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Abstract

Empirical analysis of investors’ perceptions of CoCos:
Are they going concern capital?

by Jakob Bøgsted

If contingent convertible bonds (CoCos) are going concern capital, they should reduce
stock price volatility, if investors perceive the magnitude and probability of conversion
to be sufficiently high (Fiordelisi, Pennacchi, and Ricci, 2020). This study tests this hy-
pothesis through a panel data methodology applied to a data set of listed European banks
from 2012 to 2019. The empirical analysis is varied along two dimensions: Model speci-
fication and type of CoCo issuance. It is concluded that stock price volatility is reduced
when including various lags of a CoCo issuance indicator variable, control variables, and
a bank-specific fixed effect. This result is interpreted to mean that CoCos are potentially
considered going concern capital by investors, since the finding implies that the market
believes that loss absorption by CoCos will potentially occur in distress. However, the
finding is not robust to inclusion of a year fixed effect. Thus further research into the
matter is recommended. Further, evidence is presented that investors perceive equity
conversion CoCos as more likely to convert than principal write down CoCos, but higher
trigger levels do not seem to manifest in a higher perceived likelihood of conversion.
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1 Introduction

1.1 Motivation

Contingent convertible bonds (CoCos) have emerged after the financial crisis as a poten-
tial remedy to improve the stability of the financial system. The financial crisis demon-
strated that repairing the financial system in the midst of a crisis is highly complex and
costly to taxpayers (Avdjiev et al., 2015). Some of the complexity stems from the reluc-
tance of failing banks to recapitalize by issuing new equity due to debt overhang. Avdjiev
et al. (2015) argues that "CoCos [are] a quick and effective way of delevering a bank that has in-
curred losses and to put it back on a sounder financial footing". Accordingly, regulators have
welcomed CoCos as a potential remedy to improve the stability of financial systems and
therefore allow CoCos to qualify as additional tier 1 (AT1) capital (Berg and Kaserer,
2015). The importance of CoCos is highlighted by their increasing importance in the cap-
ital structure of banks and their worldwide outstanding value which exceeds $400 billion
(Oster, 2019).

Flannery (2005) originally proposed CoCos as a potential solution to the recapitalization
problem and argued that they would strengthen financial institutions and the financial
system. In their current form, CoCos are a debt instrument which in contrast to normal
debt has an embedded feature that forces the issuer to recapitalize automatically prior
to bankruptcy in the event of distress (Avdjiev, Kartasheva, and Bogdanova, 2013). The
recapitalization is conducted by writing down the debt or converting it to equity at pre-
specific contractual terms which is intended to provide a buffer against bankruptcy. The
write-down or conversion of CoCos is executed automatically by a pre-specified trigger
based on regulatory capital ratios.

The CoCos that have been issued in recent years differ markedly from how they were
proposed initially. This is one of the reasons why CoCos have been debated extensively
in academic literature. Some researchers argue that CoCos are effective and aid in sta-
bilizing the financial system, while others argue that they are likely to fail. The critics
point to various faults in the prevailing CoCo design, namely the trigger mechanisms,
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trigger levels, and loss absorption mechanisms (Oster, 2019). Oster (2019) argues that the
next financial crisis will determine which side of the discussion will prevail. Nonetheless,
this study seeks to contribute to this discussion by attempting to answer the question of
whether CoCos are effective.

1.2 Problem statement and approach

This study’s contribution is directed at the discussion of whether CoCos are going con-
cern or gone concern capital. I.e. whether CoCos will convert prior to bankruptcy as
promised. Based on a mathematical model developed by Fiordelisi, Pennacchi, and Ricci
(2020), it is hypothesized that CoCos reduce stock return volatility, if investors believe
that the likelihood and magnitude of write-down/conversion in distress is sufficiently
high.

To test this hypothesis, a statistical model is presented and applied to a data set of obser-
vations of listed European banks in the years 2012 to 2019. The statistical model predicts
stock return volatility as a function of CoCo issuance controlled for lagged financial met-
rics and fixed effects. According to the hypothesis, if CoCos reduce stock return volatility,
it is concluded that investors perceive CoCos as likely to be written down/convert, and
they must therefore consider CoCos as going concern capital.

The statistical model is estimated, and the resulting coefficient estimates are tested for
statistical significance with the purpose of rejecting or confirming the proposed hypothe-
ses.

In addition, this study examines whether investor perception of the likelihood and mag-
nitude of write-down/conversion differs between equity conversion (EC) CoCos or prin-
cipal write-down (PW) CoCos and whether the CoCos have a high or low trigger level.
I.e. are EC CoCos or high trigger level CoCos more likely to be going concern capital than
PW CoCos and low trigger level CoCos?

Section 2 is intended to give the reader a baseline understanding of CoCos, while section
3 reviews the academic discussions revolving CoCos that have been ongoing in recent
years. The underlying mathematical models, data, statistical models, and test procedures
that are employed in the empirical analysis are introduced in section 4. The results of the
empirical analyses are presented in section 5. These results are then discussed in chapter
6.
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2 A primer on CoCos

2.1 Introduction to CoCos

When a bank experiences financial distress, recapitalization may prove difficult, since
investors are reluctant to contribute additional capital (Avdjiev, Kartasheva, and Bog-
danova, 2013). This reluctance is caused by the debt overhang problem, whereby the
firm’s equity value rises by less than the newly contributed equity capital due to a wealth
transfer to bondholders (Flannery, 2017). This effect is exacerbated when uncertainty
about asset values and volatility is high such as in a financial crisis. Governments are
reluctant to let large financial institutions become insolvent since potential contagion ef-
fects can be disastrous. Thus, governments may be forced to bail-out these large financial
institutions at the expense of taxpayers (Avdjiev, Kartasheva, and Bogdanova, 2013). By
realizing this ex-ante, bank shareholders’ risk-taking incentives are distorted.

Flannery (2005) proposed CoCos as a potential solution to the aforementioned recapital-
ization problem. The following section will give the uninitiated reader an understanding
of the structure and primary characteristics of CoCos. Flannery’s (2005) original pro-
posal recommended a type of security which in many respects differ from the CoCos
that have been issued in recent years. The following section will focus on the character-
istics of the instruments that have been issued in recent years. The purpose hereof is to
give the reader a baseline knowledge of CoCos which is paramount in understanding
their function and role in financial regulation, while section 3 will focus on the academic
discussions surrounding the instrument.

2.1.1 Characteristics of CoCos

CoCos are intended to absorb losses automatically according to pre-defined contractual
terms in a going concern scenario (Avdjiev, Kartasheva, and Bogdanova, 2013). This
feature contrasts regular bonds which absorb losses only in gone concern scenarios, i.e.
when a bank enters a resolution at the hands of regulators. In practice the contractual
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terms of CoCos state that the bonds shall absorb losses when a pre-specified trigger is ac-
tivated. The trigger and loss absorption mechanisms can take various forms, however, in
all cases the bank’s debt is reduced, and therefore the capitalization of the bank improves
(Avdjiev, Kartasheva, and Bogdanova, 2013).

Figure 2.1 outlines the primary characteristics of CoCos which can be broadly divided
into two categories: The loss absorption mechanism and the trigger mechanism. The
following sections will delve deeper into these two categories of characteristics and touch
upon how CoCos affect the capital adequacy and the capital structure of banks.

FIGURE 2.1: Primary characteristic breakdown of CoCos issued as AT1 capital under Basel III.
Source: Author’s representation.

Loss absorption mechanism

The loss absorption mechanism describes the process by which a CoCo absorbs losses
when triggered. Flannery (2005) originally proposed CoCos as converting to equity. This
type of CoCo is called an equity conversion (EC) CoCo. When an EC CoCo is triggered
the CoCo is written down and in return the holder is awarded either a pre-specified
number of shares or a nominal amount of shares depending on the share price (Avdjiev,
Kartasheva, and Bogdanova, 2013). In effect, the CoCo debt disappears from the balance
sheet and the former CoCo holders become shareholders of the issuer. Hence, equity
makes up a greater part of the issuers capitalization, and a potential bankruptcy may be
forestalled.
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Principal write-down (PW) is the second type of loss absorption mechanism. In many
ways, a PW CoCo functions as an EC CoCo except that when it is triggered the CoCo
holder is not awarded new shares. Instead the principal of the CoCo may be completely
or partially written down (Avdjiev, Kartasheva, and Bogdanova, 2013). In some cases the
write-down of the CoCo is temporary.

In addition to the primary loss absorption mechanism, issuers of AT1 CoCos have coupon
discretion and coupons may be suspended by regulators (Basel Committee on Banking
Supervision, 2010). Thus, a bank has full discretion to suspend coupons without trigger-
ing an event of default. This might happen if for example the issuer is in danger of not
meeting its contractual obligations.

Trigger mechanism

In the original proposal, Flannery (2005) envisioned CoCos as being triggered by market-
based capital ratios. However, in practice CoCos may have multiple triggers based on
a variety of measures. Under the Basel III framework, CoCos must trigger mechanically
based on the CET1/RWA regulatory ratio (Avdjiev, Kartasheva, and Bogdanova, 2013).
Thus, in practice a CoCo triggers the loss absorption mechanism when the pre-set trig-
ger level defined as CET1/RWA is reached or exceeded. For example, if a CoCo has a
pre-specified trigger of 6% CET/RWA, and the bank reports a CET/RWA ratio of 5.5%,
then the trigger is activated and the loss absorption mechanism will take effect. Further,
under the Basel III framework, the mechanical trigger must be 5.125% or above (Avdjiev,
Kartasheva, and Bogdanova, 2013).

Under Basel III, CoCos must also include a "point of non-viability" (PONV) trigger which
is activated based on an assessment of viability by the regulator (Avdjiev, Kartasheva,
and Bogdanova, 2013). Thus, if the regulator fears that a bank may become insolvent, it
may activate the trigger thereby preempting the mechanical trigger. The activation of the
PONV trigger then forces the loss absorption mechanism to be enacted.

Conversion ratio

When an EC CoCo is issued the contractual terms determine how many new shares are
issued to the former CoCo holders. Alternatively a nominal amount is fixed which en-
tails that the new shares is a floating value corresponding to the prevailing share price
(Fiordelisi, Pennacchi, and Ricci, 2020). For the purposes of the presented analysis, the
conversion ratio expresses the nominal amount of equity that a former CoCo holder is
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given in relation to the face value of the CoCo. Conversion ratios range between zero
and one, where a value of zero indicates that the former CoCo holder gets $0 for each $1
of face value. Similarly a conversion ratio of one indicates that the former CoCo holder
gets $1 for each $1 of face value. In theory the conversion ratio could exceed one, but for
most intents and purposes it is safe to assume a value between zero and one.

For PW CoCos the conversion ratio expresses the degree to which the CoCo is written
down. A full write-down where the CoCo holder is left with nothing after the trigger is
breached is equivalent to a conversion ratio of zero. A partial WD CoCo with a conver-
sion ratio of 0.5 would yield the CoCo holder with half of the original face value.

The conversion ratio implied by the original proposal by Flannery (2005) was one. He
argues that shareholders should bear the full risk of their actions before CoCo holders
are exposed. A conversion ratio below one implies a wealth transfer from CoCo holders
to shareholders since CoCos are not compensated in full. This wealth transfer may have
unintended consequences as will be discussed in section 3. Most issued CoCos are likely
to have considerably lower conversion ratios than one (Berg and Kaserer, 2015). This is
especially the case for PW CoCos, where most of the issued CoCos will be written down
in full if triggered, i.e. a conversion ratio of zero.

Capital adequacy and capital structure

In the eyes of regulators, CoCos strengthen the resilience of the financial system (Berg
and Kaserer, 2015). Therefore, regulators encourage the issuance of CoCos by allowing
them to be classified as tier 1 capital subject to various requirements. Thus, banks issue
CoCos primarily to satisfy capital requirements (Avdjiev, Kartasheva, and Bogdanova,
2013).

Figure 2.2 illustrates the capital requirements that banks are met with in Europe under
CRD IV and CRR1. The figure illustrates how CoCos play into the capital requirements
of banks. Firstly, the 1.5% of RWA AT1 requirement can be met by AT1 CoCos. Secondly,
the 2% of RWA tier 2 requirement can also be met by AT1/Tier 2 CoCos. Lastly, up
to 44% of the Pillar II add-on of 2% of RWA can be met by AT1 CoCos. Combining
these observations, CoCos can contribute a total of 4.38% of RWA of the required capital.
Accordingly, CoCos can potentially play a vital role in a banks’ capital structure.

1Capital Requirements Directive IV and Capital Requirements Regulation



Chapter 2. A primer on CoCos 7

FIGURE 2.2: Illustration of capital requirements as percent of RWA under CRD IV/CRR. Source:
Adaptation of figure from (Grinderslev and Kristiansen, 2017).

Figure 2.3 illustrates how CoCos may be implemented in recapitalizations of banks that
seek to make CoCos part of their capital structure. These illustrative examples serve to
show how the motives for issuing CoCos may differ.

FIGURE 2.3: Illustrative recapitalization scenarios when issuing CoCos. Source: Author’s repre-
sentation.

In the first scenario, CoCos replace subordinated debt which is considered tier 2 capi-
tal for this purpose. The purpose of this could be to signal that the bank is committed
to maintain a conservative capital structure without replacing subordinated debt with
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equity which might be expensive. Further, if the CoCos are AT1 capital this might help
satisfy the tier 1 capital requirement. In the second scenario, costly equity is replaced with
cheaper AT1 CoCos while still maintaining the ability to convert the CoCos to equity in
the event of distress. The third example is a combination of the two previous examples.
Further, note that the loss absorption of a triggered CoCo can be illustrated by observing
the change when going in reverse from scenario 2.

The aforementioned examples touch upon one of the few other motivations of issuing
CoCos beside satisfying capital requirements. More specifically, the total cost of capital
may increase if it is funded by too much equity (Flannery, 2017). CoCo coupons are tax
deductible in some jurisdictions which may increase firm value (Song and Yang, 2016).
Further, Von Furstenberg (2013) finds that issuing a CoCo with a 7% trigger when the
issuers CET1/RWA ratio is above 10% results in the average premium for equity being
three times larger than the cost of the CoCo. Thus, for some issuers there seems to be
multiple motivations to issue CoCos to replace both equity and subordinated debt.

2.2 Historical context

The first CoCo was issued by Danske Bank in 2009 to supplement state guarantees (Oster,
2019) while the first listed CoCo was issued by Lloyds Banking Group (Boermans and
Van Wijnbergen, 2018). In the years after the financial crisis European banks have become
increasingly reliant on CoCos (Boermans and Van Wijnbergen, 2018). The outstanding
amount of CoCos in Europe tripled between 2012 and 2015. The increasing importance
of CoCos has been driven by the Basel III framework as implemented in Europe through
CRR and BRRD2 (Boermans and Van Wijnbergen, 2018). Further, as of October 2018, the
value of outstanding CoCos worldwide exceeded $400 billion (Oster, 2019).

Figure 2.4 depicts the development in CoCo issuances for the sample used in this analy-
sis. Thus, it does not paint the full picture of CoCo issuances in recent years but focuses
on major listed European banks. However, it can be observed that CoCo issuances have
grown increasingly popular since 2012. In 2019 more than 30 issuances were conducted
by major listed European banks compared to only 6 in 2012. Further, from the figure it
can be observed that PW CoCos have been increasingly favored by issuers in more recent
years. It is also noteworthy that most of these issuances were made with a trigger level
set at exactly 5.125% as seen in figure 2.5. This trend can probably be attributed to the

2Capital Requirements Directive and Bank Recovery and Resolution Directive
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fact that the minimum trigger requirement to qualify for AT1 capital is 5.125% under the
Basel III framework (Avdjiev, Kartasheva, and Bogdanova, 2013).

FIGURE 2.4: Number of CoCo issuances by selected sample banks in EU28 and EFTA by loss
absorption mechanism per year. Note that multiple issuances per type per year are only counted
once and that this does not represent the full extent of CoCo issuances due to various exclusions.
See section 4.2 for details on source, sample, data processing, and exclusions. Source: Bloomberg.

