars Frederiksen

Open Innovation Business Models
Innovation in firm-hosted online user
communities and inter-firm project
ventures in the music industry

— A collection of essays

Jonas Gabrielsen
Retorisk toposleere — fra statisk ‘sted’
til persuasiv aktivitet
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Christian Moldt-Jgrgensen

Fra meningsles til meningsfuld
evaluering.

Anvendelsen af studentertilfredsheds-
malinger pa de korte og mellemlange
videregaende uddannelser set fra et
psykodynamisk systemperspektiv

Ping Gao

Extending the application of
actor-network theory

Cases of innovation in the tele-
communications industry

Peter Mejlby

Frihed og faengsel, en del af den
samme drom?

Et phronetisk baseret casestudie af
frigerelsens og kontrollens sam-
eksistens i vaerdibaseret ledelse!

Kristina Birch
Statistical Modelling in Marketing

Signe Poulsen

Sense and sensibility:

The language of emotional appeals in
insurance marketing

Anders Bjerre Trolle
Essays on derivatives pricing and dyna-
mic asset allocation

Peter Feldhitter
Empirical Studies of Bond and Credlit
Markets

Jens Henrik Eggert Christensen
Default and Recovery Risk Modeling
and Estimation

Maria Theresa Larsen

Academic Enterprise: A New Mission
for Universities or a Contradiction in
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Four papers on the long-term impli-
cations of increasing industry involve-
ment and commercialization in acade-
mia
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Morten Wellendorf
Postimplementering af teknologi i den
offentlige forvaltning

Analyser af en organisations konti-
nuerlige arbejde med informations-
teknologi

Ekaterina Mhaanna
Concept Relations for Terminological
Process Analysis

Stefan Ring Thorbjgrnsen

Forsvaret i forandring

Et studie i officerers kapabiliteter un-
der pavirkning af omverdenens foran-
dringspres mod @get styring og laering

Christa Breum Amhgj

Det selvskabte medlemskab om ma-
nagementstaten, dens styringstekno-
logier og indbyggere

Karoline Bromose

Between Technological Turbulence and
Operational Stability

— An empirical case study of corporate
venturing in TDC

Susanne Justesen

Navigating the Paradoxes of Diversity
in Innovation Practice

— A Longitudinal study of six very
different innovation processes — in
practice

Luise Noring Henler
Conceptualising successful supply
chain partnerships

— Viewing supply chain partnerships
from an organisational culture per-
spective

Mark Mau

Kampen om telefonen

Det danske telefonvaesen under den
tyske beszettelse 1940-45

Jakob Halskov

The semiautomatic expansion of
existing terminological ontologies
using knowledge patterns discovered
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on the WWW - an implementation
and evaluation

Gergana Koleva

European Policy Instruments Beyond
Networks and Structure: The Innova-
tive Medicines Initiative

Christian Geisler Asmussen
Global Strateqy and International
Diversity: A Double-Edged Sword?

Christina Holm-Petersen

Stolthed og fordom

Kultur- og identitetsarbejde ved ska-
belsen af en ny sengeafdeling gennem
fusion

Hans Peter Olsen

Hybrid Governance of Standardized
States

Causes and Contours of the Global

Regulation of Government Auditing

Lars Bage Sgrensen
Risk Management in the Supply Chain

Peter Aagaard

Det unikkes dynamikker

De institutionelle mulighedsbetingel-
ser bag den individuelle udforskning i
professionelt og frivilligt arbejde

Yun Mi Antorini

Brand Community Innovation

An Intrinsic Case Study of the Adult
Fans of LEGO Community

Joachim Lynggaard Boll

Labor Related Corporate Social Perfor-
mance in Denmark

Organizational and Institutional Per-
spectives

Frederik Christian Vinten
Essays on Private Equity

Jesper Clement
Visual Influence of Packaging Design
on In-Store Buying Decisions
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Marius Brostrgm Kousgaard

Tid til kvalitetsmaling?

— Studier af indrulleringsprocesser i
forbindelse med introduktionen af
kliniske kvalitetsdatabaser i specialloe-
gepraksissektoren

Irene Skovgaard Smith
Management Consulting in Action
Value creation and ambiguity in
client-consultant relations

Anders Rom

Management accounting and inte-
grated information systems

How to exploit the potential for ma-
nagement accounting of information
technology

Marina Candi

Aesthetic Design as an Element of
Service Innovation in New Technology-
based Firms

Morten Schnack

Teknologi og tveerfaglighed

—en analyse af diskussionen omkring
indfarelse af EPJ pa en hospitalsafde-
ling

Helene Balslev Clausen

Juntos pero no revueltos — un estudio
sobre emigrantes norteamericanos en
un pueblo mexicano

Lise Justesen

Kunsten at skrive revisionsrapporter.
En beretning om forvaltningsrevisio-
nens beretninger

Michael E. Hansen

The politics of corporate responsibility:
CSR and the governance of child labor
and core labor rights in the 1990s

Anne Roepstorff

Holdning for handling — en etnologisk
underseqgelse af Virksomheders Sociale
Ansvar/CSR
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Claus Bajlum
Essays on Credit Risk and
Credit Derivatives

Anders Bojesen

The Performative Power of Competen-
ce —an Inquiry into Subjectivity and
Social Technologies at Work

Satu Reijonen

Green and Fragile

A Study on Markets and the Natural
Environment

llduara Busta
Corporate Governance in Banking
A European Study

Kristian Anders Hvass

A Boolean Analysis Predicting Industry
Change: Innovation, Imitation & Busi-
ness Models

The Winning Hybrid: A case study of
isomorphism in the airline industry

Trine Paludan

De uvidende og de udviklingsparate
Identitet som mulighed og restriktion
blandt fabriksarbejdere pa det aftaylo-
riserede fabriksgulv

Kristian Jakobsen
Foreign market entry in transition eco-
nomies: Entry timing and mode choice

Jakob Elming
Syntactic reordering in statistical ma-
chine translation

Lars Brgamsge Termansen

Regional Computable General Equili-
brium Models for Denmark

Three papers laying the foundation for
regional CGE models with agglomera-
tion characteristics

Mia Reinholt
The Motivational Foundations of
Knowledge Sharing
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Frederikke Krogh-Meibom

The Co-Evolution of Institutions and
Technology

— A Neo-Institutional Understanding of
Change Processes within the Business
Press — the Case Study of Financial
Times

Peter D. @rberg Jensen

OFFSHORING OF ADVANCED AND
HIGH-VALUE TECHNICAL SERVICES:
ANTECEDENTS, PROCESS DYNAMICS
AND FIRMLEVEL IMPACTS

Pham Thi Song Hanh

Functional Upgrading, Relational
Capability and Export Performance of
Vietnamese Wood Furniture Producers

Mads Vangkilde

Why wait?