FIGURE 2.5: Number of CoCo issuances by selected sample banks in EU28 and EFTA by trigger
level per year. Note that multiple issuances per year are only counted once per trigger level
and that this does not represent the full extent of CoCo issuances due to various exclusions. See
section 4.2 for details on source, sample, data processing, and exclusions. Source: Bloomberg.
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3 Literature review

The following literature review will summarize key academic findings and discussions
within the major CoCo subfields and attempt to situate this study within the literature.
The summarized literature has been roughly categorized into one of the following five
subfields: The role and characteristics of CoCos (3.1), the design of CoCos (3.2), the risk-
shifting effects of CoCos (3.3), the going concern discussion (3.4), and the impact of Co-
Cos (3.5).

It should be noted that due to the focus of this study particular emphasis is placed on the
the going concern discussion (3.4). Further, the literature review should not be considered
comprehensive as some CoCo related research areas and many contributions have been
left out.

3.1 The role and justification of CoCos

CoCos were originally proposed by Flannery (2005) before the financial crisis in the form
of EC CoCos which convert at the stock’s current market price when triggered by a fall in
the market-based capital ratio. Flannery saw CoCos as a tool to forestall financial distress
and insolvency in banks without distorting shareholders’ ex-ante risk-taking incentives.
Although Flannery’s proposal was published in 2005, few papers regarding CoCos were
published prior to the financial crisis. The financial crisis kickstarted the academic dis-
cussion of CoCos, and the number of publications grew significantly after 2010 (Oster,
2019). It seems likely that the promised stabilizing effects of CoCos may have led to the
rise in popularity of CoCos.

The academic discussion of the role of CoCos and whether their existence and regulatory
standing is justified includes numerous contributions. Early contributions dated 2010
or earlier generally saw CoCos as a tool to bail in (rather than bail out) banks in the
midst of a crisis with the added benefit of being able to cut through the existing institu-
tional complexities related to traditional debt restructuring (Avdjiev et al., 2015; Flannery,
2005; Flannery, 2017; Pennacchi, Vermaelen, and Wolff, 2014). In a paper published by
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IMF staff, Pazarbasioglu et al. (2011) argue that in addition to being an automatic relief
mechanism in times of distress, CoCos are also expected to relieve important and highly
connected banks before a default event. Thus, it could be argued that the general role
of CoCos is to strengthen financial institutions and the financial system as a whole (Berg
and Kaserer, 2015).

Multiple academics have criticized certain aspects of CoCos. For instance, some re-
searchers have argued that issuance of CoCos leads to distortion of risk-taking incen-
tives which may increase default risk thereby potentially destabilizing the financial sys-
tem (Avdjiev et al., 2015; Koziol and Lawrenz, 2012). In addition, Song and Yang (2016)
find that CoCos can induce overinvestment, higher leverage, and increased agency costs.
Some researchers have even argued that common equity is always superior to CoCos
(Martynova and Perotti, 2018).

On the contrary, some contributions favor CoCos by pointing out various advantages.
Avdjiev et al. (2015) empirically shows that issuing CoCos leads to a decrease in a banks’
CDS spread. Further, Luo and Yang (2017) and Tan and Yang (2017) find that issuing
CoCos induces much less agency costs than ordinary debt would have. Using US data,
Hollander (2017) shows that CoCos effectively recapitalize banks and that CoCos are
valuable in a macroprudential policy framework. Some researchers also find that having
CoCos in the capital structure lowers the spread on ordinary debt, increases total market
value and the optimal leverage of the bank (Attaoui and Poncet, 2015).

The cited papers argue both in favor and against the notion that CoCos are efficient and
advantageous from a societal perspective, and therefore a consensus with respect to the
notion is yet to be reached. Thus, it seems that only time will tell which side of the
argument will prevail. In a recent broad review of CoCo literature, Oster (2019) argues
that the arguments will be tested in the next financial crisis, and until then substantial
CoCo research is required.

3.2 The design of CoCos

The academic discussion regarding the design of CoCos centers around the effectiveness
of the various characteristics that a CoCo may have. As described in section 2, the major
characteristics of CoCos include the loss absorption mechanism, the type of trigger, the
trigger level, and the conversion ratio.
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3.2.1 Loss absorption mechanism

With respect to the loss absorption mechanism, i.e. whether EC or PW CoCos are prefer-
able, a number of views have emerged from the literature. In the initial proposal of Co-
Cos, Flannery (2005) envisioned CoCos as being converted to equity at the current share
price when triggered. Among other things he notes that this results in shareholders bear-
ing the full cost of their risk-taking decisions. In the same vein, researchers have pointed
out that PW CoCos can lead to large wealth transfers to shareholders which when close
to the trigger point could incentivize shareholders to manipulate the trigger or engage
in excessive risk-taking (Admati et al., 2010). Hori and Ceron (2016) also critique PW
CoCos on the basis that large wealth transfers distort shareholder incentives, and recom-
mends that regulators turn to converting at market prices and implementing a contingent
equity base. The authors’ recommendations are aimed at eliminating agency costs and
moral hazard problems. Further, empirical analysis has shown that PW CoCos trade at
premium yields to comparable EC CoCos especially when the potential for opportunistic
behavior is at its highest (Hesse, 2018). Thus, he concludes that the PW characteristic is
the cause of the moral hazard problem. In addition, he argues that PW CoCos do not
contribute to the regulators’ intention of stabilizing the financial system.

Although some researchers favor EC CoCos, others also see advantages to PW bonds.
Contrary to Hesse (2018), using a structural model Li, Meng, and Yu (2018) find that
PW CoCos replace bonds and deposits and lead to an decrease in the spread on ordi-
nary debt as well as expected bankruptcy losses. Further, the authors find that CoCos
increase bank value. Based on this, the authors argue that PW CoCos improve the stabil-
ity of the financial system. Further, researchers have pointed out that PW CoCos are not
value dilutive to shareholders which means that there is no risk of a death spiral where
e.g. fixed-income investors induce a fire sale in the stock at conversion (Sundaresan and
Wang, 2015). Despite these counter arguments, researchers generally seem to favor EC
CoCos.

3.2.2 Type of trigger

A major discussion within the CoCo literature revolves around the type of trigger. Broad-
ly speaking two general approaches are discussed: Accounting-based regulatory capital
ratios (e.g. CET1/RWA) and market-based capital ratios.

Initially, Flannery (2005) proposed CoCos with market-based triggers arguing that these
could be evaluated continuously as opposed to accounting-based measures which are
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delayed. Other researchers have pointed out other faults with accounting-based triggers
such as their proneness to arbitrage, backwards-looking nature, and subjugation to polit-
ical pressure (McDonald, 2013). Further, accounting figures are sometimes manipulated
aggressively in times of distress (Flannery, 2017).

Proponents of accounting-based triggers highlight that market-based triggers may lead
to a multiple pricing equilibria (Sundaresan and Wang, 2015). E.g. if investors perceives
that no conversion will occur, then an equilibrium price is determined. A change of per-
ception may itself lead to a trigger of the CoCo, if the share price decreases sufficiently.
The worry is that this situation could invite manipulators and general instability. Re-
searchers have also pointed out that neither accounting-based nor market-based triggers
are completely reliable and resilient to manipulation (Martynova and Perotti, 2018).

In addition to the aforementioned discussion, researchers also argue for or against the
PONV trigger which allows regulators to trigger CoCos and is a requirement under Basel
III. On the back of the financial crisis, a group of researchers recommended including
the discretionary trigger (Squam Lake Working Group, 2009). On the contrary, Flannery
(2017) argues that CoCos should only be triggered by the individual institution’s financial
condition.

With respect to the effectiveness of the type of CoCo trigger, no definitive academic con-
sensus has been reached, although some researchers argue that academics broadly favor
market-based triggers (Derksen, Spreij, and Wijnbergen, 2018). Nevertheless, under Basel
III, CoCos are required to have an accounting-based trigger ratio, namely the CET1/RWA
ratio.

3.2.3 Trigger level

Hart and Zingales (2011) find that Lloyds Banking Group’s first CoCos with triggers set
at 5% CET1/RWA would not have triggered at the heigth of the financial crisis. Given
that the bank had to seek capital from the government and CoCos still did not trigger,
the question of what the optimal trigger level is arises. Some researchers argue that the
trigger level must be set such that the CoCo triggers prior to default or intervention from
governments (Albul, Jaffee, and Tchistyi, 2015). Further, Goncharenko (2017) argues that
increasing the trigger level can decrease the probability of bank failure. Other researchers
find that higher trigger levels will reduce moral hazard problems although it might also
lead to lower total bank values (Koziol and Lawrenz, 2012).



Chapter 3. Literature review 14

Thus, it seems that academic consensus points in the direction that trigger levels should
be increased despite some caveats (Derksen, Spreij, and Wijnbergen, 2018). More specifi-
cally, there also seems to be some agreement around the notion that increasing the trigger
level increases the probability of conversion prior to bankruptcy or government interven-
tion.

3.2.4 Conversion ratio

The conversion ratio of a CoCo determines how many shares a CoCo holder receives in
exchange for the lost principal in the event of conversion (Oster, 2019). The conversion
ratio determines the potential wealth transfer between CoCo holders and shareholders.
Initially, CoCos were proposed to have a wealth transfer of zero at conversion, however
in practice many CoCos are structured in such a way that a conversion would entail a
large wealth transfer to shareholders (Berg and Kaserer, 2015). A low conversion ratio is
shareholder friendly, while a high conversion ratio is CoCo friendly as they are compen-
sated by being awarded shares in the company (Hilscher and Raviv, 2014). The Squam
Lake Working Group (2009) proposed two methods for setting the conversion ratio: (1)
Conversion to a fixed nominal amount of value with a floating number of shares relative
to the share price and (2) conversion to a fixed number of shares. The authors argued that
the latter was favorable due to the avoidance of a death spiral. McDonald (2013) finds
that both methods can result in over- and undercapitalization, but that a conversion ratio
based on fixed number of shares is less exposed to manipulation. Other researchers have
pointed out that suboptimal conversion ratios can lead to debt overhang and risk-shifting
issues (Roggi, Giannozzi, and Mibelli, 2013). Tan and Yang (2016) find that a conversion
ratio above 0.8 diminishes these concerns.

Accordingly, it seems that researchers generally argue that the predominant trend of issu-
ing complete and permanent PW CoCos (and other PW CoCos with very low conversion
ratios) is not recommended due to the resulting agency problems.

3.3 Risk-shifting effects of CoCos

As argued in section 2.1, CoCos are a proposed solution to government bail-outs. A
problem with bail-outs is that if investors anticipate them ex-ante, a moral hazard prob-
lem arises. As noted earlier, Flannery (2005) proposed CoCos with market-based triggers
that convert to equity, but in reality most issued CoCos are PW CoCo with accounting-
based triggers and without dilutive effects on existing shareholders (see figure 2.4). Hori
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and Ceron (2016) argue that CoCos do not eliminate the moral hazard problem, but has
replaced it with an "implicit government bail-out by more explicit bondholders bail-in". Other
researchers have echoed this and even gone so far as to argue that all PW CoCos and
insufficiently dilutive EC CoCos distort asset risk-shifting incentives more than common
equity (Chan and Van Wijnbergen, 2016). Koziol and Lawrenz (2012) note that CoCos
lead to higher risk-taking since shareholders enjoy the full benefits of investment but are
protected against default.

Both Hori and Ceron (2016) and Chan and Van Wijnbergen (2016) argue that PW CoCos
should not qualify as AT1 CoCos and be replaced by market-price based EC CoCos. To
combat the risk-shifting effects of CoCos, Tan and Yang (2017) recommend setting high
trigger levels such that write-down or conversion definitively occurs before bankruptcy.
Another possible avenue to combat the risk-shifting problem is highlighted by Baily et
al. (2013), who point out that some banks have included CoCos in their compensation
packages to senior management to give them exposure to CoCos. Coffee (2010) argues
that an important distinction must be made between senior management and sharehold-
ers, since the former are exposed to legal and reputational risk which presumably should
limit their risk-shifting incentives.

Academic consensus seems to center around the notion that CoCos can produce signifi-
cant incentives for asset risk-shifting subject to CoCo design choices. More specifically, re-
searchers generally agree that non-dilutive PW CoCos aggravate the moral hazard prob-
lem through the potentially large transfer of wealth to shareholders at write-down. For
the purposes of the analysis presented herein, these findings are of high importance, since
they may obscure the results of the empirical analysis.

3.4 The going concern discussion

As noted in previous sections it is the intention of regulators that CoCos should convert
in a timely manner to prevent bank bankruptcies thereby stabilizing the financial system.
Under the Basel III framework, CoCos are designated as going concern capital if they
qualify as AT1 capital (Basel Committee on Banking Supervision, 2010). Going concern
capital is defined by being intended to absorb losses prior to bankruptcy as opposed to
gone concern capital which is only expected to bear losses in bankruptcy or restructur-
ing (Fiordelisi, Pennacchi, and Ricci, 2020). Despite the regulators’ clear intentions with
respect to CoCos, discussion regarding the going concern characteristics of CoCos has
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been ongoing for several years. The discussion revolves around whether CoCos are go-
ing concern capital. I.e. if they will be written down or converted prior to bankruptcy or
restructuring. To some extent, researchers agree that CoCos should be able to satisfy the
role intended by regulators as argued in section 3.1. Therefore, only the primary critiques
of CoCos with respect to whether they are going concern capital will be presented here.

As described earlier the first proposal of CoCos by Flannery (2005) included the stip-
ulations that CoCos should convert to equity, be triggered by market-based measures,
should mechanically trigger in advance of bankruptcy, and have a conversion ratio of
one such that shareholders bear full losses prior to CoCo holders. However, the most
common type of CoCo issuance in recent years have been PW CoCos (see figure 2.4)
which are triggered by accounting-based measures, and do not dilute shareholders. In
summary, it would be fair to argue that the current regulatory framework manifested in
the design of issued CoCos does not align with academic consensus.

Many of the critiques of the current design of CoCos presented in section 3.2 apply to
the going concern discussion as well. Firstly, in section 3.2.1 it was noted that researchers
generally favor EC CoCos due to their dilutive effect on equity. Secondly, it was described
in section 3.2.2 that accounting-based triggers are slower to adjust, prone to arbitrage,
backwards-looking in nature, subject to political pressure, and prone to manipulation.
Thirdly, in section 3.2.3 it was noted that researchers generally view low trigger levels
as insufficient. These arguments are applied to argue that CoCos will not necessarily
convert in a timely manner as intended by regulators (Fiordelisi, Pennacchi, and Ricci,
2020).

Researchers have exemplified these concerns using historical examples. Hart and Zin-
gales (2011) point out that the CoCo issued by Lloyds Banking Group would not have
triggered during the financial crisis despite the bank requiring a capital injection from
the government. Further, it has been pointed out that Citibank had a Tier 1 capital ratio
of 11.8% during its weakest moments in the financial crisis despite being bailed out by
the government (Duffie, 2009). In addition, Fiordelisi, Pennacchi, and Ricci (2020) argue
based on charts presented by Haldane (2011) that market-based capital ratios prior to
the Lehman Brother failure were far better predictors of failure and need for government
bailout than regulatory capital ratios. Further, Fiordelisi, Ricci, and Lopes (2017) argue
that the resolution of Banco Popular was the first test case for AT1 CoCos. Banco Popu-
lar endured a bank run in 2017 and was shortly after deemed "failing or likely to fail" by
the Single Resolution Board (The Economist, 2017). The morning after it was announced
that Santander had bought the bank for €1. Fiordelisi, Pennacchi, and Ricci (2020) note
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that prior to failure the bank had outstanding AT1 CoCos with trigger levels at 5.125%
and 7%, but the last reported Tier 1 ratio was above 7%. The resolution wiped out all
equity, CoCos, and subordinated debt. The authors conclude that "AT1 CoCos performed
as gone concern capital, effectively being no different from the bank’s Tier 2 capital which may
have surprised investors".

Despite the aforementioned critiques, sparse literature centered around proving or dis-
missing the claim of CoCos being going concern capital. Some empirical research has
been published in recent years regarding the effect of CoCos on CDS spreads (see sec-
tion 3.5). Some of these studies argue that a decrease in the CDS spread of senior unse-
cured debt of a bank when issuing CoCos may be caused by a decrease in the probability
of default which may in turn be caused by CoCos converting as going concern capital.
However, it seems that Fiordelisi, Pennacchi, and Ricci (2020) have been the first to di-
rectly address the going concern aspect. In the recently published study, Fiordelisi, Pen-
nacchi, and Ricci (2020) empirically tests whether CoCos are considered going concern
capital by investors. Given the similarities between that study and the analysis presented
herein, the following paragraphs will emphasize the study’s design and findings.