An Exploration of first-mover advanta-
ges among Danish e-grocers through a
resource perspective

Hubert Buch-Hansen

Rethinking the History of European
Level Merger Control

A Critical Political Economy Perspective

Vivian Lindhardsen

From Independent Ratings to Commu-
nal Ratings: A Study of CWA Raters’
Decision-Making Behaviours

Gudrid Weihe
Public-Private Partnerships: Meaning
and Practice

Chris Ngkkentved

Enabling Supply Networks with Colla-
borative Information Infrastructures
An Empirical Investigation of Business
Model Innovation in Supplier Relation-
ship Management

Sara Louise Muhr
Wound, Interrupted — On the Vulner-
ability of Diversity Management
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Christine Sestoft
Forbrugeradfserd i et Stats- og Livs-
formsteoretisk perspektiv

Michael Pedersen

Tune in, Breakdown, and Reboot: On
the production of the stress-fit self-
managing employee

Salla Lutz

Position and Reposition in Networks

— Exemplified by the Transformation of
the Danish Pine Furniture Manu-
facturers

Jens Forssbaeck
Essays on market discipline in
commercial and central banking

Tine Murphy

Sense from Silence — A Basis for Orga-
nised Action

How do Sensemaking Processes with
Minimal Sharing Relate to the Repro-
duction of Organised Action?

Sara Malou Strandvad

Inspirations for a new sociology of art:
A sociomaterial study of development
processes in the Danish film industry

Nicolaas Mouton

On the evolution of social scientific
metaphors:

A cognitive-historical enquiry into the
divergent trajectories of the idea that
collective entities — states and societies,
cities and corporations — are biological
organisms.

Lars Andreas Knutsen
Mobile Data Services:
Shaping of user engagements

Nikolaos Theodoros Korfiatis
Information Exchange and Behavior
A Multi-method Inquiry on Online
Communities
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Jens Albaek

Forestillinger om kvalitet og tveerfaglig-
hed pa sygehuse

— skabelse af forestillinger i leege- og
plejegrupperne angaende relevans af
nye idéer om kvalitetsudvikling gen-
nem tolkningsprocesser

Maja Lotz
The Business of Co-Creation — and the
Co-Creation of Business

Gitte P. Jakobsen

Narrative Construction of Leader Iden-
tity in a Leader Development Program
Context

Dorte Hermansen

“Living the brand” som en brandorien-
teret dialogisk praxis:

Om udvikling af medarbejdernes
brandorienterede demmekraft

Aseem Kinra
Supply Chain (logistics) Environmental
Complexity

Michael Ngrager

How to manage SMEs through the
transformation from non innovative to
innovative?

Kristin Wallevik
Corporate Governance in Family Firms
The Norwegian Maritime Sector

Bo Hansen Hansen
Beyond the Process
Enriching Software Process Improve-
ment with Knowledge Management

Annemette Skot-Hansen

Franske adjektivisk afledte adverbier,
der tager praepositionssyntagmer ind-
ledt med preepositionen a som arqu-
menter

En valensgrammatisk undersegelse

Line Gry Knudsen
Collaborative R&D Capabilities
In Search of Micro-Foundations
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Christian Scheuer
Employers meet employees
Essays on sorting and globalization

Rasmus Johnsen

The Great Health of Melancholy

A Study of the Pathologies of Perfor-
mativity

Ha Thi Van Pham

Internationalization, Competitiveness
Enhancement and Export Performance
of Emerging Market Firms:

Evidence from Vietnam

Henriette Balieu

Kontrolbegrebets betydning for kausa-
tivalternationen i spansk

En kognitiv-typologisk analyse

Yen Tran

Organizing Innovationin Turbulent
Fashion Market

Four papers on how fashion firms crea-
te and appropriate innovation value

Anders Raastrup Kristensen
Metaphysical Labour

Flexibility, Performance and Commit-
ment in Work-Life Management

Margrét Sigrun Sigurdardottir
Dependently independent
Co-existence of institutional logics in
the recorded music industry

Asta Dis Oladéttir

Internationalization from a small do-
mestic base:

An empirical analysis of Economics and
Management

Christine Secher

E-deltagelse i praksis — politikernes og
forvaltningens medkonstruktion og
konsekvenserne heraf

Marianne Stang Valand
What we talk about when we talk
about space:
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End User Participation between Proces-
ses of Organizational and Architectural
Design

Rex Degnegaard

Strategic Change Management
Change Management Challenges in
the Danish Police Reform

Ulrik Schultz Brix

Veerdi i rekruttering — den sikre beslut-
ning

En pragmatisk analyse af perception
og synliggarelse af veerdi i rekrutte-
rings- og udveelgelsesarbejdet

Jan Ole Simila

Kontraktsledelse

Relasjonen mellom virksomhetsledelse
og kontraktshandtering, belyst via fire
norske virksomheter

Susanne Boch Waldorff

Emerging Organizations: In between
local translation, institutional logics
and discourse

Brian Kane

Performance Talk

Next Generation Management of
Organizational Performance

Lars Ohnemus

Brand Thrust: Strategic Branding and
Shareholder Value

An Empirical Reconciliation of two
Critical Concepts

Jesper Schlamovitz
Handtering af usikkerhed i film- og
byggeprojekter

Tommy Moesby-Jensen

Det faktiske livs forbindtlighed
Farsokratisk informeret, ny-aristotelisk
NBoc-teenkning hos Martin Heidegger

Christian Fich

Two Nations Divided by Common
Values

French National Habitus and the
Rejection of American Power
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Peter Beyer

Processer, sammenhangskraft

oq fleksibilitet

Et empirisk casestudie af omstillings-
forleb i fire virksomheder

Adam Buchhorn

Markets of Good Intentions
Constructing and Organizing
Biogas Markets Amid Fraqility
and Controversy

Cecilie K. Moesby-Jensen

Social leering og feelles praksis

Et mixed method studie, der belyser
leeringskonsekvenser af et lederkursus
for et praksisfeellesskab af offentlige
mellemledere

Heidi Boye

Fadevarer og sundhed i sen-
modernismen

— En indsigt i hyggefaeenomenet og
de relaterede fadevarepraksisser

Kristine Munkgard Pedersen
Flygtige forbindelser og midlertidige
mobiliseringer

Om kulturel produktion pa Roskilde
Festival

Oliver Jacob Weber

Causes of Intercompany Harmony in
Business Markets — An Empirical Inve-
stigation from a Dyad Perspective

Susanne Ekman

Authority and Autonomy
Paradoxes of Modern Knowledge
Work

Anette Frey Larsen

Kvalitetsledelse pa danske hospitaler

— Ledelsernes indflydelse pa introduk-
tion og vedligeholdelse af kvalitetsstra-
tegier i det danske sundhedsvaesen

Toyoko Sato

Performativity and Discourse: Japanese
Advertisements on the Aesthetic Edu-
cation of Desire
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Kenneth Brinch Jensen

Identifying the Last Planner System
Lean management in the construction
industry

Javier Busquets
Orchestrating Network Behavior
for Innovation

Luke Patey

The Power of Resistance: India’s Na-
tional Oil Company and International
Activism in Sudan

Mette Vedel

Value Creation in Triadic Business Rela-
tionships. Interaction, Interconnection
and Position

Kristian Tarning
Knowledge Management Systems in
Practice — A Work Place Study

Qingxin Shi

An Empirical Study of Thinking Aloud
Usability Testing from a Cultural
Perspective

Tanja Juul Christiansen
Corporate blogging: Medarbejderes
kommunikative handlekraft

Malgorzata Ciesielska

Hybrid Organisations.

A study of the Open Source — business
setting

Jens Dick-Nielsen
Three Essays on Corporate Bond
Market Liquidity

Sabrina Speiermann

Modstandens Politik
Kampagnestyring i Velfeerdsstaten.