Fiordelisi, Pennacchi, and Ricci (2020) develop a mathematical model which predicts that
issuing CoCos lead to less extreme stock returns if investors expect that CoCos will po-
tentially be written down or converted. Conversely, the model predicts more extreme
stock returns if investors do not expect that CoCos will potentially be written down. Fur-
ther, the model predicts that CoCos should have higher yields if investors expect that
CoCos will be written down or converted. The presented model lays the foundation for
the empirical analysis. Fiordelisi, Pennacchi, and Ricci (2020) argue that if stock returns
are less extreme after issuance then investors believe that CoCos will be written down or
converted, i.e. they are going concern capital.

Fiordelisi, Pennacchi, and Ricci (2020) test their predictions using a dynamic panel data
model where various risk metrics are the dependent variables. The independent vari-
ables are CoCo indicator variables at various lags, control variables, and fixed effects.
The CoCo indicator variables respond in the year prior, in the year of, and in the year
following CoCo issuance. The employed fixed effects are a bank-specific fixed effect and
a Year X Country fixed effect. The dynamic panel data model is estimated using a data set
of yearly observations from listed European banks from 2011 to 2017.

Fiordelisi, Pennacchi, and Ricci (2020) find that CoCo issuance decreases stock return
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volatility and other measures of downside risk. However, the authors make the ob-
servation that this effect is mostly driven by EC CoCos. Thus, the authors conclude
that EC CoCos are believed by investors to be going concern capital and that investors
view conversions of EC CoCos as more likely than a write-downs of PW CoCos prior to
bankruptcy. Upon these findings the authors base their argument that only EC CoCos
should be considered AT1 capital. Further, Fiordelisi, Pennacchi, and Ricci (2020) argue
that the accounting-based CoCo triggers must be reevaluated in favor of market based
triggers as proposed by other researchers.

In addition to the analysis of stock returns, the authors find that recent regulatory actions
led the CoCo-subordinated yield spread to decrease, which they interpret to mean that
investors have lost faith in the belief that CoCos are going concern capital (Fiordelisi,
Pennacchi, and Ricci, 2020).

3.5 Other impacts of CoCos

While the previous sections have presented CoCo literature about the role and design as
well as two specific areas of interest, the following section will broadly outline the most
prominent areas of study with regards to the impact of CoCos.

Multiple papers regarding the impact of issuing CoCos on the issuers CDS spread have
been published in recent years. Analyzing the change in CDS spreads is of interest, since
it may indicate change in the issuers probability of default or recovery rate.

Avdjiev et al. (2015) employs an event study approach to determine that the issuance of
CoCos lead to a significantly negative change in the issuer’s CDS spread. Avdjiev et al.
(2020) corroborate the result and further find that EC CoCos and CoCos with high trigger
levels have a more negative effect on CDS spreads which indicates that these are more ef-
fective than PW CoCos and low trigger level CoCos respectively. Other researchers have
confirmed these results and argue that the negative effects can be explained by signal-
ing effects, tax advantages, and a lowered probability of costly bankruptcy proceedings
(Ammann, Blickle, and Ehmann, 2017). With respect to the signaling effects of CoCos,
researchers have pointed out that issuing CoCos indicates that the issuer is committed
to solid capital adequacy and willing to putting pressure on management to uphold that
commitment (Von Furstenberg, 2014; Herring, 2011).

Whether CoCos increase shareholder wealth has also been debated by researchers. Flan-
nery (2017) argues that tax deductible coupon payments of CoCos give rise to shareholder
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wealth. Further, researchers have found a positive abnormal return to shareholders at the
time of issuance (Von Furstenberg, 2014; Ammann, Blickle, and Ehmann, 2017). Despite
these findings, some contrary evidence has been presented (Persaud, 2014). Interestingly,
Avdjiev et al. (2020) find no significant effect on share prices in the overall sample, but a
positive effect of PW CoCos and a negative effect of EC CoCos. Presumably the positive
effect of PW CoCos can be explained by the low conversion ratio which may manifest as
a wealth transfer to shareholders at conversion.

In addition to CDS and share price effects, researchers have argued that total firm value
can be increased through tax deductible coupon payments, decreased bankruptcy costs,
and increased leverage (Song and Yang, 2016). Multiple contributors to the debate concur
with this assessment (Luo and Yang, 2017; Li, Meng, and Yu, 2018; Yang and Zhao, 2015).
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4 Methodology

Firstly, in section 4.1, mathematical models are presented that describe the effect of bank
capital structures with and without CoCos on stock return volatility. These mathematical
models form the basis of the hypotheses that will also be presented. Secondly, the data
set is presented and described in section 4.2. Thirdly, the statistical models that are em-
ployed to test the hypotheses are presented in section 4.3. Lastly, the chosen statistical
methodology for testing the estimated models are presented in section 4.4.

4.1 Mathematical models

The mathematical model presented in this section is identical to one presented by
Fiordelisi, Pennacchi, and Ricci (2020) which is based on the binomial framework of Cox,
Ross, and Rubinstein (1979). As a starting point, a two-period model with dates 0, 1, and
2, where a bank is financed solely by deposits and shareholders’ equity is presented in
section 4.1.1. Then, to analyze the effects of issuing CoCos, a similar model for a bank
that issues PW or EC CoCos that may be written down/converted after the first period
is discussed in sections 4.1.2 and 4.1.3 respectively. Lastly, on the basis of the presented
mathematical models, hypotheses are presented in section 4.1.4.

4.1.1 The two-period model with deposits

In the two-period model it is assumed that a bank issues deposits (D0) and equity (E0)
such that the value of the bank’s assets are given by: A0 = D0 + E0. The value of the
bank’s assets is risky and fluctuates according to a binomial distribution over each period.
The default-free interest rate per period is r f such that 1 + r f = R f .

Two states are possible in the model: one where many of the bank’s loans default and one
where few of the bank’s loans default. The returns of the bank’s assets in each state are
denoted d and u, and we assume that the asset return satisfies the constraints d < R f < u.
With probability p the bank ends up in state u and with probability (1− p) in state d.
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Assuming complete markets, the value of the bank’s assets at time t is given by the dis-
counted expected value of the bank’s assets: At = Êt[At+1]/R f . By decomposing this
expression, the risk-neutral probabilities (RNP) can be found:

At =
Êt[At+1]

R f

=
p̂× Au,t+1 + (1− p̂)× Ad,t+1

R f

=
p̂× At × u + (1− p̂)× At × d

R f

⇒ p̂ =
R f − d
u− d

and (1− p̂) =
u− R f

u− d

(4.1)

The distribution of asset values across both time periods can be expressed as follows:

A2 =


u2A0 with RNP p̂2

udA0 with RNP 2p̂(1− p̂)
d2A0 with RNP (1− p̂)2

(4.2)

To make the mathematical model relevant for the application at hand, Fiordelisi, Pennac-
chi, and Ricci (2020) make the assumption that the bank’s equity absorbs all losses when
no more than one of the periods result in low asset returns (i.e. the bank does not default
in the u2 and ud states). This assumption results in the deposits being risky due to the
possibility of the bank defaulting when two periods of low asset returns occur (i.e. the
bank defaults in the d2 state). Due to deposits being risky, the promised deposit rate (rD)
exceeds the default-free interest rate (r f ) such that the promised return to depositors is:
(1 + rD) = RD > R f . Thus, the promised payment to depositors is D0R2

D.

It is assumed that the promised deposit rate is set fairly such that initial expected value of
the deposit is equal to the contributed amount: D0 = Ê0[D2]/R2

f . Using the the outcomes
for A2 in equation 4.2, the payoff to depositors must equal min[D0R2, A2]. Discounting
these RNP weighted outcomes at the risk-free rate gives the following expression:

D0 =
p̂2 ×min[D0R2

D, u2A0] + 2p̂(1− p̂)min[D0R2
D, udA0] + (1− p̂)2min[D0R2

D, d2A0]

R2
f

(4.3)

As stated above, it is assumed that depositors only bear losses in the state where the
bank’s loans have low asset returns in both periods (d2). In this case, equity is wiped out,
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and depositors are left with d2A0. In the states where the bank’s assets have high returns
in both periods or one period (u2 or ud), the depositors get their promised payment D0R2

D.
The implication of this assumption is expressed as follows:

d2A0 < D0R2
f
(1)

udA0 > D0R2
D

u2A0 > D0RD

(4.4)

The inequalities in 4.4 are applied to equation 4.3 which gives:

D0 =
D0R2

D( p̂2 + 2p̂(1− p̂)) + (1− p̂)2d2A0

R2
f

(4.5)

Solving equation 4.5 for R2
D and introducing the deposits to equity ratio of l0 = D0/E0

which implies that A0/D0 = 1 + 1/l0:

R2
D =

D0R2
f − (1− p̂)2d2A0

D0( p̂2 + 2p̂(1− p̂))

=
R2

f − (1− p̂)2d2(1 + 1
l0
)

p̂2 + 2p̂(1− p̂)

(4.6)

From equation 4.6, we see that the fair deposit rate, rD =
√

R2
D − 1, is increasing in the

initial deposits to equity ratio (i.e. leverage) of the bank, l0, as well as the risk-free return.

The mathematical constraints on leverage which fulfills the assumption that the bank
only defaults in the state where asset returns are low in both periods, are now derived.
The first inequality in equation 4.4 is divided by the term D0 × d2:

d2A0

D0 × d2 <
D0R2

f

D0 × d2

D0 + E0

D0
<

R2
f

d2

(4.7)

1By definition the payoff to depositors must be lower than the risk-free return given assumptions.
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The second inequality in equation 4.4 can be re-written by inserting equation 4.6 and
dividing both sides by D0 + E0. Then the equation is solved for D0

D0+E0
:

ud >

D0
D0+E0

R2
f − (1− p̂)2d2

p̂2 + 2p̂(1− p̂)
ud× ( p̂2 + 2p̂(1− p̂)) + (1− p̂)2d2

R2
f

>
D0

D0 + E0

(4.8)

Applying an inverse operation, simplifying, and combining with the previously derived
inequality 4.7, the model’s parametric restrictions on leverage (here expressed by the
asset-to-deposit ratio) are apparent:

R2
f

d× (u[ p̂2 + 2p̂(1− p̂)] + d(1− p̂)2 <
A0

D0
<

R2
f

d2 (4.9)

Turning to equity, the initial value of shareholders’ equity must be equal to the RNP
weighted expected payoffs in period two discounted at the risk-free rate: E0 = Ê0[E2]/R2

f .
Under the leverage constraint in equation 4.8, these payoffs must be equal to the expected
asset value minus the promised payment to depositors except in the state with low asset
returns in both periods. In the latter state, the bank defaults:

E2 =


u2A0 − D0R2

D with RNP p̂2

udA0 − D0R2
D with RNP 2p̂(1− p̂)
0 with RNP (1− p̂)2

(4.10)

Dividing equation 4.11 by E0 gives the return distribution of equity:

E2

E0
=


u2(1 + l0)− l0R2

D with RNP p̂2

ud(1 + l0)− l0R2
D with RNP 2p̂(1− p̂)
0 with RNP (1− p̂)2

(4.11)

To derive the return distribution of equity at date one, the possible equity values condi-
tional on either a high or low asset return in the first period is found. The conditional
equity values at date one, Eu and Ed can be expressed as the RNP weighted conditional
expected asset values minus payments to depositors discounted back to date one at the
risk-free rate:

Eu =
Ê1[E2|u0,1]

R f
=

p̂u2A0 + (1− p̂)udA0 − D0R2
D

R f
(4.12)
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Ed =
Ê1[E2|d0,1]

R f
=

p̂(udA0 − D0R2
D)

R f
(4.13)

Dividing equation 4.12 and 4.13 by E0 and combining in one expression gives the bino-
mial return distribution of equity at date one:

E1

E0
=


p̂u2(1+l0)+(1− p̂)ud(1+l0)−l0R2

D
R f

with RNP p̂
p̂(ud(1+l0)−l0R2

D)
R f

with RNP (1− p̂)
(4.14)

In summary, the mathematical model can by characterized by the binomial distribution
of asset values in equation 4.2 and of equity returns at date one and two in equations 4.14
and 4.11, the fair promised deposit return in equation 4.6, and the leverage constraint
implied by initial assumptions regarding occurrence of default given by equation 4.9.

The most salient observation from the two-period model is that the range of the distribu-
tion of payoffs to equity, E2

E0
, is a strictly increasing function of leverage. This is evident

from the fact that the term u2(1 + l0) − l0R2
D increases when leverage, l0, is increased

while the lower bound is constant at zero. I.e. when it becomes apparent that the bank
will experience two periods of high asset returns, then the return to equity will be greater
when leverage is higher. This behavior is congruent with the conventional notion in fi-
nance that increased leverage leads to more extreme stock returns.

4.1.2 The two-period model with principal write-down CoCos

A similar model also developed by Fiordelisi, Pennacchi, and Ricci (2020) is now pre-
sented for a bank that issues the same amount of deposits, D0 and equity, E0, but also
issues additional CoCos with a principal of C0 and a fair promised return of RC. The
promised payment to the CoCos is then C0R2

C at date 2. Thus, the balance sheet of the
bank is A∗0 = E0 + D0 + C0.

It is assumed that the initial assets are exactly sufficient to prevent default on deposits if
two periods of low asset returns occur. This makes the deposits risk-free and means that
the promised return equals the risk-free rate. I.e. d2A∗0 = R2

f D0 which means that the
value of the CoCos are given by:

C0 =
R2

f D0

d2 − D0 − E0 (4.15)

As initial assets are exactly sufficient to prevent default if two periods of low asset returns
occur, equity and CoCos have a payoff of zero in this state.
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Initially write-down CoCos are considered in the model, however, as will be demon-
strated in section 4.1.3, the effects of equity conversion CoCos are identical under certain
assumptions.

As stated in section 2.1, the intention of regulators is that CoCos should be written down,
however section 3.4 shed light on an ongoing debate on whether CoCos will be written
down/converted when a bank becomes distressed. Therefore, the model incorporates a
degree of uncertainty with respect to the going concern write-down of CoCos. This is
captured by introducing a RNP that the PW CoCo is written down at date one if the bank
experiences a low return on assets over the first period. This probability is denoted π.
Correspondingly, the RNP that the write-down does not occur is given by 1− π.

If a write-down does not occur at date one after an initial period with low asset return,
then the principal and promised payment to CoCos remains. In the alternate case, the
principal will be written down by a conversion ratio, w, where 0 < w < 1. Thus, the new
principal becomes wC0 with promised payment of wC0R2

C.

Conditional on low asset return in period one and the write-down occuring (PW) at date
one, the value of the CoCos at date one must be:

CPW
d =

p̂×min[wC0R2
C, duA∗0 − D0R2

f ]

R f
(4.16)

The above result arises because it was assumed that the payment to CoCos is zero if the
assets yield a low return in two periods. However, if the CoCos are not written down
(NPW), then the value at date one is:

CNPW
d =

p̂×min[C0R2
C, duA∗0 − D0R2

f ]

R f
(4.17)

If instead the bank’s assets have a high return in period one, then the value of the CoCos
at date one must be:

Cu =
p̂×min[C0R2

C, u2A∗0 − D0R2
f ] + (1− p̂)min[C0R2

C, duA∗0 − D0R2
f ]

R f
(4.18)

The value of CoCos at date zero is given by the RNP weighted payoffs at date one dis-
counted at the risk-free rate:

C0 =
p̂Cu + (1− p̂)(πCPW

d + (1− π)CNPW
d )

R f
(4.19)
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By substituting equations 4.16, 4.17, and 4.18 into equation 4.19, the CoCo value at date
zero can be expressed as:

C0 =
1

R2
f
( p̂2min[C0R2

C, u2A∗0 − D0R2
f ] + p̂(1− p̂)min[C0R2

C, duA∗0 − D0R2
f ]

+ p̂(1− p̂)(πmin[wC0R2
C, duA∗0 − D0R2

f ] + (1− π)min[C0R2
C, duA∗0 − D0R2

f ])) (4.20)

It is further assumed that CoCos which are not written down, will not default if the sec-
ond period asset return is high, i.e. C0R2

C < udA∗0 −D0R2
D. Thus, equation 4.20 simplifies

to:
C0 =

1
R2

f
(C0R2

C[ p̂
2 + p̂(1− p̂)(1 + (1− π) + πw)]) (4.21)

Solving for R2
C gives the model’s fair promised return to CoCos:

R2
C =

R2
f

p̂2 + p̂(1− p̂)(1 + (1− π) + πw)
(4.22)

Substituting equation 4.21 into the aforementioned restriction, C0R2
C < udA∗0 − D0R2

D,
gives the model’s parametric restriction. This restriction ensures that there are no defaults
on the CoCos when only one of the periods have a low return on assets.