En diskussion af trafikkampagners sty-
ringspotentiale

Julie Uldam

Fickle Commitment. Fostering political
engagement in 'the flighty world of
online activism’



36.

37.

38.

2011

Annegrete Juul Nielsen
Traveling technologies and
transformations in health care

Athur Muhlen-Schulte

Organising Development

Power and Organisational Reform in
the United Nations Development
Programme

Louise Rygaard Jonas

Branding pa butiksgulvet

Et case-studie af kultur- og identitets-
arbejdet i Kvickly

Stefan Fraenkel

Key Success Factors for Sales Force
Readiness during New Product Launch
A Study of Product Launches in the
Swedlish Pharmaceutical Industry

Christian Plesner Rossing
International Transfer Pricing in Theory
and Practice

Tobias Dam Hede

Samtalekunst og ledelsesdisciplin

— en analyse af coachingsdiskursens
genealogi og governmentality

Kim Pettersson
Essays on Audit Quality, Auditor Choi-
ce, and Equity Valuation

Henrik Merkelsen

The expert-lay controversy in risk
research and management. Effects of
institutional distances. Studies of risk
definitions, perceptions, management
and communication

Simon S. Torp

Employee Stock Ownership:

Effect on Strategic Management and
Performance

Mie Harder
Internal Antecedents of Management
Innovation
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Ole Helby Petersen

Public-Private Partnerships: Policy and
Regulation — With Comparative and
Multi-level Case Studies from Denmark
and Ireland

Morten Krogh Petersen
‘Good’ Outcomes. Handling Multipli-
city in Government Communication

Kristian Tangsgaard Hvelplund
Allocation of cognitive resources in
translation - an eye-tracking and key-
logging study

Moshe Yonatany
The Internationalization Process of
Digital Service Providers

Anne Vestergaard

Distance and Suffering

Humanitarian Discourse in the age of
Mediatization

Thorsten Mikkelsen
Personligsheds indflydelse pa forret-
ningsrelationer

Jane Thostrup Jagd

Hvorfor fortseetter fusionsbalgen ud-
over “the tipping point”?

— en empirisk analyse af information
og kognitioner om fusioner

Gregory Gimpel

Value-driven Adoption and Consump-
tion of Technology: Understanding
Technology Decision Making

Thomas Stengade Sgnderskov

Den nye mulighed

Social innovation i en forretningsmeaes-
sig kontekst

Jeppe Christoffersen
Donor supported strateqic alliances in
developing countries

Vibeke Vad Baunsgaard
Dominant Ideological Modes of
Rationality: Cross functional
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integration in the process of product
innovation

Throstur Olaf Sigurjonsson
Governance Failure and Icelands’s
Financial Collapse

Allan Sall Tang Andersen
Essays on the modeling of risks in
interest-rate and inflation markets

Heidi Tscherning
Mobile Devices in Social Contexts

Birgitte Gorm Hansen

Adapting in the Knowledge Economy
Lateral Strategies for Scientists and
Those Who Study Them

Kristina Vaarst Andersen

Optimal Levels of Embeddedness
The Contingent Value of Networked
Collaboration

Justine Grgnbaek Pors

Noisy Management

A History of Danish School Governing
from 1970-2010

Stefan Linder

Micro-foundations of Strategic
Entrepreneurship

Essays on Autonomous Strategic Action

Xin Li

Toward an Integrative Framework of
National Competitiveness

An application to China

Rune Thorbjarn Clausen

Veerdifuld arkitektur

Et eksplorativt studie af bygningers
rolle i viksomheders vaerdiskabelse

Monica Viken
Markedsundersakelser som bevis i
varemerke- og markedsfaringsrett

Christian Wymann

Tattooing

The Economic and Artistic Constitution
of a Social Phenomenon
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Sanne Frandsen

Productive Incoherence

A Case Study of Branding and
Identity Struggles in a Low-Prestige
Organization

Mads Stenbo Nielsen
Essays on Correlation Modelling

lvan Hauser

Falelse og sprog

Etablering af en ekspressiv kategori,
eksemplificeret pa russisk

Sebastian Schwenen
Security of Supply in Electricity Markets

Peter Holm Andreasen

The Dynamics of Procurement
Management

- A Complexity Approach

Martin Haulrich
Data-Driven Bitext Dependency
Parsing and Alignment

Line Kirkegaard

Konsulenten i den anden nat
En undersegelse af det intense
arbejdsliv

Tonny Stenheim
Decision usefulness of goodwill
under IFRS

Morten Lind Larsen
Produktivitet, vaekst og velfeerd
Industriradet og efterkrigstidens
Danmark 1945 - 1958

Petter Berg
Cartel Damages and Cost Asymmetries

Lynn Kahle

Experiential Discourse in Marketing
A methodical inquiry into practice
and theory

Anne Roelsgaard Obling
Management of Emotions
in Accelerated Medical Relationships
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Thomas Frandsen
Managing Modularity of
Service Processes Architecture

Carina Christine Skovmgiller

CSR som noget seerligt

Et casestudie om styring og menings-
skabelse i relation til CSR ud fra en
intern optik

Michael Tell

Fradragsbeskaering af selskabers
finansieringsudgifter

En skatteretlig analyse af SEL §§ 11,
11Bog 11C

Morten Holm

Customer Profitability Measurement
Models

Their Merits and Sophistication
across Contexts

Katja Joo Dyppel
Beskatning af derivater
En analyse af dansk skatteret

Esben Anton Schultz
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the Emergence, Consolidation and
Reconfiguration of Legitimatory and
Fiscal State-crafting

Christian Bason

Leading Public Design: How managers
engage with design to transform public
governance

Davide Tomio
Essays on Arbitrage and Market
Liquidity
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25.

27.

28.

29.

30.

31.

Simone Staehr

Financial Analysts’ Forecasts
Behavioral Aspects and the Impact of
Personal Characteristics

Mikkel Godt Gregersen
Management Control, Intrinsic
Motivation and Creativity

— How Can They Coexist

Kristjan Johannes Suse Jespersen
Advancing the Payments for Ecosystem
Service Discourse Through Institutional
Theory

Kristian Bondo Hansen

Crowds and Speculation: A study of
crowd phenomena in the U.S. financial
markets 1890 to 1940

Lars Balslev

Actors and practices — An institutional
study on management accounting
change in Air Greenland

Sven Klingler
Essays on Asset Pricing with
Financial Frictions

Klement Ahrensbach Rasmussen
Business Model Innovation
The Role of Organizational Design

Giulio Zichella

Entrepreneurial Cognition.

Three essays on entrepreneurial
behavior and cognition under risk
and uncertainty

Richard Ledborg Hansen

En forkeerlighed til det eksister-

ende — mellemlederens oplevelse af
forandringsmodstand i organisatoriske
forandringer

Vilhelm Stefan Holsting

Miiliteert chetvirke: Kritik og
retfeerdiggerelse mellem politik og
profession
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36.

37.

38.

39.

40.

41.

Thomas Jensen

Shipping Information Pipeline:

An information infrastructure to
improve international containerized

shipping

Dzmitry Bartalevich

Do economic theories inform policy?
Analysis of the influence of the Chicago
School on European Union competition

policy

Kristian Roed Nielsen

Crowdfunding for Sustainability: A
study on the potential of reward-based
crowdfunding in supporting sustainable
entrepreneurship

Emil Husted
There is always an alternative: A study
of control and commitment in political
organization

Anders Ludvig Sevelsted

Interpreting Bonds and Boundaries of
Obligation. A genealogy of the emer-
gence and development of Protestant
voluntary social work in Denmark as
shown through the cases of the Co-
penhagen Home Mission and the Blue
Cross (1850 — 1950)

Niklas Kohl
Essays on Stock Issuance

Maya Christiane Flensborg Jensen
BOUNDARIES OF
PROFESSIONALIZATION AT WORK

An ethnography-inspired study of care
workers’ dilemmas at the margin

Andreas Kamstrup

Crowdsourcing and the Architectural
Competition as Organisational
Technologies

Louise Lyngfeldt Gorm Hansen
Triggering Earthquakes in Science,
Politics and Chinese Hydropower
- A Controversy Study
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N
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11.

Vishv Priya Kohli

Combatting Falsifi cation and Coun-
terfeiting of Medicinal Products in
the E uropean Union — A Legal
Analysis

Helle Haurum

Customer Engagement Behavior

in the context of Continuous Service
Relationships

Nis Grinberg

The Party -state order: Essays on
China’s political organization and
political economic institutions

Jesper Christensen
A Behavioral Theory of Human
Capital Integration

Poula Marie Helth
Learning in practice

Rasmus Vendler Toft-Kehler
Entrepreneurship as a career? An
investigation of the relationship
between entrepreneurial experience
and entrepreneurial outcome

Szymon Furtak

Sensing the Future: Designing
sensor-based predictive information
systems for forecasting spare part
demand for diesel engines

Mette Brehm Johansen
Organizing patient involvement. An
ethnographic study

lwona Sulinska
Complexities of Social Capital in
Boards of Directors

Cecilie Fange Petersen

Award of public contracts as a
means to conferring State aid: A
legal analysis of the interface
between public procurement law
and State aid law

Ahmad Ahmad Barirani
Three Experimental Studies on
Entrepreneurship
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16.

17.
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19.

20.

21.

22.

Carsten Allerslev Olsen
Financial Reporting Enforcement:
Impact and Consequences

Irene Christensen
New product fumbles — Organizing
for the Ramp-up process

Jacob Taarup-Esbensen
Managing communities — Mining
MNEs" community risk
management practices

Lester Allan Lasrado
Set-Theoretic approach to maturity
models

Mia B. MUnster

Intention vs. Perception of
Designed Atmospheres in Fashion
Stores

Anne Sluhan

Non-Financial Dimensions of Family
Firm Ownership: How
Socioemotional Wealth and
Familiness Influence
Internationalization

Henrik Yde Andersen
Essays on Debt and Pensions

Fabian Heinrich Maller

Valuation Reversed — When
Valuators are Valuated. An Analysis
of the Perception of and Reaction
to Reviewers in Fine-Dining

Martin Jarmatz
Organizing for Pricing

Niels Joachim Christfort Gormsen
Essays on Empirical Asset Pricing

Diego Zunino
Socio-Cognitive Perspectives in
Business Venturing

23.
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25.

26.

27.

28.

29.

30.

31.

32.

33.

Benjamin Asmussen
Networks and Faces between
Copenhagen and Canton,
1730-1840

Dalia Bagdziunaite

Brains at Brand Touchpoints

A Consumer Neuroscience Study of
Information Processing of Brand
Advertisements and the Store
Environment in Compulsive Buying

Erol Kazan
Towards a Disruptive Digital Platform
Model

Andreas Bang Nielsen
Essays on Foreign Exchange and
Credit Risk

Anne Krebs

Accountable, Operable Knowledge
Toward Value Representations of
Individual Knowledge in Accounting

Matilde Fogh Kirkegaard

A firm- and demand-side perspective
on behavioral strategy for value
creation: Insights from the hearing
aid industry

Agnieszka Nowinska

SHIPS AND RELATION-SHIPS

Tie formation in the sector of
shipping intermediaries in shipping

Stine Evald Bentsen

The Comprehension of English Texts
by Native Speakers of English and
Japanese, Chinese and Russian
Speakers of English as a Lingua
Franca. An Empirical Studly.

Stine Louise Daetz
Essays on Financial Frictions in
Lending Markets

Christian Skov Jensen
Essays on Asset Pricing

Anders Kryger

Aligning future employee action and
corporate strategy in a resource-
scarce environment
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37.

38.

39.

40.

41.

42.

Maitane Elorriaga-Rubio

The behavioral foundations of
strategic decision-making: A
contextual perspective

Roddy Walker

Leadership Development as
Organisational Rehabilitation.
Shaping Middle-Managers as
Double Agents

Jinsun Bae

Producing Garments for Global
Markets Corporate social
responsibility (CSR) in
Myanmar’s export garment
industry 2011-2015

Queralt Prat-i-Pubill

Axiological knowledge in a knowledge
driven world. Considerations for
organizations.

Pia Mglgaard
Essays on Corporate Loans and
Credit Risk

Marzia Arico

Service Design as a
Transformative Force:
Introduction and Adoption in an
Organizational Context

Christian Dyrlund Wahlin-
Jacobsen

Constructing change initiatives
in workplace voice activities
Studies from a social interaction
perspective

Peter Kalum Schou
Institutional Logics in
Entrepreneurial Ventures: How
Competing Logics arise and
shape organizational processes
and outcomes during scale-up

Per Henriksen

Enterprise Risk Management
Rationaler og paradokser i en
moderne ledelsesteknologi

43. Maximilian Schellmann
The Politics of Organizing
Refugee Camps

44. Jacob Halvas Bjerre
Excluding the Jews: The
Aryanization of Danish-
German Trade and German
Anti-Jewish Policy in
Denmark 1937-1943

45. Ida Schrader
Hybridising accounting and
caring: A symmetrical study
of how costs and needs are
connected in Danish child
protection work

46. Katrine Kunst
Electronic Word of Behavior:
Transforming digital traces of
consumer behaviors into
communicative content in
product design

47. Viktor Avlonitis
Essays on the role of
modularity in management:
Towards a unified
perspective of modular and
integral design

48. Anne Sofie Fischer
Negotiating Spaces of
Everyday Politics:

-An ethnographic study of
organizing for social
transformation for women in
urban poverty, Delhi, India
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1. Shihan Du
ESSAYS IN EMPIRICAL STUDIES
BASED ON ADMINISTRATIVE
LABOUR MARKET DATA

2. Mart Laatsit
Policy learning in innovation
policy: A comparative analysis of
European Union member states

3. Peter ). Wynne
Proactively Building Capabilities for
the Post-Acquisition Integration
of Information Systems

4. Kalina S. Staykova
Generative Mechanisms for Digital
Platform Ecosystem Evolution

5. leva Linkeviciute
Essays on the Demand-Side
Management in Electricity Markets

6. Jonatan Echebarria Fernandez
Jurisdiction and Arbitration
Agreements in Contracts for the
Carriage of Goods by Sea —
Limitations on Party Autonomy