Since it is assumed that the bank does not default on the CoCos that are not written down
if the second period asset return is high, the payoffs to equity can be expressed as follows
where the payoff to equity is zero only in the double low return instance:

E2 =


u2A∗0 − C0R2

C − D0R2
f with RNP p̂2

udA∗0 − C0R2
C − D0R2

f with RNP (2− π) p̂(1− p̂)

udA∗0 − wC0R2
C − D0R2

f with RNP π p̂(1− p̂)

0 with RNP (1− p̂)2

(4.23)

Dividing equation 4.23 by E0 gives the binomial return distribution of equity:

E2

E0
=


u2(1 + l0 + c0)− (c0R2

C + l0R2
f ) with RNP p̂2

ud(1 + l0 + c0)− (c0R2
C + l0R2

f ) with RNP (2− π) p̂(1− p̂)

ud(1 + l0 + c0)− (wc0R2
C + l0R2

f ) with RNP π p̂(1− p̂)

0 with RNP (1− p̂)2

(4.24)

To derive the return distribution of equity at date one, the possible equity values are
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found conditional on asset return in the first period and whether a write-down occurs at
date one if the return is low in the first period. The conditional equity values at date one,
Eu, EPW

d , and ENPW
d , can be expressed as the RNP weighted conditional expected asset

values minus payments to depositors discounted back to date one at the risk-free rate:

Eu =
Ê1[E2|u0,1]

R f
=

(A∗0u( p̂u + (1− p̂)d))− (C0R2
C + D0R2

f )

R f
(4.25)

ENPW
d =

Ê1[E2|d0,1, NPW]

R f
= p̂

udA∗0 − (C0R2
C + D0R2

f )

R f
(4.26)

EPW
u =

Ê1[E2|d0,1, PW]

R f
= p̂

udA∗0 − w(wC0R2
C + D0R2

f )

R f
(4.27)

Dividing equation 4.25, 4.26 and 4.27 by E0 and combining in one expression gives the
binomial return distribution of equity at date one:

E1

E0
=


u(1+l0+c0)( p̂u+(1− p̂)d)−(c0R2

C+l0R2
f )

R f
with RNP p̂

p̂
ud(1+l0+c0)−(c0R2

C+l0R2
f )

R f
with RNP (1− π)(1− p̂)

p̂
ud(1+l0+c0)−(wc0R2

C+l0R2
f )

R f
with RNP π(1− p̂)

(4.28)

In summary, the mathematical model can by characterized by the distribution of equity
returns at date one and two in equations 4.24 and 4.28, the fair promised CoCo return
in equation 4.22, and the leverage constraint implied by initial assumptions regarding
occurrence of default on CoCos as stated above.

4.1.3 The two-period model with equity conversion CoCos

Fiordelisi, Pennacchi, and Ricci (2020) show that EC CoCos have the same distribution
of stock returns as in the model presented in the previous section under the following
condition:

ρ =
wdC0/D0

(u− d)[ p̂2 + p̂(1− p̂)(2− π(1− w))]
(4.29)

Here ρ is the proportion of total shares following the equity conversion that CoCo hold-
ers will own. When this condition holds the CoCo owners suffer the same losses as they
would have had the CoCos been the PW type. Further, the fair promised return is iden-
tical.

In theory ρ could be so high that it leads to a gain for CoCo holders at conversion con-
sistent with a w > 1 for PW CoCos. Fiordelisi, Pennacchi, and Ricci (2020) point out
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that in practice EC CoCo holders are highly likely to suffer losses relative to the principal
consistent with w < 1 for PW CoCos (Berg and Kaserer, 2015).

The observation that EC and PW CoCos have the same stock return distributions sub-
ject to condition 4.29 is the underpinning argument that the findings of the PW CoCo
mathematical model’s conclusions can be generalized to EC CoCos.

4.1.4 Primary hypotheses

A bank with deposits and equity that intends to issue risky CoCos is considered. Firstly,
the special case where π(1−w) = 0 is considered. This special case is representative of a
situation where the market does not believe CoCos will be written down prior to default.
Given this assumption the CoCos are subordinated debt with the following promised
return (derived from equation 4.22):

R2
C∗ ≡ R2

C|π(1−w)=0 =
R2

f

p̂2 + 2p̂(1− p̂)
(4.30)

It should be clear that from the perspective of equity that this situation is equivalent to
the bank replacing its deposits with new risky deposits with a face value of D0 + C0. It is
then possible to amend equation 4.6 to express the fair return promised to the deposits:

R2
DC =

R2
f − (1− p̂)2d2(1 + 1

l0
+ 1

c0
)

p̂2 + 2p̂(1− p̂)
(4.31)

Note that the payoffs to equity can be expressed as in equation 4.24 which when com-
bined with 4.31 and considering π = 0 can be re-written as:

E2

E0
=


u2 + (u2 − RDC)(c0 + l0) with RNP p̂2

ud + (ud− RDC)(c0 + l0) with RNP 2p̂(1− p̂)
0 with RNP (1− p̂)2

(4.32)

From the above equation it is seen that the return to equity is a function of R2
A + (R2

A −
RDC)(c0 + l0) where R2

A can be either u2 or ud. Taking the partial derivative of the return
to equity gives:

∂(R2
A + (R2

A − RDC)(c0 + l0))
∂c0

= (R2
A − R2

DC)−
∂R2

DC
∂c0

(c0 + l0)

= (R2
A − R2

DC)−
(1− p̂)2d2

( p̂2 + 2p̂(1− p̂))(c0 + l0)

(4.33)



Chapter 4. Methodology 29

From equation 4.33 it is clear that the return to equity becomes more extreme as c0 is
increased. I.e. when R2

A is high (u2), then the return to equity is greater when c0 is
increased. On the other hand, when R2

A is medium (ud), the return to equity is lower.
Note that when the asset return is low in both periods the payoff to equity is zero. Thus,
it is concluded that when π(1− w) = 0, the issuance of CoCos will lead to an increase
stock return volatility.

Now the case above is compared to the case where π(1− w) > 0. The return to equity
holders in the two cases are presented in table 4.1. In this table it should be noted that
R2

C > R2
C∗ which implies that the return to equity is unconditionally lower in the u2 state

when π(1−w) > 0. However, due to write-down wR2
C < R2

C∗. Since the return to equity
is unconditionally lower in the u2 when π(1−w) > 0, there must be a rise in the average
equity return in the low return states (ud or du) in order to sustain the equilibrium. Thus,
it must be concluded that when π(1− w) > 0 stock return volatility must be lower than
for a comparable bank also issuing CoCos where π(1− w) = 0.

TABLE 4.1: This table shows the different equity payoffs with CoCos where π(1− w) = 0 and
π(1− w) > 0. In the d2 state the payoffs are zero.

State π(1 − w) = 0 π(1 − w) > 0 RNP

u2 u2(1 + l0 + c0)− (c0R2
C∗ + l0R2

F) u2(1 + l0 + c0)− (c0R2
C + l0R2

F) p̂2

ud or du no PW ud(1 + l0 + c0)− (c0R2
C∗ + l0R2

F) ud(1 + l0 + c0)− (c0R2
C + l0R2

F) (2− π) p̂(1− p̂)
ud PW ud(1 + l0 + c0)− (c0R2

C∗ + l0R2
F) ud(1 + l0 + c0)− (c0wR2

C + l0R2
F) π p̂(1− p̂)

In addition to the aforementioned conclusion, a comparison to a bank that does not issue
CoCos at all must be made. The extreme case where π(1− w) = 1 is considered, i.e. Co-
Cos are always completely written down if low asset return occurs in the first period. In
this case, equation 4.28 which represents the one period equity return for a bank issuing
CoCos, simplifies to:

E1

E0
=


u(1+l0+c0)( p̂u+(1− p̂)d)−(c0R2

C+l0R2
f )

R f
with RNP p̂

p̂
ud(1+l0+c0)−(l0R2

f )

R f
with RNP (1− π)

(4.34)

Comparing equation 4.34 for a bank issuing CoCos where π(1− w) = 1 with equation
4.14 for a bank that has not issued CoCos, it can be observed that the equity return for the
low asset return state is unconditionally higher for the CoCo issuing bank than the bank
with only deposits. This is seen by the fact that ud(1 + l0 + c0)− (l0R2

f ) > ud(1 + l0)−
(l0R2

D) since by definition RD > R f . The difference in the promised return to deposits
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stems from the fact that the bank funded partly by CoCos have risk-free deposits which
require a lower promised return.

Since the equity return of the low asset return state in equation 4.34 is higher than for a
bank not issuing CoCos, the equity return of the high asset return state must be lower
to maintain the equilibrium. Hence, it can be concluded that the one-period stock return
volatility of a bank issuing CoCos is lower compared to a bank that does not issue CoCos.
This result also holds over two periods (Fiordelisi, Pennacchi, and Ricci, 2020).

The implication of the mathematical model presented above hinges on the value of π(1−
w). This term determines whether the leverage effect or the insurance effect of CoCos
dominates. The leverage effect is caused by the fact that stock returns are more extreme
when leverage is higher since payment to debtholders must be greater to compensate
for increased risk. The insurance effect stems from the fact that CoCos in some cases are
written down before the bank defaults. As a result CoCo investors require compensation
in the high asset return state, which equity investors accept since they stand to gain in
the low asset return state if CoCos are written down. The insurance effect dominates
when π(1− w) is sufficiently high, however, the inflection point depends on the exact
characteristics of the bank asset structure and market conditions.

It is important to note that the presented mathematical conclusions depend on the mar-
ket’s perception of the term π(1− w), i.e. the likelihood and magnitude of write-down
given a low return in the first period. The market’s perception of the likelihood of write-
down may be erroneous, but the effects hereof could still be observable in the market by
changes in stock return volatility.

On the basis of these conclusions, the following hypotheses are presented:

Hypothesis 1

A bank’s stock return volatility decreases as a result of an issuance of CoCos if
the perceived probability and magnitude of write-down (π(1− w)) is sufficiently
high.

Thus, if it is observed that the issuance of CoCos causes the stock return volatility to
decrease, market participants consider the probability and magnitude of write-down to
be significant (π(1− w) is sufficiently high).
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Hypothesis 2

A bank’s stock return volatility increases as a result of an issuance of CoCos if the
perceived probability and magnitude of write-down (π(1−w)) is sufficiently low.

Thus, if it is observed that the issuance of CoCos causes the stock return volatility to
increase, market participants consider the probability and magnitude of write-down to
be insignificant (π(1− w) is sufficiently low).

These hypotheses are stated in terms of PW CoCos, but as discussed in section 4.1.3 the
basis of these hypotheses carries over to EC CoCos under certain assumptions.

Confirmation of hypothesis 1 by statistically significant evidence of a decrease in stock
return volatility, would indicate that the market perceives CoCos as going concern cap-
ital. Confirmation of hypothesis 2 by statistically significant evidence of an increase in
stock return volatility, would indicate that the market does not perceive CoCos as go-
ing concern capital. Failure to confirm either hypothesis, can indicate that the statistical
model is misspecified or that the write-down and leverage effect counteracts each other
and leading to a net zero effect.

4.1.5 Secondary hypotheses

In addition to hypothesis 1 and 2, a third hypothesis is presented with the purpose of ex-
ploring whether PW or EC CoCos are more effective. This hypothesis does not originate
from the mathematical model presented above, but rather from the discussed literature
regarding the efficiency of the loss absorption mechanism in section 3.2.1. Further, the
hypothesis builds upon the empirical findings of Fiordelisi, Pennacchi, and Ricci (2020)
who find that EC are more effective at reducing stock return volatility. In other words
the premise of this hypothesis is that the relationship between CoCos and stock return
volatility behaves as described in hypothesis 1. In summary, the primary logic of why
EC conversion CoCos may be more effective at reducing stock return volatility is that
might be perceived as being more likely to trigger or be triggered. On the basis of this
reasoning, hypothesis 3 is presented:

Hypothesis 3

A bank’s stock return volatility decreases more when an EC CoCo is issued relative
to a PW CoCo.
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Thus, if it is observed that the issuance of EC CoCos causes the stock return volatility to
decrease more relative to the issuance of a PW CoCos, market participants consider the
probability of write-down/conversion to be relatively greater for EC CoCos.

Further, a fourth hypothesis is presented with the purpose of exploring the effects of
the trigger level of the CoCo. This hypothesis does not originate from the mathematical
model presented above, but rather from the discussed literature critiquing the trigger
levels of issued CoCos in section 3.2.3. The third hypothesis employs hypothesis 1 as
its premise, and proposes that high trigger level CoCos should lead to a relatively larger
decrease in stock return volatility compared to low trigger level CoCos.

This hypothesis is rooted in the argument that it seems likely that market participants
will consider the probability of write-down/conversion to be higher if the trigger level
is high ceteris paribus. This argument rests on two assumptions. Firstly, a bank is more
likely to activate a high mechanical trigger level and force a write-down/conversion in
the course of adverse events. Secondly, regulators are probably more likely to act on their
discretionary ability to force a write-down/conversion before the mechanical trigger is
met if investors knew that the mechanical trigger was set at a higher level ex-ante. On
the basis of this reasoning, hypothesis 4 is presented:

Hypothesis 4

A bank’s stock return volatility decreases more when a CoCo is issued with a high
trigger level relative to a CoCo with a low trigger level.

Thus, if it is observed that the issuance of high trigger level CoCos causes the stock return
volatility to decrease more relative to the issuance of low trigger level CoCos, market
participants consider the probability of write-down/conversion to be relatively greater.

4.2 Data

To test the proposed hypotheses, an appropriate sample and variables need to be selected.
Then the data representing this sample and related variables need to be sourced and
processed. The following section describes the considerations and methods applied to
arrive at the desired and appropriate data set.
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4.2.1 Sample selection

Initially the sample was defined as all bank-year observations of listed banks in the Eu-
ropean Union (EU28) and EFTA (Iceland, Switzerland, Norway, and Liechtenstein) avail-
able from the Bureau van Dijk Bank Focus data set accessed through the Wharton Research
Data Services. Thus, these available bank-year observations form the gross sample. The
gross sample included 2,129 bank-year observations sampled across 274 banks, however
a large number of observations were excluded on the basis of (1) not having consolidated
financial information available, (2) insufficient data availability for the given year, (3)
not having a sufficient number of bank-year observations for the specific bank, or (4) be-
ing extreme outliers. The specifics of these exclusions are presented in section 4.2.3. After
these exclusion the net sample contained 951 bank-year observations which are tabulated
by country and year in table 4.2.

From table 4.2 it is evident that the sample is relatively evenly distributed across years
with an average of 119 observation per year. However, the distribution of the sample
across countries varies more with the minimum number of observations being 5 and the
maximum 150 relative to an average per country of 37. Particularly the low number of
observations in some countries poses a problem with respect to the fixed effects model
that will be discussed further in section 4.3.2.