7.  Louise Thorn Bgttkjeer
Votes for sale. Essays on
clientelism in new democracies.

8.  Ditte Vilstrup Holm
The Poetics of Participation:
the organizing of participation in
contemporary art

9.  Philip Rosenbaum
Essays in Labor Markets —
Gender, Fertility and Education

10. Mia Olsen
Mobile Betalinger - Succestaktorer
0g Adfzaerdsmaessige Konsekvenser

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Adrian Luis Mérida Gutiérrez
Entrepreneurial Careers:
Determinants, Trajectories, and
Outcomes

Frederik Regli
Essays on Crude Oil Tanker Markets

Cancan Wang

Becoming Adaptive through Social
Medla: Transforming Governance and
Organizational Form in Collaborative
E-government

Lena Lindbjerg Sperling
Economic and Cultural Development:
Empirical Studies of Micro-level Data

Xia Zhang

Obligation, face and facework:

An empirical study of the communi-
cative act of cancellation of an
obligation by Chinese, Danish and
British business protfessionals in both
L7 and ELF contexts

Stefan Kirkegaard Slgk-Madsen
Entrepreneurial Judgment and
Commercialization

Erin Leitheiser

The Comparative Dynamics of Private
Governance

The case of the Bangladesh Readly-
Made Garment Industry

Lone Christensen
STRATEGIIMPLEMENTERING:
STYRINGSBESTRABELSER, IDENTITET
OG AFFEKT

Thomas Kjaer Poulsen
Essays on Asset Pricing with Financial
Frictions

Maria Lundberg

Trust and self-trust in leadership iden-
tity constructions: A qualitative explo-
ration of narrative ecology in the dis-

cursive aftermath of heroic discourse
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24.

25.

26.

27.

28.

29.

30.

Tina Joanes

Sufficiency for sustainability
Determinants and strategies for reducing
clothing consumption

Benjamin Johannes Flesch

Social Set Visualizer (SoSeVi): Design,
Development and Evaluation of a Visual
Analytics Tool for Computational Set
Analysis of Big Social Data

Henriette Sophia Groskopff

Tvede Schleimann

Creating innovation through collaboration
— Partnering in the maritime sector

Kristian Steensen Nielsen
The Role of Self-Regulation in
Environmental Behavior Change

Lydia L. Jgrgensen
Moving Organizational Atmospheres

Theodor Lucian Vladasel
Embracing Heterogeneity: Essays in
Entrepreneurship and Human Capital

Seidi Suurmets

Contextual Effects in Consumer Research:
An Investigation of Consumer Information
Processing and Behavior via the Applicati
on of Eye-tracking Methodology

Marie Sundby Palle Nickelsen

Reformer mellem integritet og innovation:
Reform af reformens form i den danske
centraladministration fra 1920 til 2019

Vibeke Kristine Scheller

The temporal organizing of same-day
discharge: A tempography of a Cardiac
Day Unit

Qian Sun

Adopting Artificial Intelligence in
Healthcare in the Digital Age. Perceived
Challenges, Frame Incongruence, and
Social Power

31. Dorthe Thorning Mejlhede
Artful change agency and organizing for
innovation — the case of a Nordic fintech
cooperative

32. Benjamin Christoffersen
Corporate Default Models:
Empirical Evidence and Methodical
Contributions

33. Filipe Antonio Bonito Vieira
Essays on Pensions and Fiscal Sustainability

34. Morten Nicklas Bigler Jensen
Earnings Management in Private Firms:
An Empirical Analysis of Determinants
and Consequences of Earnings
Management in Private Firms

2020

1. Christian Hendriksen
Inside the Blue Box: Explaining industry
influence in the International Maritime
Organization

2. Vasileios Kosmas
Environmental and social issues in global
supply chains:
Emission reduction in the maritime
transport industry and maritime search and
rescue operational response to migration

3. Thorben Peter Simonsen
The spatial organization of psychiatric
practice: A situated inquiry into "healing
architecture’

4.  Signe Bruskin
The infinite storm. An ethnographic study
of organizational change in a bank

5. Rasmus Corlin Christensen
Politics and Professionals: Transnational
Struggles to Change International Taxation

6. Robert Lorenz Tormer
The Architectural Enablement of a Digital
Platform Strategy
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11.

12.

13.

14.

15.

16.

17.

Anna Kirkebak Johansson Gosovic
Ethics as Practice: An ethnographic
study of business ethics in a multi-
national biopharmaceutical company

Frank Meier
Making up leaders in leadership
development

Kai Basner
Servitization at work:
On proliferation and containment

Anestis Keremis

Anti-corruption in action: How is anti-
corruption practiced in multinational
companies?

Marie Larsen Ryberg

Governing Interdisciolinarity: Stakes and
translations of interdisciplinarity in Danish

high school education.

Jannick Friis Christensen

Queering organisation(s): Norm-critical
orientations to organising and researching

aiversity

Thorsteinn Sigurdur Sveinsson

Essays on Macroeconomic Implications of

Demographic Change

Catherine Casler

Reconstruction in strategy and
organization. For a pragmatic stance

Luisa Murphy

Revisiting the standard organization of

multi-stakeholder initiatives (MSIs):

The case of a meta-MS! in Southeast Asia

Friedrich Bergmann
Essays on International Trade

Nicholas Haagensen

European Legal Networks in Crisis: The

Legal Construction of Economic Policy

19.

20.

21.

22.

23.

24.

N

26.

27.

5.

Charlotte Biil

Samskabelse med en sommerfugle-
model: Hybrid ret i forbindelse med
et partnerskabsprojekt mellem 100
selvejende daginstitutioner, deres
paraplyorganisation, tre kommuner
og CBS

Andreas Dimmelmeier

The Role of Economic Ideas in
Sustainable Finance: From Paradigms
to Policy

Maibrith Kempka Jensen

Ledelse og autoritet i interaktion

- En interaktionsbaseret undersggelse
af autoritet i ledelse i praksis

Thomas Burg

LAND OF LIGHT: Assembling the
Ecology of Culture in Odsherred
2000-2018

Prins Marcus Valiant Lantz
Timely Emotion. The Rhetorical
Framing of Strategic Decision
Making

Thorbjgrn Vittenhof Fejerskov

Fra vaerd| til invitationer - offentlig
veerdiskabelse gennem affekt,
potentialitet og begivenhed

Lea Acre Foverskov

Demographic Change and Employ-
ment: Path dependencies and
institutional logics in the European
Commission

Anirudh Agrawal
A Doctoral Dissertation

Julie Marx
Households in the housing market

Hadar Gafni
Alternative Digital Methods of
Providing Entrepreneurial Finance
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30.

31.

32.

33.
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Mathilde Hjerrild Carlsen

Ledelse af engagementer: En undersogelse
af samarbejde mellem folkeskoler og
virksomheder i Danmark

Suen Wang

Essays on the Gendered Origins and
Implications of Social Policies in the
Developing World

Stine Hald Larsen

The Story of the Relative: A Systems-
Theoretical Analysis of the Role of the
Relative in Danish Eldercare Policy from
1930 to 2020

Christian Casper Hofma

Immersive technologies and organizational
routines. When head-mounted displays
meet organizational routines

Jonathan Feddersen

The temporal emergence of social
relations. An event-based perspective of
organising

Nageswaran Vaidyanathan
ENRICHING RETAIL CUSTOMER
EXPERIENCE USING AUGMENTED REALITY

Vanya Rusinova

The Determinants of Firms’ Engagement
in Corporate Social Responsibility:
Evidence from Natural Experiments

Livia Lopes Barakat

Knowledge management mechanisms
at MNCs:

The enhancing effect of absorptive
capacity and its effects on performance
and innovation

Sgren Bundgaard Bragger
Essays on Modern Derivatives Markets

Martin Friis Nielsen

Consuming Memory: Towards a conceptu-
alization of social media platforms as
organizational technologies of consumption
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07.

08.

09.

10.

11.

12.

13.

14.

15.

Fei Liu

Emergent Technology Use in Consumer
Decision Journeys: A Process-as-Propensity
Approach

Jakob Rgmer Barfod
Ledelse | militaere hajrisikoteams

Elham Shafiei Gol
Creative Crowdwork Arrangements

Arni J6han Petersen
Collective Imaginary as (Residual) Fantasy:
A Case Study of the Faroese Oil Bonanza

Sgren Bering
“Manufacturing, Forward Integration
and Governance Strategy”

Lars Oehler

Technological Change and the Decom-
position of Innovation:

Choices and Consequences for Latecomer
Firm Upgrading: The Case of China’s Wind
Energy Sector

Lise Dahl Arvedsen

Leadership in interaction in a virtual
context:

A study of the role of leadership processes
in a complex context, and how such
processes are accomplished in practice

Jacob Emil Jeppesen
Essays on Knowledge networks, scientific
impact and new knowledge adoption

Kasper Ingeman Beck

Essays on Chinese State-Owned
Enterprises:

Reform, Corporate Governance
and Subnational Diversity

Sénnich Dahl Sénnichsen

Exploring the interface between public
demand and private supply for implemen-
tation of circular economy principles

Benjamin Knox
Essays on Financial Markets
and Monetary Policy



16.

17.

18.

19.

20.
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22.

23.

24,

25.

26.

Anita Eskesen

Essays on Utility Requlation:

Evaluating Negotiation-Based Approaches
inthe Context of Danish Utility Requlation

Agnes Guenther
Essays on Firm Strategy and Human
Capital

Sophie Marie Cappelen

Walking on Eggshells: The balancing act
of temporal work in a setting of culinary
change

Manar Saleh Alnamlah
About Gender Gaps in Entrepreneurial
Finance

Kirsten Tangaa Nielsen
Essays on the Value of CEOs and Directors

Renée Ridgway
Re:search - the Personalised Subject vs.
the Anonymous User

Codrina Ana Maria Lauth

IMPACT Industrial Hackathons:

Findings from a longitudinal case study on
short-term vs long-term IMPACT imple-
mentations from industrial hackathons
within Grundfos

Wolf-Hendrik Uhlbach
Scientist Mobility: Essays on knowledge
production and innovation

Tomaz Sedej
Blockchain technology and inter-organiza-
tional relationships

Lasse Bundgaard

Public Private Innovation Partnerships:
Creating Public Value & Scaling Up
Sustainable City Solutions

Dimitra Makri Andersen

Walking through Temporal Walls:
Rethinking NGO Organizing for Sus-
tainability through a Temporal Lens on
NGO-Business Partnerships

27.

28.

30.

32.

33.

34.

35.

36.

Louise Fjord Kjeersgaard

Allocation of the Right to Tax Income
from Digital Products and Services:

A legal analysis of international tax
treaty law

Sara Dahlman
Marginal alternativity: Organizing for
sustainable investing

Henrik Gundelach

Performance determinants:

An Investigation of the Relationship
between Resources, Experience and
Performance in Challenging Business
Environments

Tom Wraight

Confronting the Developmental
State: American Trade Policy in the
Neoliberal Era

Mathias Fjeellegaard Jensen
Essays on Gender and Skills in the
Labour Market

Daniel Lundgaard

Using Social Media to Discuss Global
Challenges. Case Studies of the
Climate Change Debate on Twitter

Jonas Sveistrup Segaard

Designs for Accounting Information
Systems using Distributed Ledger
Technology

Sarosh Asad

CEO narcissism and board compo-
sition: Implications for firm strategy
and performance

Johann Ole Willers

Experts and Markets in Cybersecurity
On Definitional Power and the
Organization of Cyber Risks

Alexander Kronies
Opportunities and Risks in
Alternative Investments



37. Niels Fuglsang
The Politics of Economic Models: An
inquiry into the possibilities and limits
concerning the rise of macroeconomic
forecasting models and what this means
for policymaking

38. David Howoldt
Policy Instruments and Policy Mixes for
Innovation: Analysing Their Relation to
Grand Challenges, Entrepreneurship and
Innovation Capability with Natural
Language Processing and Latent Variable
Methods
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01. Ditte Thggersen
Managing Public Innovation on the
Frontline

02. Rasmus Jgrgensen
Essays on Empirical Asset Pricing and
Private Equity

03. Nicola Giommetti
Essays on Private Equity

04. Laila Starr
When Is Health Innovation Worth It?
Essays On New Approaches To Value
Creation In Health

05. Maria Krysfeldt Rasmussen
Den transformative ledelsesbyrde
— etnografisk studie af en religionsinspireret
ledelsesfilosofi i en dansk modevirksomhed

06. Rikke Sejer Nielsen
Mortgage Decisions of Household's:
Consequences for Consumption and Savings

07. Myriam Noémy Marending
Essays on development challenges of low
income countries: Evidence from conflict,
pest and credit

08. Selorm Agbleze
A BEHAVIORAL THEORY OF FIRM
FORMALIZATION
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10.
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14.

15.

16.

17.

18.

19.

Rasmus Arler Bogetoft

Rettighedshavers faktisk lidte tab i imma-
terialretssager: Studlier af dansk ret med
Stotte | skonomisk teori og metode

Franz Maximilian Buchmann

Driving the Green Transition of the Mari-
time Industry through Clean Technology
Adoption and Environmental Policies

lvan Olav Vulchanov
The role of English as an organisational
language in international workplaces

Anne Agerbak Bilde
TRANSFORMATIONER AF SKOLELEDELSE
- en systemteoretisk analyse af hvordan
betingelser for skoleledelse forandres
med leering som genstand i perioden
1958-2020

JUAN JOSE PRICE ELTON

EFFICIENCY AND PRODUCTIVITY
ANALYSIS: TWO EMPIRICAL APPLICATIONS
AND A METHODOLOGICAL CONTRIBUTION

Catarina Pessanha Gomes

The Art of Occupying: Romanticism as
Political Culture in French Prefigurative
politics

Mark @rberg
Fondsretten og den levende vedtaegt

Majbritt Greve

Maersk’s Role in Economic Development:
A Study of Shipping and Logistics Foreign
Direct Investment in Global Trade

Sille Julie J. Abildgaard
Doing-Being Creative: Empirical Studlies of
Interaction in Design Work

Jette Sandager

Glitter, Glamour, and the Future of (More)
Girls in STEM: Gendered Formations of STEM
Aspirations

Casper Hein Winther

Inside the innovation lab - How paradoxical
tensions persist in ambidextrous organiza-
tions over time
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27.

28.

29.

30.