4.2.2 Variable selection

Choices regarding variable selection must be made in order to empirically test the hy-
pothesis. Since the mathematical model predicts that the issuance of CoCos should lead
to more or less extreme stock returns under certain assumptions, annualized volatil-
ity is chosen as the primary dependent variable. The hypothesis states that the cause
of this effect is the issuance of CoCos which leads to selecting a number of indicator
variables intended to capture the effects of these issuances. Since the characteristics
of the issued CoCo might influence the market’s perception of the likelihood of write-
down/conversion a set of indicators is selected: One for all CoCos, two for both types
of loss absorption mechanisms (PW/EC), and two for both trigger levels (high/low TL).
Note that for the purposes of the analysis, a high trigger level was defined as the
CET1/RWA trigger exceeding 5.125%. Thus, in total five sets of CoCo indicator vari-
ables are selected. In order to address asset risk-shifting concerns, a variety of other risk
measures are selected. More specifically, the RWA ratio is intended to be a broad balance
sheet risk proxy while more specific risk measures are also included. Lastly, to account for
bank-specific characteristics such as profitability and capital structure which may affect
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TABLE 4.2: This table shows the distribution of the net sample in bank-year observations by
country and year. Source: Bloomberg and BvD Bank Focus.

Country Year 2012 2013 2014 2015 2016 2017 2018 2019 Total

AT 5 5 6 6 6 5 6 6 45
BE 2 1 2 2 2 2 2 2 15
CH 9 11 14 14 17 16 17 16 114
CY 1 1 1 1 1 1 1 1 8
CZ 1 1 1 1 1 1 1 1 8
DE 4 4 5 6 6 5 6 6 42
DK 8 8 9 10 10 10 10 10 75
ES 6 6 6 6 7 6 7 7 51
FI 2 2 2 2 2 2 2 2 16
FR 3 3 3 4 4 3 4 4 28
GB 6 8 8 8 9 9 9 9 66
GR 3 3 3 3 3 2 2 2 21
HR 1 1 1 1 1 1 1 1 8
HU 1 1 1 1 1 1 1 1 8
IE 2 2 1 1 1 2 2 2 13
IT 16 18 19 20 20 20 19 18 150
LI 1 1 1 1 1 1 1 1 8
LT 0 0 0 1 1 1 1 1 5
MT 1 2 2 2 1 1 2 2 13
NL 1 1 1 3 3 2 3 3 17
NO 14 15 15 15 15 16 16 16 122
PL 4 7 7 7 7 7 7 7 53
PT 1 1 1 1 1 0 1 1 7
RO 0 0 1 1 1 1 1 1 6
SE 3 3 3 3 3 3 3 3 24
SK 4 4 3 4 4 3 3 3 28

Total 99 109 116 124 128 121 128 126 951

the extremity in stock returns, a number of control variables are selected. Descriptions
and sources of the selected variables can be seen in table 4.3.

4.2.3 Data processing

Treatment variables

The treatment variables are comprised of five sets of three indicators (15 in total) which
are equal to one based on the mechanism (PW/EC), trigger level (high/low), and is-
suance date of the CoCo. In each set of treatment variables a Pre_CoCo, CoCo, and
Post_CoCo corresponding to the issuance date of the CoCo. The Pre_CoCo variable is one
in the year prior to the CoCo issuance. The CoCo variable is one in the year of the CoCo
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TABLE 4.3: This table presents the selected variables, the descriptions hereof, and the source
from which the data or underlying data of calculations was obtained. The first section shows the
dependent variable, the second the independent variables, and the third the asset risk-shifting
metrics, and the last the control variables. (*) indicates that a manual calculation was made in
data processing.

Variable Description Source

Volatility Annualized volatility based on daily return* Bloomberg

Pre-CoCo Indicator equal to 1 the year before a CoCo issuance* Bloomberg
Pre-CoCo EC Indicator equal to 1 the year before an EC CoCo issuance* Bloomberg
Pre-CoCo PW Indicator equal to 1 the year before a PW CoCo issuance* Bloomberg
Pre-CoCo high Indicator equal to 1 the year before a high TL CoCo issuance* Bloomberg
Pre-CoCo low Indicator equal to 1 the year before a low TL CoCo issuance* Bloomberg
CoCo Indicator equal to 1 the year of a CoCo issuance* Bloomberg
CoCo EC Indicator equal to 1 the year of an EC CoCo issuance* Bloomberg
CoCo PW Indicator equal to 1 the year of a PW CoCo issuance* Bloomberg
CoCo high Indicator equal to 1 the year of a high TL CoCo issuance* Bloomberg
CoCo low Indicator equal to 1 the year of a low TL CoCo issuance* Bloomberg
Post-CoCo Indicator equal to 1 the year after a CoCo issuance* Bloomberg
Post-CoCo EC Indicator equal to 1 the year after an EC CoCo issuance* Bloomberg
Post-CoCo PW Indicator equal to 1 the year after a PW CoCo issuance* Bloomberg
Post-CoCo high Indicator equal to 1 the year after a high TL CoCo issuance* Bloomberg
Post-CoCo low Indicator equal to 1 the year after a low TL CoCo issuance* Bloomberg

RWA ratio Ratio of RWA to total assets* Bank Focus
NPL ratio Ratio of non-performing loans to gross loans Bank Focus
Loans ratio Ratio of net loans to total assets Bank Focus
Securities ratio Ratio of securities (assets + liab.) to total assets* Bank Focus
Derivatives ratio Ratio of derivatives (assets + liab.) to total assets* Bank Focus
OBS ratio Ratio of off-balance sheet items to total assets* Bank Focus

Size Natural log of total assets (USD)* Bank Focus
ROA Return on assets Bank Focus
Cost-income ratio Cost to income ratio Bank Focus
Total capital ratio Ratio of total regulatory capital to RWA Bank Focus
Capital quality Ratio of tier 1 capital to total regulatory capital* Bank Focus

issuance. The Post_CoCo variable is one in all years after the issuance year provided that
the CoCo is still outstanding. The reson for the Post_CoCo to equal one in multiple years
after issuance is to capture the lasting effects of a CoCo issuance.

For example if a bank "A" issues a CoCo in 2014, then the general Pre_CoCo variable
would equal one for 2013, the CoCo variable would equal one for 2014, and the Post_CoCo
variable would equal one from 2015 until the CoCo is no longer outstanding. This general
set of indicators is agnostic to loss absorption mechanism and trigger level. However, if
the CoCo had equity conversion as its loss absorption mechanism and had a high trigger
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level, then the EC and high trigger level sets of indicors would respond in an identical
manner to the general set. The PW and low trigger level set would not respond. If a CoCo
is not issued in a given year, is not issued in the following year, and is not outstanding
from previous years, then all sets of indicators would equal zero. See table 4.4 for an
illustration of the implementation of these indicators. It should be noted that if multiple
types of CoCos are issued in a given year, then the respective indicators will respond
simultaneously. The reason for including the general set that responds to all CoCos is
to be able to test the hypotheses generally across CoCos regardless of loss absorption
mechanism and trigger level.

TABLE 4.4: This table illustrates the function of the treatment variables for a PW CoCo in the
year 2014 under the assumption that no other CoCos were issued between 2011 and 2017. Only
the general and PW CoCo sets of indicators are shown here. Please note that a set of three EC
indicator variables as well as the two sets of high/low indicators have been omitted. In this case
the EC indicators would all be zero unless the bank had also issued an EC CoCo, while only one
of high/low sets of indicators would respond depending on the trigger level.

Bank Year Pre-CoCo Pre-CoCo PW CoCo CoCo PW Post-CoCo Post-CoCo PW

A 2012 0 0 0 0 0 0
A 2013 1 1 0 0 0 0
A 2014 0 0 1 1 0 0
A 2015 0 0 0 0 1 1
A 2016 0 0 0 0 1 1

In table 4.5 the distribution of CoCo issuances is presented. It should be noted that
the data presented in the table only covers the net sample which excludes any CoCo
issuances by banks not included in the gross sample and any excluded bank-year obser-
vations2. Thus, this data cannot be used to describe the broader CoCo issuance market in
Europe. However, for the specifc banks in the selected sample some trends are apparent.
Firstly, the number of CoCo issuances has been growing at a high pace since 2012. In
some countries such as Malta, Lithuania and Latvia very few or no selected banks issue
CoCos. This trend might be a result of the sample including few listed banks. The larger
markets for CoCo issuances in the sample include Norway, France, Spain, Cyprus, and
Austria. The highest number of issuances occured in Norway which could be a result of
a fragmented retail banking market where many banks are publicly listed.

2Exclusions will be discussed later in this section
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TABLE 4.5: This table shows the distribution of CoCo issuances. Source: Bloomberg.

Country Year 2012 2013 2014 2015 2016 2017 2018 2019 Total

Austria 0 0 1 2 1 2 2 3 11
Belgium 0 0 1 0 0 0 1 1 3
Chechia 0 0 0 0 0 0 0 0 0
Croatia 0 0 0 0 0 0 0 0 0
Cyprus 0 1 0 0 0 0 0 0 1
Denmark 0 0 0 1 2 1 1 1 6
Faroe Islands 0 0 0 0 0 0 0 0 0
Finland 0 0 0 0 0 0 0 0 0
France 0 2 2 2 3 0 2 3 14
Germany 0 0 1 0 0 0 1 1 3
Great Britain 0 0 1 2 2 1 1 2 9
Greece 0 0 0 0 0 0 0 0 9
Hungary 0 0 0 0 0 0 0 0 0
Ireland 0 0 0 0 0 0 0 0 0
Italy 0 0 1 1 2 2 0 1 7
Latvia 0 0 0 0 0 0 0 0 0
Lithuania 0 0 0 0 0 0 0 0 0
Malta 0 0 0 0 0 0 0 0 0
Netherlands 0 0 0 2 1 1 0 1 5
Norway 1 0 2 2 3 6 7 10 31
Poland 0 0 0 0 0 0 0 0 0
Portugal 1 0 0 0 0 0 0 0 1
Romania 0 0 0 0 0 0 0 0 0
Slovakia 0 0 0 0 0 0 1 0 1
Spain 0 1 1 1 2 3 3 1 12
Sweden 0 0 0 1 1 0 0 1 3
Switzerland 1 0 1 3 2 2 1 3 13

Total 3 4 11 17 19 18 20 28 120

Risk metric

As for the risk metric, the annualized volatility of a bank’s stock in a given year was
calculated as follows:

σAnnualized =

√
∑n

i=1(ri − µ)2

n− 1
×
√

n (4.35)

Here ri is the daily return, µ is the average daily return for the year, and n is the number
of trading days in the given year. n is bank- and year-specific and thus takes exchange
trading days, mid-year listings and delistings into account. Annualized volatility may
be inaccurate if the number of trading days is low, however as will be explained later,
this consideration has led to introducing a maximum on the level of volatility for a given
bank-year observation.
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Seconday risk metrics and controls

The financial data that is used as controls in the primary regressions is either directly
taken from BvD Bank Focus or calculated based on other data from the same source. The
definitions and simple computations are described in table 4.3. However, the computa-
tions for RWA ratio and Capital quality are specified in detail here:

RWA ratio =
Total capital/Total capital ratio

Total assets
(4.36)

Capital quality =
Tier 1 capital
Total capital

(4.37)

In summary, after processing the raw data three distinct data sets from different sources
were obtained: The CoCo indicator data, the financial data, and the annualized volatility
data. The three data sets were joined by matching the ISIN and the year of each observa-
tion.

Data exclusion criteria

As described in section 4.2.1, a relatively large number of observations in the gross data
set were excluded.

Firstly, all bank-year observations where consolidated financial information was not
available were excluded. The reason for excluding these observations is that if the finan-
cial figures are not consolidated they might not adequately describe the capital structure
or profitability of the bank which could cause coefficients of the control variables to be
incorrectly estimated in the regressions.

Secondly, the listwise deletion method is employed in which observations with missing
data for key variables were excluded entirely, since the observations cannot be used in
the regressions. It should be noted that the control variables in the primary regressions
are lagged one year. Thus, a bank-year observation was only excluded if the dependent,
independent or one-year lagged control variable had missing data. More specifically, an
observation was excluded in the primary regressions if the dependent or either one of the
Loans ratio, Size, ROA, Cost-income ratio, Total capital ratio or Capital quality variables were
missing.

Thirdly, outliers were excluded based on a subjective assessment of reasonable maximum
values for each variable. Bank-year observations where any of the following were true
were excluded: Control-ratios3> 100%, ROA > 50%, Cost-income ratio > 150%, Total capital
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ratio > 50%, Capital quality > 150%, or Volatility > 200%. Further, bank-year observations
where the total assets were less than EUR 1bn were excluded. The reason for this cutoff
is to filter out small banks which often have extreme volatility due to for example id-
iosyncratic events or small market capitalizations. This naturally could introduce bias in
the estimations and therefore conclusions. Therefore, the findings must not carelessly be
generalized to banks with asset values below EUR 1bn.

Lastly, all bank-year observations for a bank were excluded if less than five bank-year
observations were available for a specific bank (not including previously excluded ob-
servations as described above). The reason for excluding these observations is that the
fixed effects regressions rely on estimating a base-level effect on the dependent variable
for each bank across time. With too few observations for each bank the estimation of this
effect is relatively uncertain.

Descriptive statistics of the dependent and control variables after aforementioned exclu-
sions are presented in table 4.6.

TABLE 4.6: This table describes the distributions of dependent and control variables after exclud-
ing outliers. Source: Bloomberg and BvD Bank Focus.

Variable Count µ σ Min Q1 Q2 Q3 Max

Volatility 951 0.3088 0.2053 0.0000 0.2032 0.2623 0.3474 1.9379

RWA ratio 951 0.4736 0.1682 0.0910 0.3446 0.4751 0.5965 0.9837
NPL ratio 951 0.0712 0.0968 0.0006 0.0135 0.0351 0.0824 0.6156
Loans ratio 951 0.5902 0.1972 0.0325 0.4806 0.6336 0.7374 0.9025
Securities ratio 951 0.2046 0.1393 0.0022 0.1172 0.1783 0.2496 0.8293
Derivatives ratio 951 0.0609 0.1051 0.0000 0.0062 0.0193 0.0663 0.7502

OBS ratio 951 0.1436 0.1325 0.0000 0.0443 0.1199 0.1986 0.9978
Size 951 24.3199 1.9740 20.7373 23.0003 23.9679 25.6826 28.6606
ROA 951 0.0050 0.0117 -0.1341 0.0023 0.0053 0.0089 0.1799
Cost-income ratio 951 0.5976 0.3379 -5.2533 0.5088 0.6014 0.7117 1.2842
Total capital ratio 951 0.1690 0.0414 -0.0500 0.1426 0.1634 0.1871 0.3430
Capital quality 951 0.8877 0.0946 0.5839 0.8288 0.8942 0.9677 1.3574

4.3 Statistical models

Statistical models are presented for the asset risk-shifting diagnostic analysis (section
4.3.1) and the primary statistical analysis that are used to test the hypotheses (section
4.3.2). The statistical tests based on the presented models rely on t-tests which serve the

3Control-ratios include the RWA ratio, NPL ratio, Loans ratio, Securities ratio, Derivatives ratio, and OBS ratio
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purpose of potentially rejecting the relevant null hypotheses. Rejection of the null hy-
pothesis leads to an acceptance of the alternative hypothesis which for the purposes of
this study would be one of the four proposed hypotheses.

As reviewed in section 3.3, some researchers argue that CoCos can potentially lead to
asset risk-shifting while others argue that this effect is negligible. If risk-shifting occurs,
the interpretations of the empirical results could be affected. Specifically, the concern is
that issuing CoCos will incentivize shareholders to increase the asset risk thereby poten-
tially leading to an increased probability of a wealth transfer to shareholders if the CoCos
are written down or converted. A significant asset risk-shift as a result of issuing CoCos
could affect stock return volatility and therefore bias the results of the regressions. To alle-
viate this concern, a diagnostic test similar to the one presented by Fiordelisi, Pennacchi,
and Ricci (2020) is conducted.

Firstly, the asset risk-shifting diagnostic model is presented. Secondly, the primary sta-
tistical model is presented.

4.3.1 Asset risk-shifting diagnostic model

The asset risk-shifting model considers the effect of issuing CoCos on a variety of differ-
ent asset risk measures and includes control variables as well as bank- and year-specific
fixed effects. The model takes the form of a panel data regression:

Yi,t = α + β1Post_CoCoi,t + y′Controlsi,t−1 + Ai + Bt + ηi,t (4.38)

In the equation above, Yi,t is the asset risk measure of bank i in year t and Post_CoCoi,t

is an indicator variable that equals one in the years following a CoCo issuance as long as
the CoCo is outstanding. Controlsi,t−1 is a vector of one-year lagged control variables. Ai

is a fixed effect variable intended to explain bank-specific differences in asset risk from
the sample not captured by the control variables. Similarly, Bt is a fixed effect variable
intended to capture year-specific differences in asset risk across all banks.