Nikola Kosti¢

Collaborative governance of inter-organiza-
tional relationships: The effects of manage-
ment controls, blockchain technology, and

industry standards

Saila Naomi Stausholm

Maximum capital, minimum tax: Enablers and

facilitators of corporate tax minimization

Robin Porsfelt

Seeing through Signs. On Economic Imagi-

nation and Semiotic Speculation
Michael Herburger
Supply chain resilience — a concept for

coping with cyber risks

Katharina Christiane Nielsen Jeschke

Balancing safety in everyday work - A case
study of construction managers’ dynamic

safety practices

Jakob Ahm Sgrensen
Financial Markets with Frictions and
Belief Distortions

Jakob Laage-Thomsen
Nudging Leviathan, Protecting Demos
- A Comparative Sociology of Public

Administration and Expertise in the Nordics

Kathrine Sgs Jacobsen Cesko

Collaboration between Economic Operators

in the Competition for Public Contracts:
A Legal and Economic Analysis of Grey

Zones between EU Public Procurement Law

and EU Competition Law

Mette Nelund

Den nye jord — Et feltstudie af et baere-
dygtigt virke pa Farendlose Mosteri

Benjamin Cedric Larsen

Governing Artificial Intelligence — Lessons

from the United States and China

Anders Brgndum Klein

Kollektiv meningsdannelse iblandt
heterogene aktarer i eksperimentelle
samskabelsesprocesser
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Stefano Tripodi
Essays on Development Economicis

Katrine Maria Lumbye
Internationalization of European
Electricity Multinationals in Times of
Transition

Xiaochun Guo

Dynamic Roles of Digital Currency
— An Exploration from Interactive
Processes: Difference, Time, and
Perspective

Louise Lindbjerg
Three Essays on Firm Innovation

Marcela Galvis Restrepo

Feature reduction for classification
with mixed data: an algorithmic
approach

Hanna Nyborg Storm

Cultural institutions and attractiveness
— How cultural institutions contribute
to the development of regions and
local communities

Anna-Bertha Heeris Christensen
Conflicts and Challenges in Practices
of Commercializing Humans —

An Ethnographic Study of Influencer
Marketing Work

Casper Berg Lavmand Larsen

A Worker-Centered Inquiry into the
Contingencies and Consequences of
Worker Representation

Niels le Duc
The Resource Commitment of
Multinational Enterprise R&D Activities

Esben Langager Olsen

Change management tools and
change managers — Examining the
simulacra of change

Anne Sophie Lassen
Gender in the Labor Market
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Alison E. Holm
Corrective corporate responses to
accusations of misconduct on societal issues

Chenyan Lyu
Carbon Pricing, Renewable Energy, and
Clean Growth — A Market Perspective

Alina Grecu

UNPACKING MULTI-LEVEL OFFSHORING
CONSEQUENCES: Hiring Wages, Onshore
Performance, and Public Sentiment

Alexandra Luth
Offshore Energy Hubs as an Emerging
Concept — Sector Integration at Sea

Cheryl Basil Sequeira

Port Business Development — Digitalisation
of Port Authroity and Hybrid Governance
Model

Mette Suder Franck

Empirical Essays on Technology Supported
Learning — Studies of Danish Higher Educa-
tion

Sgren Lund Frandsen
States and Experts — Assembling Expertise
for Climate Change and Pandemics

Guowei Dong

Innovation and Internationalization —
Evidence from Chinese Manufacturing
Enterprises

Eileen Murphy

In Service to Security — Constructing the
Authority to Manage European Border Data
Infrastructures

Bontu Lucie Guschke

THE PERSISTENCE OF SEXISM AND
RACISM AT UNIVERSITIES — Exploring

the imperceptibility and unspeakability of
workplace harassment and discrimination
in academia
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Christoph Viebig

Learning Entrepreneurship —

How capabilities shape learning from
experience, reflection, and action

Kasper Regenburg
Financial Risks of Private Firms

Kathrine Mgaller Solgaard
Who to hire? — A situated study of employee
selection as routine, practice, and process

Jack Kveerng-Jones

Intersections between FinTech Imaginaries
and Tradlitional Banking — A study of
disciplinary, implementary, and parasitic
work in the Danish financial sector

Stine Quorning

Managing Climate Change Like a Central
Banker — The Political Economy of Greening
the Monetary Technocracy

Amanda Bille

No business without politics — Investigating
the political nature of supply chain
management

Theis Ingerslev Jensen
Essays on Empirical Asset Pricing

Ann Fugl-Meyer

The Agile Imperative — A Qualitative Study
of a Translation Process in the Danish Tax
Administration

Nicolai Sg@gaard Laursen
Longevity risk in reinsurance and equity
markets

Shelter Selorm Kwesi Teyi
STRATEGIC ENTREPRENEURSHIP IN THE
INFORMAL ECONOMY

Luisa Hedler
Time, Law and Tech — The introduction of
algorithms to courts of law

Trondur Mgller Sandoy
Essays on the Economics of Education



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Nathan Rietzler
Crowdsourcing Processes and Performance
Outcomes

Sigrid Alexandra Koob
Essays on Democracy, Redistribution,
and Inequality

David Pinkus
Pension Fund Investment: Implications for
the Real Economy

Sina Smid

Inequality and Redistribution — Essays on
Local Elections, Gender and Corruption in
Developing Countries

Andreas Braggger
Financial Economics with Preferences and
Frictions

Timothy Charlton-Czaplicki
Arendt in the platformised world — Labour,
work and action on digital platforms

Leticia Vedolin Sebastido
Mindfulness and Consumption:
Routes Toward Consumer Self-Control

Lotte List
Crisis Sovereignty — The Philosophy of
History of the Exception

Jeanette Walldorf
Essays on the Economics of Education and
Labour Market

Juan Camilo Giraldo-Mora
It is Along Ways — Global Payment
Infrastructure in Movement

Niels Buus Lassen
THE PREDICTIVE POWER OF SOCIAL
MEDIA DATA

Frederik Bjgrn Christensen
Essays on the Intergenerational Welfare
State

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Shama Patel

The Summer of 2020: Situating Digital
Medlia in Scaling Affective Contagion:
A Case of the George Floyd Video

Federico Jensen

Who rules the waves in the 2 1st
Century?

The international political economy
of global shipping

Tobias Berggren Jensen

Selvledende organisationer i den
offentlige sektor — modsaetninger og
konflikter i radikal decentralisering

Jonathan Harmat
The Affects By Which We Are Torn
Four Essays on Government and Affect

Jorgen Valther Hansen

The Big 4 Audit Firms and the
Public Interest

Public oversight & Audit Firm
Governance

Stig Strandbaek Nyman
The Birth of Algorithmic Aspirational
Control

Morten Tinning

Steaming Ahead

Experiences and the Transition from
Sail to Steam

Oguzhan Cepni
Essays in Applied Financial Economics

Tim Dominik Maurer
Essays on Pension Policy

Aixa Y. Aleman-Diaz

Exploring Global Ideas in National
Policy for Science, Technology and
Innovation an Isomorphic Difference
Approach



41. Michael Guldenpfennig
Manaqging the interrelationships between
manutacturing system elements for
productivity improvement in the factory

42. Jun Yuan (Julian) Seng
Essays on the political economy of
innovative startups

43. Jacek Piosik
Essays on Entrepreneurial Finance

44. Elizabeth Cooper
Tourists on the Edge
Understanding and Encouraging Sustainable
Tourist Behaviour in Greenland

2024

01. Marija Sarafinovska
Patients as Innovators: An Empirical Study of
Patients’ Role in Innovation in the Healthcare
Industry

02. Niina Hakala
Corporate Reporting in the Governance of
Climate Transition — Framing agency in a
financialized world

03. Kasper Merling Arendt
Unleashing Entrepreneurial Education
Developing Entrepreneurial Mindsets,
Competencies, and Long-Term Behavior

04. Kerstin Martel
Creating and dissolving ‘identity’
in global mobility studies -
a multi-scalar inquiry of belongingness
and becoming on-the-move

05. Sofie Elbaek Henriksen
Big Tech to the Rescue?
An Ethnographic Study of Corporate
Humanitarianism in the Refugee Crisis

06. Christina Kjeer
Corporate scandals
- in the age of ‘responsible business’

07.