The primary dependent variable used to measure asset risk (Yi,t) is the RWA ratio. The
RWA ratio measures the proportion of RWA to total assets, and thus is a catch-all proxy
for the total risk of the bank’s assets. The secondary asset risk measures include the NPL
ratio, Loans ratio, Securities ratio, Derivatives ratio, and OBS ratio. The NPL ratio and Loans
ratio capture the risks related to the loans which are particularly important in a European
context (Fiordelisi, Pennacchi, and Ricci, 2020; Fiordelisi, Ricci, and Lopes, 2017). The
last three control variables are intended to capture the non-lending related risks. The
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purpose of including the secondary independent variables is to determine the source of
a potential increase in asset risk, if any effect is apparent from the RWA ratio model.

The control variables (Controlsi,t−1) include Size, ROA, Cost-income ratio, Total capital ratio,
and Capital quality. In combination, the control variables are intended to capture any
discrepancy between bank size, profitability, and capital structure in the preceding year.
In other words, the control variables are intended to capture the financial and operational
risk effects on the risk measures that are not related to the issuance of CoCos, but may
affect asset risk in the following year. For example a change in the profitability of a bank
may lead to a change in the risk measures in the following year.

The purpose of including the fixed effects (Ai, Bt) is to capture any bank- or year-specific
effects that are not already explained by the independent variables or the controls. The
bank-specific fixed effect captures time-persistent effects related to a specific bank, e.g. an
overly cautious management which may not be captured by the independent and control
variables. The year-specific variable is intended to capture cross-bank effects in a given
year, e.g. a macroeconomic shock that leads to an increase in risk across many banks.

A significant coefficient on the Post_CoCoi,t variable would indicate a rejection of the
null hypothesis which states that there is no relationship between issuing CoCos and
asset risk in the following year. If the null hypothesis is rejected, then it is concluded that
statistically significant evidence exists in favor of the a causal relationship between the
issuance of CoCos and asset risk.

As discussed in section 3.3, the potential causal relationship could be caused by risk-
shifting by shareholders as a result of issuing CoCos. If a causal relationship exists be-
tween asset risk-shifting and issuance of CoCos, the empirical model would not neces-
sarily lead to the correct conclusion regarding the hypotheses. For example, CoCos might
be perceived as likely to be written down and should therefore decrease volatility as the
mathematical model predicts subject to a sufficiently high π(1 − w), however, if asset
risk-shifting simultaneously occurs, volatility might increase simultaneously, thus lead-
ing to a net zero effect. In other words, if risk-shifting occurs, then the results will likely
be biased towards not confirming hypothesis 1 and vice versa.

On the other hand, if the asset risk-shifting tests determine that issuing CoCos has no
significant effect on asset risk, then it is likely that the empirical test of CoCo issuance
and volatility is isolating the effects of issuing CoCos and the probability of write-down
or conversion.
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The asset risk-shifting tests are conducted for each of the six asset risk variables. This
set of tests are then conducted using each of the five sets of independent variables as
discussed in section 4.2.2. Thus, a total of 30 panel data regressions are examined. The
purpose of conducting the test for all five sets of independent variables is to determine
whether the loss absorption mechanism or trigger level of the issued CoCos have an effect
on asset risk.

4.3.2 Primary empirical model

The primary empirical model which is intended to test the hypotheses, considers the
effect of issuing CoCos on stock return volatility and includes control variables as well
as bank- and year-specific fixed effects. The tests take the form of a dynamic panel data
regression also employed by Fiordelisi, Pennacchi, and Ricci (2020):

Yi,t =α + β1Pre_CoCoi,t + β2CoCoi,t + β3Post_CoCoi,t

+y′Controlsi,t−1 + Ai + Bt + ηi,t
(4.39)

In the equation above Yi,t is the stock return volatility of bank i in year t and the CoCo
indicator variables (Pre_CoCoi,t, CoCoi,t, and Post_CoCoi,t) indicate the timing of CoCo
issuance as described previously. As in the asset risk-shifting test Controlsi,t−1 is a vec-
tor of one-year lagged control variables. Ai is a fixed effect variable intended to explain
bank-specific differences in volatility from the sample that are not captured by the control
variables. Similarly, Bt is a fixed effect variable intended to capture year-specific differ-
ences in volatility across all banks.

The reason for employing the dynamic panel data regression method, where the treat-
ment variable (CoCoi,t) is included at various lags (i.e. Pre_CoCoi,t and Post_CoCoi,t), is
to address endogeneity concerns. The hypotheses propose a causality between issuing
CoCos and stock return volatility, however, it might be the case that a reverse causal-
ity effect exists. For example if banks are more likely to issue CoCos in a period of low
volatility in its stock and vice versa. If this is the case, a regular panel data regression
including only CoCoi,t could be affected if the low volatility persists into year after the
issuance. Existence of such an endogenity issue could alter the conclusions drawn from
the analysis. To alleviate this concern, the Pre_CoCoi,t and CoCoi,t variables are included
with the purpose of absorbing any reverse causality effects. More specifically, the analy-
sis will pay close attention to potentially significant β1 coefficients which could indicate
the existence of a causal relationship between stock return volatility and CoCo issuance
(i.e. reverse causality). A significant β2 coefficient indicates a synchronous effect where
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the direction of causality is problematic to determine given that it cannot be determined
which way a causality occurs at the chosen data resolution. A significant β3 coefficient
indicates a causal relationship between CoCo issuance and stock return volatility in line
with the proposed hypotheses. Ideally the β1 and β2 coefficients are insignificant, since
that would suggest that the randomization condition has been met.

The choice of the dependent and independent variables is straightforward given the pro-
posed hypotheses. I.e. since the hypotheses propose a causal relationship between CoCo
issuance and stock return volatility, it is natural to treat stock return volatility as the de-
pendent variable and CoCo issuance indicator variables as the independent variables.
The purpose of the one-year lagged control variables is to capture any discrepancy be-
tween bank size, profitability, and capital structure in the preceding year which may
affect volatility. The fixed effects and lagged control variables are identical to the asset
risk-shifting model in the previous section. The purpose of the fixed effects variables is
to estimate unobserved firm-specific, time-independent effects (Ai) and cross-firm, time-
dependent effects (Bt).

Four different regressions are conducted for each of the five previously described sets of
CoCo indicators. These four regressions are based on four specifications of equation 4.39.
The first type of regression does not include any fixed effects while the second and third
types of regression includes a single fixed effect. The fourth type of regression includes
both fixed effects. The purpose of employing four different specifications of equation 4.39
is to assess the robustness of the findings to model specification.

The purpose of conducting the regressions for all CoCo issuances generally is to empir-
ically analyze hypothesis 1 and 2. The purpose of the separate sets of regressions for
PW and EC CoCos is to empirically analyze hypothesis 3. Lastly, the purpose of the sep-
arate sets of regressions for high and low trigger level CoCos is to empirically analyze
hypothesis 4.

Consequently, a total of 20 panel data regressions will be analyzed. For each regression
the t-statistics of the coefficients of the independent variables are examined to determine
whether statistically significant evidence in support of the hypotheses exists.

4.4 Estimation and testing

Both of the two sets of empirical models described in the previous chapter are estimated
using a multiple linear regression approach. The multiple linear regression approach
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employed in the analysis estimates the parameters using ordinary least squares (OLS) es-
timation. In the following, the OLS procedure and its underlying assumptions are briefly
reviewed, after which the hypothesis testing methodology and related assumptions are
described.

4.4.1 OLS estimation and underlying assumptions

In order to apply OLS estimation a set of four assumptions should be fulfilled (Hayashi,
2000). The first assumption in applying OLS estimation is linearity which stipulates that
the dependent variable should have a linear relationship with the independent variables.
The second assumption is strict exogeneity. In other words, the error terms conditioned
on the independent variables are random variables with zero mean (Hayashi, 2000). The
implications of strict exogeneity are that the unconditional mean of the error term must
be zero and that the independent variables must be uncorrelated with the error term
(Hayashi, 2000).

The third assumption is, there is no multicollinearity, i.e. that the independent vari-
ables are linearly independent of each other. The fourth assumption is a spherical error
variance which implies homoscedasticity and no correlation between error terms. Ho-
moscedasticity means that the variance of the error term is a constant (Hayashi, 2000).

When these four assumptions are fulfilled, the OLS estimation procedure gives unbiased
estimates of the coefficients (β) of the independent variables. However, the assumptions
are based on the population where in practice it is often attempted to estimate the coeffi-
cients for a sample. Thus, the actual error terms are unobservable. However, it is possible
to calculate the residuals from the data and model predictions implied by a hypothetical
estimate of the coefficients (β̃) (Hayashi, 2000):

yi − x′i β̃ (4.40)

By calculating the residual vector, yi − x′i β̃, implied by a specific estimate of coefficients
(β̃), it is possible to calculate the sum of squared residuals (SSR) (Hayashi, 2000):

SSR(β̃) =
n

∑
i=1

(yi − x′i β̃)
2 = (y− Xβ̃)′(y− Xβ̃) (4.41)
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The OLS estimate of coefficients b of β is the β̃ that minimizes the aforementioned func-
tion (Hayashi, 2000). I.e. b is determined by>

b = argmin
β̃

SSR(β̃) (4.42)

By minimizing the squared residuals, the OLS estimation procedure gives heavy weight
to large residuals. By using vector algebra, calculus, and the aforementioned assump-
tions, one can express the OLS estimator as (Hayashi, 2000):

b = (X′X)−1(X′y) (4.43)

The coefficient of determination (R2) is applied to evaluate a model’s explanatory power
in the sample. This value is given by (Hayashi, 2000):

R2 = 1− ∑n
i=1 e2

i

∑n
i=1(yi − ȳ)2 (4.44)

In the empirical analysis, the higher the value of a model’s R2, the more of the variance is
explained by the model, and consequently the model is better at predicting stock return
volatility.

The described underlying assumptions, the OLS estimator, and the evaluation metric are
the primary statistical methods employed in the estimation procedures of the empirical
analysis.

4.4.2 Hypothesis testing and underlying assumptions

Once the coefficients have been estimated using the aforementioned approach, the esti-
mates are tested to determine whether they support one of the hypotheses.

To conduct hypothesis tests, one has to invoke a fifth assumption, namely that the error
term is normally distributed with zero mean (Hayashi, 2000):

ε ∼ N(0, σ2 In) (4.45)

Recall that the presented hypotheses propose that the issuance of CoCos affects stock re-
turn volatility, hence it is expected that the coefficient of the Post_CoCo is either negative
(hypothesis 1) or positive (hypothesis 2). These hypotheses are not tested directly. In-
stead a null hypothesis is defined. For the purposes of this empirical analysis, the null
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hypothesis is that the Post_CoCo variable has no effect on stock return volatility:

H0 : β3 = 0 (4.46)

Note that β3 denotes the coefficient of the Post_CoCo variable. This null hypothesis is
tested against the alternative hypothesis at a significance level4 α:

H1 : β3 6= 0 (4.47)

For a given estimate of β3 denoted b3, the process of testing the null against the alternative
hypothesis commences by calculating the t-value (Hayashi, 2000):

t =
b3

SE(b3)
(4.48)

Here SE(b3)5 is the standard error of the OLS estimate of β3. The t-value is t-distributed
with n− k degrees of freedom where n is the number of observations and k is the number
of independent variables.

Having obtained the t-distributed t-value for the coefficient estimate, b3, and having de-
fined a significance level, α, it can be determined whether the hypothesis should be re-
jected. To assess whether the t-value is large enough to lead to a rejection of the null
hypothesis, the critical value, tα/2(n− k), must be determined (Hayashi, 2000). Since the
critical values of the t-distribution does not depend on the independent variables, these
values need not be calculated for each sample and can be looked up.

The null hypothesis cannot be rejected if the following equality holds (Hayashi, 2000):

− tα/2(n− k) < t < −tα/2(n− k) (4.49)

Here t is the calculated t-value of the b3 estimate. If the t-value exceeds these critical
values, the null hypothesis is rejected, and consequently the alternative hypothesis is ac-
cepted (Hayashi, 2000). If the alternative hypothesis is accepted, the result is interpreted
in favor of one of the relevant proposed hypotheses. For example, if it is determined
that the Post_CoCo coefficient is significantly different from zero, the null hypothesis is
rejected which is interpreted as evidence in favor of either hypothesis 1 or 2 depending
on whether the estimate is negative or positive.

4Note that in the analysis this test it reported for three significance levels of 10%, 5%, and 1%.
5Given by

√
s2 (̇(X′X)−1)1,1 (Hayashi, 2000)
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The presented hypothesis testing methodology is employed for both the asset risk-shifting
diagnostic model (section 5.1) and the primary empirical model (section 5.2) to arrive at
conclusions with respect to the presented hypotheses. Note that in the analysis, hypoth-
esis tests (based on null hypotheses of coefficients equal to zero) are reported for all inde-
pendent and control variables. With respect to adherence to the underlying assumptions,
a model control assessment is presented in section 5.3.
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5 Analysis

5.1 Asset risk-shifting diagnostic analysis

The analysis commences by considering the assumption underpinning the empirical anal-
ysis: That no asset risk-shifting occurs as a result of issuing CoCos. The statistical model
used to test this was presented in section 4.3.1. The results of the asset risk-shifting re-
gressions considering all CoCo issuances regardless of the loss absorption mechanism
are presented in table 5.1.

TABLE 5.1: This table describes the results of the asset risk-shifting diagnostic regressions in the
form of equation 4.38 for all types of CoCos. Regression results for each response variable are
listed in the columns. The coefficient estimates and t-statistics (latter in parentheses) are listed in
the rows. Asterisks indicate p-value of t-test, where *, **, and *** indicate significance at 10%, 5%,
and 1%.

Sample: All CoCos RWA ratio NPL ratio Loans ratio Sec. ratio Deriv. ratio OBS ratio

Year and bank FEs Yes Yes Yes Yes Yes Yes

Post_CoCo -0.007 -0.006 0.002 0.000 -0.006 0.008
(-0.940) (-1.314) (0.343) (-0.026) (-1.986)** (0.898)

Size -0.041 0.016 -0.010 -0.023 0.032 -0.020
(-3.432)*** (2.04)** (-0.881) (-1.886)* (6.195)*** (-1.362)

ROA 0.874 0.137 0.159 -0.324 0.169 0.057
(4.055)*** (0.954) (0.77) (-1.508) (1.812)* (0.216)

Cost-income ratio -0.017 -0.010 -0.006 -0.014 0.000 0.006
(-1.928)* (-1.609) (-0.756) (-1.58) (0.012) (0.526)

Total capital ratio -0.588 0.138 -0.399 0.255 0.021 0.026
(-6.401)*** (2.265)** (-4.534)*** (2.782)*** (0.522) (0.23)

Capital quality -0.146 0.051 -0.151 0.068 0.032 0.010
(-4.591)*** (2.404)** (-4.986)*** (2.159)** (2.33)** (0.267)

No. of observations 951 951 951 951 951 951
No. of banks 131 131 131 131 131 131
Adj. R-squared 0.887 0.849 0.925 0.836 0.946 0.723

In determining whether asset risk-shifting occurs after issuing CoCos, the coefficients of
the Post_CoCo term in table 5.1 are of interest. Since most of the asset risk-shifting regres-
sions have a negative coefficient or a coefficient close to zero, it seems that if anything
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CoCos lead to negative asset risk-shift. However, the coefficient is positive for the Loans
ratio and the OBS ratio, but the t-statistics of these coefficients are not significant. In sum-
mary, due to the insignificant coefficients of the Post_CoCo variable across the asset risk
metrics except for the Derivatives ratio, it seems that there is no compelling evidence of
asset risk-shifting as a result of CoCo issuance in general.

Although no significant evidence in favor of asset risk-shifting was found for the general
Post_CoCo indicator, each of the four remaining Post_CoCo indicators are tested using the
same approach to ascertain that no asset risk-shifting occurs for the different types of
CoCos.

The results of the asset risk-shifting diagnostic regressions of the form equation 4.38 con-
sidering only PW CoCo issuances are presented in table 5.2.

TABLE 5.2: This table describes the results of the asset risk-shifting diagnostic regressions in the
form of equation 4.38 for PW CoCos. Regression results for each response variable are listed in
the columns. The coefficient estimates and t-statistics (latter in parentheses) are listed in the rows.
Asterisks indicate p-value of t-test, where *, **, and *** indicate significance at 10%, 5%, and 1%.

Sample: PW CoCos RWA ratio NPL ratio Loans ratio Sec. ratio Deriv. ratio OBS ratio

Year and bank FEs Yes Yes Yes Yes Yes Yes

Post_CoCo -0.005 -0.005 0.003 0.005 -0.004 0.003
(-0.631) (-1.024) (0.416) (0.662) (-1.077) (0.343)

Size -0.041 0.016 -0.010 -0.023 0.032 -0.02
(-3.434)*** (2.038)** (-0.885) (-1.905)* (6.169)*** (-1.351)

ROA 0.882 0.144 0.156 -0.324 0.176 0.048
(4.095)*** (1.006) (0.758) (-1.507) (1.889)* (0.18)

Cost-income ratio -0.017 -0.010 -0.006 -0.014 0.000 0.006
(-1.937)* (-1.624) (-0.749) (-1.567) (-0.004) (0.53)

Total capital ratio -0.595 0.133 -0.397 0.253 0.015 0.035
(-6.497)*** (2.179)** (-4.534)*** (2.77)*** (0.365) (0.307)

Capital quality -0.145 0.051 -0.151 0.069 0.033 0.009
(-4.569)*** (2.434)** (-4.993)*** (2.178)** (2.383)** (0.238)

No. of observations 951 951 951 951 951 951
No. of banks 131 131 131 131 131 131
Adj. R-squared 0.887 0.849 0.925 0.836 0.946 0.723

As in the previous case, the coefficients of the Post_CoCo term in table 5.2 are considered.
Since all of the asset risk-shifting regressions have an insignificant coefficient at a 10%
level, it does not seem that issuing PW CoCos leads to an asset risk-shift. This leads to
the conclusion that no compelling evidence of asset risk-shifting as a result of PW CoCo
issuances has been identified.
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The asset risk-shifting diagnostic regressions are applied again considering only EC Co-
Co issuances. The results of these tests are presented in table 5.3.

TABLE 5.3: This table describes the results of the asset risk-shifting diagnostic regressions in the
form of equation 4.38 for EC CoCos. Regression results for each response variable are listed in
the columns. The coefficient estimates and t-statistics (latter in parentheses) are listed in the rows.
Asterisks indicate p-value of t-test, where *, **, and *** indicate significance at 10%, 5%, and 1%.

Sample: EC CoCos RWA ratio NPL ratio Loans ratio Sec. ratio Deriv. ratio OBS ratio

Year and bank FEs Yes Yes Yes Yes Yes Yes

Post_CoCo 0.006 -0.003 0.010 -0.011 -0.015 0.019
(0.54) (-0.361) (0.851) (-0.919) (-2.922)*** (1.318)

Size -0.041 0.016 -0.010 -0.023 0.031 -0.019
(-3.43)*** (1.995)** (-0.842) (-1.921)* (6.058)*** (-1.294)

ROA 0.893 0.1400 0.172 -0.342 0.152 0.079
(4.127)*** (0.971) (0.83) (-1.585) (1.631) (0.296)

Cost-income ratio -0.017 -0.009 -0.007 -0.014 0.000 0.005
(-1.944)* (-1.589) (-0.789) (-1.545) (0.127) (0.473)

Total capital ratio -0.602 0.133 -0.404 0.264 0.026 0.019
(-6.541)*** (2.172)** (-4.59)*** (2.879)*** (0.653) (0.171)

Capital quality -0.1404 0.052 -0.151 0.068 0.032 0.01
(-4.542)*** (2.45)** (-4.986)*** (2.143)** (2.357)** (0.258)

No. of observations 951 951 951 951 951 951
No. of banks 131 131 131 131 131 131
Adj. R-squared 0.887 0.849 0.925 0.836 0.946 0.724

Again the coefficients of the Post_CoCo term in table 5.3 are considered. The only signif-
icant coefficient of the Post_CoCo is for the Derivatives ratio regression which is negative.
A possible explanation of this is that banks are likely to reduce their derivatives expo-
sure after issuing EC CoCos. Despite the one significant coefficient, it could be argued
that it is imprudent to arrive at the conclusion that EC CoCos lead to asset risk-shifting
based on one risk metric alone. Thus, since most of the coefficients of Post_CoCo except
for the derivatives ratio have an insignificant coefficient, it does not seem that EC CoCo
issuances lead to any significant asset risk-shifting behavior. This leads to the conclusion
that no compelling evidence of asset risk-shifting as a result of EC CoCo issuances has
been identified.

The asset risk-shifting diagnostic regressions are applied again considering only CoCo
issuances with a low trigger level. The results of these tests are presented in table 5.4.

The coefficients of the Post_CoCo term in table 5.4 are considered. All of the Post_CoCo
coefficients are insignificant except for the Derivatives ratio as for EC CoCos. As for the
EC CoCos, it is concluded that given only one significant coefficient across six measures
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TABLE 5.4: This table describes the results of the asset risk-shifting diagnostic regressions in the
form of eq. 4.38 for low trigger level CoCos. Regression results for each response variable are
listed in the columns. The coefficient estimates and t-statistics (latter in parentheses) are listed in
the rows. Asterisks indicate p-value of t-test, where *, **, and *** indicate significance at 10%, 5%,
and 1%.

Sample: Low TL CoCos RWA ratio NPL ratio Loans ratio Sec. ratio Deriv. ratio OBS ratio

Year and bank FEs Yes Yes Yes Yes Yes Yes

Post_CoCo -0.006 -0.006 -0.005 0.001 -0.006 0.015
(-0.688) (-1.167) (-0.596) (0.074) (-1.701)* (1.518)

Size -0.041 0.016 -0.010 -0.023 0.032 -0.02
(-3.448)*** (2.019)** (-0.87) (-1.888)* (6.159)*** (-1.354)

ROA 0.879 0.140 0.153 -0.323 0.173 0.058
(4.077)*** (0.978) (0.742) (-1.505) (1.849)* (0.218)

Cost-income ratio -0.017 -0.010 -0.007 -0.014 0.000 0.006
(-1.934)* (-1.62) (-0.764) (-1.579) (-0.005) (0.543)

Total capital ratio -0.591 0.136 -0.392 0.254 0.019 0.022
(-6.441)*** (2.237)** (-4.457)*** (2.777)*** (0.472) (0.191)

Capital quality -0.145 0.051 -0.153 0.068 0.032 0.012
(-4.583)*** (2.401)** (-5.028)*** (2.163)** (2.327)** (0.303)

No. of observations 951 951 951 951 951 951
No. of banks 131 131 131 131 131 131
Adj. R-squared 0.887 0.849 0.925 0.836 0.946 0.724

it is unlikely that significant risk-shifting behavior occurs. Consequently, the conclusion
is that no compelling evidence of asset risk-shifting as a result of low trigger level CoCo
issuances has been identified.

Lastly, the asset risk-shifting diagnostic regressions are applied again considering only
CoCo issuances with a high trigger level. The results of these tests are presented in table
5.5.

The coefficients of the Post_CoCo term in table 5.5 are considered. All of the Post_CoCo
coefficients are insignificant except for the Loans ratio which is significant at a 10% signif-
icance level. As for the EC and low trigger level CoCos, it is concluded that given only
one significant coefficient across six measures it is unlikely that significant risk-shifting
behavior occurs. Consequently, the conclusion is also similar to the previous conclu-
sions: No compelling evidence of asset risk-shifting as a result of high trigger level CoCo
issuances has been identified.

In summary, the five sets of diagnostic tests yielded no significant evidence of asset risk-
shifting behavior as a result of issuing CoCos. This result is significant in interpreting
the results of the primary empirical model. The reason is that if risk-shifting (increase
in asset risk) did occur as a result of CoCo issuance then stock return volatility would
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TABLE 5.5: This table describes the results of the asset risk-shifting diagnostic regressions in the
form of eq. 4.38 for high trigger level CoCos. Regression results for each response variable are
listed in the columns. The coefficient estimates and t-statistics (latter in parentheses) are listed in
the rows. Asterisks indicate p-value of t-test, where *, **, and *** indicate significance at 10%, 5%,
and 1%.

Sample: High TL CoCos RWA ratio NPL ratio Loans ratio Sec. ratio Deriv. ratio OBS ratio

Year and bank FEs Yes Yes Yes Yes Yes Yes

Post_CoCo -0.007 0.001 0.027 -0.007 -0.005 -0.016
(-0.500) (0.125) (1.933)* (-0.506) (-0.766) (-0.870)

Size -0.041 0.016 -0.010 -0.022 0.032 -0.02
(-3.444)*** (2.007)** (-0.905) (-1.88)* (6.15)*** (-1.329)

ROA 0.877 0.145 0.177 -0.33 0.173 0.035
(4.063)*** (1.013) (0.86) (-1.533) (1.847)* (0.133)

Cost-income ratio -0.017 -0.010 -0.007 -0.014 0.000 0.006
(-1.918)* (-1.605) (-0.786) (-1.573) (0.028) (0.536)

Total capital ratio -0.595 0.13 -0.401 0.256 0.014 0.039
(-6.502)*** (2.139)** (-4.592)*** (2.808)*** (0.353) (0.347)

Capital quality -0.145 0.052 -0.149 0.068 0.033 0.007
(-4.573)*** (2.461)** (-4.917)*** (2.136)** (2.369)** (0.188)

No. of observations 951 951 951 951 951 951
No. of banks 131 131 131 131 131 131
Adj. R-squared 0.887 0.849 0.925 0.836 0.945 0.723

increase. This effect could counteract the going concern effect of issuing CoCos (decrease
in stock return volatility). Thus, the results of the primary empirical model would be
biased against finding that CoCos are going concern capital.

The fact that a significantly negative coefficient of the Post_CoCo term was found for the
Derivatives ratio for EC CoCos indicates that some negative risk-shifting may occur. A
possible explanation is that banks shore up their derivatives balance in order to minimize
the risk of write-down or conversion. Using the same reasoning as above, this might
bias the empirical models towards determining that CoCos are going concern capital.
However, given that this is coefficient is only significant for general CoCo, EC CoCo, and
low trigger level CoCo indicators, the PW and high trigger level indicators should be
unaffected. Further, the coefficient was only significant in the case of the Derivatives ratio
which indicates that if negative risk-shifting does occur, the effect might have a negligible
on stock return volatility.
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5.2 Primary empirical analysis

The primary empirical analysis tests the hypotheses using a set of regressions based on
equation 4.39. As discussed in section 4.3.2, four different specifications of the regres-
sion are employed. Each of these four regression types are applied to the five versions
of the sample: (1) The independent variables represent all types of CoCo issuances, (2)
the independent variables represent only PW CoCo issuances, (3) the independent vari-
ables represent only EC CoCo issuances, (4) the independent variables represent only
CoCo issuances with a high trigger level, and (5) the independent variables represent
only CoCo issuances with a low trigger level. Thus, a total of 20 panel data regressions
will be analyzed.

5.2.1 All CoCos

Table 5.6 presents the results of four regressions in the sample where the independent
variable responds to all types of CoCo issuances regardless of trigger mechanism and
level. The first column disregards both the fixed effects terms, the second includes the
year fixed effect, the third includes bank-specific fixed effect, and the fourth includes both
fixed effects.

The conclusion of the results presented in table 5.6 depend on the employed regression
form. The first (no fixed effects) and second (year fixed effect) regressions (in the two
leftmost columns) have significantly negative coefficients at at least a 5% significance
level for all three independent variables. This indicates that banks tend to have lower
stock return volatility before, during and after a CoCo issuance. The coefficients of the
indicator variables is in the range of 7-8% which indicates that banks generally have 7-
8 percentage points lower stock return volatility in the year before, during, and after a
CoCo issuance. From an isolated perspective the significantly negative coefficient on the
Post_CoCo variable supports hypothesis 1 (CoCos reduce volatiltiy), however, the coef-
ficients on the Pre_CoCo and CoCo variables are also significantly negative which means
that it cannot be concluded that CoCo issuances lead to a definitive decrease in stock
return volatility. In other words, the coefficients may be significantly negative because
banks that issue CoCos tend to generally have relatively lower volatile stock price re-
turns than other banks. Further, it cannot be ruled out that a reverse causal relationship
exists between stock return volatility and CoCo issuance due to the significantly negative
coefficient of the Pre_CoCo variable.
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TABLE 5.6: This table describes the results of the empirical tests in the four forms of equation 4.39
for the sample where the independent variables represent all types of CoCo issuances. Regression
results for each combination of fixed effects is shown by the columns. The coefficient estimates
and t-statistics (latter in parentheses) are listed in the rows. Asterisks indicate p-value of t-test,
where *, **, and *** indicate significance at 10%, 5%, and 1% respectively.

Sample: All CoCos Volatility Volatility Volatility Volatility

Year fixed effect No Yes No Yes
Bank fixed effect No No Yes Yes

Pre_CoCo -0.071 -0.073 -0.026 -0.009
(-2.47)** (-2.548)** (-1.044) (-0.357)

CoCo -0.073 -0.070 -0.037 -0.009
(-2.637)*** (-2.551)** (-1.507) (-0.366)

Post_CoCo -0.077 -0.074 -0.047 -0.006
(-4.93)*** (-4.495)*** (-2.28)** (-0.25)

Size 0.007 0.007 0.042 0.082
(2.161)** (2.225)** (1.605) (3.007)***

ROA -6.946 -6.859 -2.935 -2.789
(-13.027)*** (-12.895)*** (-5.831)*** (-5.718)***

Cost-income ratio -0.090 -0.091 -0.046 -0.048
(-5.158)*** (-5.286)*** (-2.201)** (-2.406)**

Total capital ratio -0.730 -0.661 -0.327 0.138
(-4.892)*** (-4.301)*** (-1.643) (0.664)

Capital quality 0.064 0.063 0.144 0.192
(0.992) (0.984) (1.97)** (2.679)***

No. of observations 951 951 951 951
No. of banks 131 131 131 131
Adj. R-squared 0.251 0.262 0.585 0.613

The third regression (in the second column from the right) which includes bank-specific
fixed effects but no year fixed effects has insignificant coefficients of the Pre_CoCo and
CoCo variables. The coefficient of of Post_CoCo variable is significantly negative at 4.7%
which indicates that CoCo issuing banks generally experience a 4.7 percentage point de-
crease in their stock return volatility in the years following issuance. The significantly
negative coefficient of the Post_CoCo variable supports hypothesis 1. Further, the fact
that the coefficients of the first two indicator variables is insignificant while the third is
significant mitigate the concern for the existence of a reverse causal relationship between
stock return volatility and CoCo issuance. The adjusted R-squared of 0.585 is greater than
the first two regressions which is to be expected given that the bank-specific fixed effects
explains a lot of the variation in the stock return volatility not captured by the control
variables.

The fourth regression (in the last column) which includes both bank-specific and year
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fixed effects has insignificant coefficients of all the independent variables. Although the
all coefficients are insignificant, the coefficient of the Post_CoCo is negative at 0.6% which
indicates that CoCo issuing banks generally experience a 0.6 percentage point decrease
in their stock return volatility in the years following issuance. The negative coefficient
estimate in itself aligns with hypothesis 1, however, the insignificant t-value does not
provide statistical certainty with respect to neither of the two hypotheses. The adjusted R-
squared of 0.613 is greater than the third regression indicating that the fourth regression
type is superior in explaining the variance in the stock return volatility.

In summary, the results of the four regressions presented in table 5.6 lend some credi-
bility to hypothesis 1 especially due to the results of the third regression, but given the
inconclusive result of the fourth regression the hypothesis cannot be confirmed.

5.2.2 Principal write-down CoCos

Table 5.7 presents the results of four regressions in the sample where the independent
variable responds only to PW CoCo issuances regardless of trigger level. The first column
disregards both the fixed effects terms, the second includes the year fixed effect, the third
includes bank-specific fixed effect, and the fourth includes both fixed effects.