08.

09.

10.

11.

12.

13.

14.

15.

16.

17.

Anna Stober

Embedded Self-Managing Modes of
Organizing

Empirical Inquiries into Boundaries,
Momentum, and Collectivity

Lucas Séren Gobeler
Shifting and Shaping
Physicality in Digital Innovation

Felix Schilling
Department of International Economics,
Government and Business

Mathias Lund Larsen
China and the Political Economy of the
Green State

Michael Bennedsen Hansen

At 13 sjaelen med

En narrativ analyse af danske container-
safolks erindringer, fortidsbrug og identitets-
konstruktioner

Justyna Agata Bekier

More than a numbers game

Accounting for circular economy perfor-
mance in collaborative initiatives in cities

Frederik Schade

The Question of Digital Responsibility

An Ethnography of Emergent Institutional
Formations in the Contemporary
Governance of Technology

Alexandrina Schmidt

The Mundane in the Digital: A qualitative
studly of social work and vulnerable clients
in Danish job centres

Julian Fernandez Mejia
Essays on International Finance

Leonie Decrinis

Nudaging in the Workplace: Exploring a
Micro-level Approach Towards Corporate
Sustainability

Nina Frausing Pedersen

A Framing Contest between Institutional
Actors on Crypto-Asset Policymaking in
the EU



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Amalie Toft Bentsen 29.

The Internal Market & the EU
Climate Regime

Interactions and frictions in the
legal norm systems

Sippo Rossi
Bots on Social Media

The Past, Present and Future 30.

Sumair Hussain
Essays on Disclosures

31.

Kseniia Kurishchenko
Novel Mathematical Optimization Models
for Explainable and Fair Machine Learning

Maylis Saigot

At The Heart of Digital Collaboration
Navigating Interpersonal Affective Pathways
in Digitalized Work Environments

Alessandro Spina
Essays in Financial Markets and Beliefs

Charlotte Cator
Transforming the city for sustainable futures?
Contestation and alternatives in Amsterdam

Daniela Micu
Essays on Design Science in Management
and Marketing

Olimpija Hristova Zaevska

INDUSTRY 4.0 ECOSYSTEMS.: STRUCTURE,
VALUE CREATION AND IMPACT ON REGION-
AL INNOVATION

Thomas Holde Skinnerup

The Role of Accounting in Governing
Public Organizations

The Case of the Danish University Sector

Christina Juhlin

Management of the Meantime

- the senses, attachments, and time in the
aesthetic city

Joachim Elmegaard

Navigating the Digital Frontier in
Accounting

Transformative Impacts and Interplay
of Digitalization, Accounting Systems,
and Management Accountants in an
Institutional Context

Leonardo Maria De Rossi
Bitcoin as a Sustainable Polycentric
Digital Infrastructure

Kristoffer Halskov
Essays on Empirical Asset Pricing



TITLER I ATV PH.D.-SERIEN

1992
1.

1995

1999

2000

2001

2002

Niels Kornum
Servicesamkarsel — organisation, oko-
nomi og planleegningsmetode

Verner Worm

Nordiske virksomheder i Kina
Kulturspecifikke interaktionsrelationer
ved nordiske virksomhedsetableringer i
Kina

Mogens Bjerre

Key Account Management of Complex
Strategic Relationships

An Empirical Study of the Fast Moving
Consumer Goods Industry

Lotte Darsg

Innovation in the Making

Interaction Research with heteroge-
neous Groups of Knowledge Workers
creating new Knowledge and new
Leads

Peter Hobolt Jensen

Managing Strategic Design Identities
The case of the Lego Developer Net-
work

Peter Lohmann

The Deleuzian Other of Organizational
Change — Moving Perspectives of the
Human

Anne Marie Jess Hansen

To lead from a distance: The dynamic
interplay between strategy and strate-
gizing — A case study of the strategic
management process

2003

2005
10.

Lotte Henriksen

Videndeling

— om organisatoriske og ledelsesmaes-
sige udfordringer ved videndeling i
praksis

Niels Christian Nickelsen
Arrangements of Knowing. Coordl-
nating Procedures Tools and Bodies in
Industrial Production — a case study of
the collective making of new products

Carsten @rts Hansen
Konstruktion af ledelsesteknologier og
effektivitet

TITLER | DBA PH.D.-SERIEN

2007
1.

2009

2010

Peter Kastrup-Misir

Endeavoring to Understand Market
Orientation — and the concomitant
co-mutation of the researched, the

re searcher, the research itself and the
truth

Torkild Leo Thellefsen

Fundamental Signs and Significance
effects

A Semeiotic outline of Fundamental
Signs, Significance-effects, Knowledge
Profiling and their use in Knowledge
Organization and Branding

Daniel Ronzani

When Bits Learn to Walk Don’t Make
Them Trip. Technological Innovation
and the Role of Regulation by Law

in Information Systems Research: the
Case of Radio Frequency Identification
(RFID)

Alexander Carnera
Magten over livet og livet som magt
Studier i den biopolitiske ambivalens



	Cover
	Title page
	Colophon
	Acknowledgments
	Summaries in Englisk
	Resuméer på dansk
	Introduction
	Contents
	A Deep Structural Model for Empirical Asset Pricing
	Introduction
	Model
	A General Model
	Simplifying Assumptions
	Model Implications
	Empirical Implementation

	Empirical Results
	Data
	The Estimated Model Parameters
	Equity Return Prediction
	Equity Return Variance Prediction
	Mean-Variance Efficient Portfolios
	Enforcing No-Arbitrage

	Conclusion
	Appendix
	Proofs
	DSM Implementation Details
	Data Preprocessing


	Improving Merger Arbitrage Returns with Machine Learning
	Introduction
	Risk Arbitrage Review
	Methodology
	Classification and Regression Models
	Performance Evaluation
	Variable Importance
	Calculating Merger Arbitrage Return Series

	Data
	Data Gathering and Filtering
	Full Sample Overview

	Empirical Results
	Conditional Probabilities
	Expected Return Estimates
	The Aggregate Merger Arbitrage Market

	Conclusion
	Appendix
	Model Structure and Optimization
	Model Training Procedure
	Probability Calibration
	Variable Importance Measure
	Data Filtering
	Explanatory Variables


	Pricing of Sustainability-Linked Bonds
	Introduction
	Sustainability-Linked Bonds
	A model for sustainability-linked bonds
	A general model
	A tractable model: Formulas and estimation

	Data
	Empirical results
	Liquidity
	Sustainium
	SLB premium determinants
	Are SLBs mispriced?
	ESG risk premium

	Conclusion
	Appendix
	Data


	TITLER I PH.D.SERIEN