The results presented in table 5.7 depend on the employed regression form. The first
(no fixed effects) and second (year fixed effect) regressions (in the two leftmost columns)
have significantly negative coefficients at at least a 1% significance level for all three in-
dependent variables. This finding is identical to the sample including all types of CoCo
issuances, hence the interpretation is more or less the same. Banks that issue PW CoCo
generally have 8-9 percentage points lower stock return volatilities before, during and
after CoCo issuances. These two regression results also point to the interpretation that
banks issuing CoCos tend to generally have relatively lower volatile stock price returns
than other banks. Given that the coefficients on the Pre_CoCo and CoCo variables are
significantly negative, no statistical evidence exists in favor of causal relationships be-
tween CoCo issuance and a decrease/increase in stock return volatility as predicted by
hypothesis 1 and 2.

The third regression (in the second column from the right) includes bank-specific fixed
effects but no year fixed effects. In contrast to the findings related to the sample with
all CoCos, the coefficients off all three independent variable are insignificant. The coeffi-
cient of the Post_CoCo variable is negative at 3.4% which is in line with the prediction in
hypothesis 1 (CoCos reduce volatility), however, given that the coefficients of the other
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TABLE 5.7: This table describes the results of the empirical tests in the four forms of equation
4.39 for the sample where the independent variables represent PW CoCo issuances. Regression
results for each combination of fixed effects is shown by the columns. The coefficient estimates
and t-statistics (latter in parentheses) are listed in the rows. Asterisks indicate p-value of t-test,
where *, **, and *** indicate significance at 10%, 5%, and 1% respectively.

Sample: PW CoCos Volatility Volatility Volatility Volatility

Year fixed effect No Yes No Yes
Bank fixed effect No No Yes Yes

Pre_CoCo -0.083 -0.083 -0.022 0.000
(-2.768)*** (-2.758)*** (-0.831) (-0.006)

CoCo -0.089 -0.085 -0.038 -0.005
(-3.095)*** (-2.956)*** (-1.439) (-0.209)

Post_CoCo -0.091 -0.088 -0.034 0.013
(-5.53)*** (-5.172)*** (-1.569) (0.553)

Size 0.008 0.008 0.044 0.082
(2.537)** (2.6)*** (1.665)* (3.022)***

ROA -6.914 -6.824 -2.913 -2.768
(-13.022)*** (-12.884)*** (-5.782)*** (-5.68)***

Cost-income ratio -0.091 -0.092 -0.046 -0.048
(-5.244)*** (-5.373)*** (-2.237)** (-2.387)**

Total capital ratio -0.648 -0.575 -0.387 0.127
(-4.329)*** (-3.739)*** (-1.977)** (0.614)

Capital quality 0.066 0.066 0.142 0.199
(1.031) (1.032) (1.952)* (2.769)***

No. of observations 951 951 951 951
No. of banks 131 131 131 131
Adj. R-squared 0.258 0.269 0.584 0.613

independent variable are also negative and insignificant, no conclusions with respect to
the hypotheses can be drawn upon these results. While this result is inconclusive, the
third regression in the sample including all CoCos supported hypothesis 1 which could
indicate that the previous finding was driven by the EC CoCos as opposed to the PW
CoCos in the full sample. This interpretation is supported by the adjusted R-squared
of 0.584 which is broadly in line with the previous third regression (Adj. R-squared of
0.585). The almost identical adjusted R-squared indicates that the two regressions are
almost equally good at explaining the variance in stock return volatility, but since the co-
efficient is insignificant in the PW CoCo sample it seems likely that issuance of EC CoCos
have a larger negative effect on stock return volatility in the following years.

The fourth regression (in the last column) that includes both bank-specific and year
fixed effects has insignificant coefficients of all the independent variables in line with
the sample including all CoCos. In contrast to the previous sample the coefficient of the
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Post_CoCo variable is positive at 1.3% which lends credibility to hypothesis 2. I.e. PW
CoCo issuing banks generally experience a 1.3 percentage point increase in their stock re-
turn volatility in the year following issuance. Although this findings disagrees with the
previous sample the conclusion is the same: The insignificant t-value does not provide
sufficiently significant statistical evidence to support either hypothesis. However, these
differing results could be explained by EC CoCos which may have a sufficiently large
negative effect on stock return volatility to lead to the negative coefficient in the sample
with all CoCos. If this is the case, it is possible that the regressions in the sample with
only EC CoCos will lead to a confirmation of hypothesis 1 in the following section. As
for the sample with all CoCos, the fourth regression had an adjusted R-squared of 0.613
indicating that this regression model has a comparable ability to explain variance in stock
return volatility.

In summary, the results of the four regressions presented in table 5.7 are inconclusive
leading to not confirming the predictions of neither hypotheses for PW CoCos.

5.2.3 Equity conversion CoCos

Table 5.8 presents the results of four regressions in the sample where the independent
variable responds only to EC CoCo issuances regardless of trigger level. The first column
disregards both the fixed effects terms, the second includes the year fixed effect, the third
includes bank-specific fixed effect, and the fourth includes both fixed effects.

In table 5.8 the first (no fixed effects) and second (year fixed effect) regressions (in the two
leftmost columns) have no significant coefficients for all three independent variable. This
observation stands in contrast to the previous two samples where the coefficients were
significantly negative. Previously it was speculated that banks who issue PW CoCos gen-
erally have relatively lower stock return volatility than other banks, however in this case,
the evidence is insufficient to arrive at the same result. For the banks that issued PW Co-
Cos stock return volatility was generally 8 percentage points lower than the typical bank
adjusted for control variables and year fixed effects. In this case the coefficients of the
Pre_CoCo variable are still negative at 0.3% and 2.6% for the first and second regression
respectively, but these coefficient estimates are insignificant, hence a possible explana-
tion could be that banks with relatively higher stock return volatility are more likely to
issue EC CoCos than PW CoCos ceteris paribus. The coefficients of the Post_CoCo vari-
able are insignificantly negative at 1.4% and 0.6% respectively. The negative coefficients
align with the PW CoCo sample, but the estimated effect on stock return volatility is less
extreme.
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TABLE 5.8: This table describes the results of the empirical tests in the four forms of equation
4.39 for the sample where the independent variables represent EC CoCo issuances. Regression
results for each combination of fixed effects is shown by the columns. The coefficient estimates
and t-statistics (latter in parentheses) are listed in the rows. Asterisks indicate p-value of t-test,
where *, **, and *** indicate significance at 10%, 5%, and 1% respectively.

Sample: EC CoCos Volatility Volatility Volatility Volatility

Year fixed effect No Yes No Yes
Bank fixed effect No No Yes Yes

Pre_CoCo -0.003 -0.026 0.011 0.01
(-0.056) (-0.547) (0.269) (0.234)

CoCo 0.025 0.024 0.008 0.028
(0.572) (0.543) (0.199) (0.708)

Post_CoCo -0.014 -0.006 -0.059 -0.018
(-0.593) (-0.235) (-1.754)* (-0.541)

Size 0.003 0.003 0.036 0.076
(0.786) (0.875) (1.361) (2.784)***

ROA -7.103 -6.939 -2.953 -2.807
(-13.122)*** (-12.853)*** (-5.866)*** (-5.759)***

Cost-income ratio -0.091 -0.093 -0.043 -0.047
(-5.116)*** (-5.279)*** (-2.086)** (-2.333)**

Total capital ratio -0.788 -0.664 -0.37 0.156
(-5.224)*** (-4.263)*** (-1.93)* (0.751)

Capital quality 0.081 0.081 0.15 0.194
(1.238) (1.239) (2.048)** (2.693)***

No. of observations 951 951 951 951
No. of banks 131 131 131 131
Adj. R-squared 0.227 0.241 0.585 0.614

The third regression (in the second column from the right) includes bank-specific fixed
effects but no year fixed effects. The coefficients of the Pre_CoCo and CoCo variables
are insignificant which alleviates concerns regarding a reverse causality relative to the
causality proposed by the hypotheses. The coefficient of the Post_CoCo variable is signif-
icantly negative at a 10% significance level at 5.9% with a t-value of -1.754 which aligns
with hypothesis 1 (CoCos reduce volatiltiy). On a standalone basis this result satisfies the
considered criteria for confirming hypothesis 1, however, the results of the fourth regres-
sion must also be considered. Despite the findings of the fourth regression, this result
indicates that if CoCos do affect stock return volatility it is likely that EC CoCos are more
efficient than PW CoCos. The adjusted R-squared of 0.585 is in line with the previous
third regressions in the two previous samples.

The fourth regression (in the last column) has insignificant coefficients of all the indepen-
dent variables in line with the two previous samples. Thus, by introducing the year fixed
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effect to the third regression the significance of the coefficient of the Post_CoCo variable
disappears. Therefore, it must be concluded that sufficient evidence of hypothesis 1 has
not been found for EC CoCos. This conclusion agrees with the previous two samples for
all CoCos and PW CoCos. Although hypothesis 1 cannot be confirmed on the basis of this
evidence, the coefficient of the Post_CoCo variable is still negative at 1.8% which aligns
with the proposed hypothesis 1. Comparing the Post_CoCo coefficients of the fourth re-
gressions in tables 5.7 and 5.8, it is possible that EC CoCos are more efficient at reducing
stock return volatility than PW CoCos despite the fact that this result is insignificant. The
adjusted R-squared of 0.614 is in line with the previous fourth regressions in the two
previous samples.

In summary, the results of the four regressions presented in table 5.8 are inconclusive,
however, the results of the third regression can be interpreted as EC CoCos being more
efficient at reducing stock return volatility than PW CoCos. This indicates that some
evidence in favor of hypothesis 3 has been found. Further, the third regression follows
the behavior predicted by hypothesis 1. Nonetheless, given that the significance of the
coefficient disappears when including both fixed effects in the fourth regression, it is not
possible to definitively confirm neither hypothesis 1 nor 3 for EC CoCos.

5.2.4 Low trigger level CoCos

Table 5.9 presents the results of four regressions in the sample where the independent
variable responds only to CoCo issuances with a low trigger level. The first column
disregards both the fixed effects terms, the second includes the year fixed effect, the third
includes bank-specific fixed effect, and the fourth includes both fixed effects.

In table 5.9 the first (no fixed effects) and second (year fixed effect) regressions (in the two
leftmost columns) have significant coefficients for all three independent variable. This
observation is similar to the ones made in tables 5.6, 5.7, and 5.8. Thus, the banks that
issued low trigger level CoCos generally had 5-6 percentage points lower stock return
volatility prior to issuance than the typical bank adjusted for control variables and year
fixed effects. Interestingly this estimate is lower than for CoCos in general as observed
in table 5.6 where the coefficients of the Pre_CoCo variable was around 7%. This could
indicate that of the banks that issue CoCos those with less volatile stock returns are more
likely to issue low trigger level CoCos. Turning to the coefficients of the Post_CoCo vari-
able, it is observed that the coefficients are significantly negative in line with hypothesis
1 (CoCos reduce volatility).
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TABLE 5.9: This table describes the results of the empirical tests in the four forms of equation 4.39
for the sample where the independent variables represent CoCo issuances with a low trigger level.
Regression results for each combination of fixed effects is shown by the columns. The coefficient
estimates and t-statistics (latter in parentheses) are listed in the rows. Asterisks indicate p-value
of t-test, where *, **, and *** indicate significance at 10%, 5%, and 1% respectively.

Sample: Low trigger level CoCos Volatility Volatility Volatility Volatility

Year fixed effect No Yes No Yes
Bank fixed effect No No Yes Yes

Pre_CoCo -0.053 -0.058 -0.024 -0.013
(-1.695)* (-1.833)* (-0.854) (-0.453)

CoCo -0.060 -0.057 -0.042 -0.016
(-1.978)** (-1.865)* (-1.496) (-0.57)

Post_CoCo -0.076 -0.072 -0.056 -0.018
(-4.626)*** (-4.227)*** (-2.462)** (-0.737)

Size 0.005 0.006 0.041 0.081
(1.718)* (1.797)* (1.577) (2.98)***

ROA -6.969 -6.869 -2.914 -2.797
(-13.029)*** (-12.874)*** (-5.796)*** (-5.741)***

Cost-income ratio -0.091 -0.093 -0.046 -0.048
(-5.214)*** (-5.344)*** (-2.215)** (-2.407)**

Total capital ratio -0.743 -0.663 -0.336 0.149
(-4.979)*** (-4.301)*** (-1.728)* (0.717)

Capital quality 0.068 0.068 0.147 0.192
(1.055) (1.06) (2.019)** (2.681)***

No. of observations 951 951 951 951
No. of banks 131 131 131 131
Adj. R-squared 0.247 0.258 0.585 0.613

The third and fourth regressions are presented in the two columns to the right. The third
includes bank-specific fixed effects and the fourth includes both bank-specific and year
fixed effects. The observations regarding hypotheses 1 and 2 are similar to the analysis of
the previous samples. I.e. the coefficients of the Pre_CoCo and CoCo variables are insignif-
icant which indicates that there is not sufficient evidence of a reverse causality problem.
Further, the third regression has a significantly negative coefficient the of Post_CoCo vari-
able at 5.6%. This finding supports hypothesis 1, however as with the previous sample,
this finding does not generalize to the fourth regression.

Consequently, the results of the four regressions presented in table 5.9 indicate that some
support for hypothesis 1 exists, however, the lack of sufficient and statistically significant
evidence from the fourth regression leads to the conclusion that neither hypothesis 1 nor
2 are confirmed. With respect to hypothesis 4, no conclusions can be made from table
5.9 given that low trigger level CoCos cannot be concluded to be significantly worse at
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decreasing stock return volatility relative to the sample containing all CoCos in table 5.6.

5.2.5 High trigger level CoCos

Table 5.10 presents the results of four regressions in the sample where the independent
variable responds only to CoCo issuances with a high trigger level. The first column
disregards both the fixed effects terms, the second includes the year fixed effect, the third
includes bank-specific fixed effect, and the fourth includes both fixed effects.

TABLE 5.10: This table describes the results of the empirical tests in the four forms of equation
4.39 for the sample where the independent variables represent CoCo issuances with a high trigger
level. Regression results for each combination of fixed effects is shown by the columns. The
coefficient estimates and t-statistics (latter in parentheses) are listed in the rows. Asterisks indicate
p-value of t-test, where *, **, and *** indicate significance at 10%, 5%, and 1% respectively.

Sample: High trigger level CoCos Volatility Volatility Volatility Volatility

Year fixed effect No Yes No Yes
Bank fixed effect No No Yes Yes

Pre_CoCo -0.076 -0.077 -0.046 -0.012
(-1.386) (-1.408) (-0.955) (-0.261)

CoCo -0.016 -0.012 0.008 0.048
(-0.304) (-0.225) (0.165) (1.021)

Post_CoCo -0.036 -0.029 -0.034 0.013
(-1.245) (-1.008) (-0.9) (0.337)

Size 0.004 0.004 0.044 0.08
(1.095) (1.183) (1.676)* (2.949)***

ROA -7.124 -6.969 -2.894 -2.781
(-13.176)*** (-12.921)*** (-5.741)*** (-5.714)***

Cost-income ratio -0.090 -0.092 -0.046 -0.048
(-5.087)*** (-5.237)*** (-2.197)** (-2.405)**

Total capital ratio -0.776 -0.653 -0.458 0.143
(-5.138)*** (-4.189)*** (-2.422)** (0.691)

Capital quality 0.075 0.078 0.142 0.2
(1.151) (1.207) (1.938)* (2.776)***

No. of observations 951 951 951 951
No. of banks 131 131 131 131
Adj. R-squared 0.229 0.242 0.583 0.614

With regards to the results of the regressions presented in table 5.10, a different overall
picture emerges from the ones observed in the other regressions. Namely that across
all four regressions the coefficients of the independent variables are insignificant. For
the first three regressions (in the three leftmost columns) the coefficient of the Post_CoCo
variable is negative at 3-4% in line with hypothesis 1, however, these coefficients are
insignificant. In the case of the fourth regression (in the rightmost column) the coefficient
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is positive at 1% but also insignificant. The fact that the Post_CoCo variable’s coefficients
are insignificant for all regressions contrasts the behavior expected from hypothesis 3
(higher trigger level leads to a larger decrease in stock return volatility). It was expected
that this sample would result in relatively more negative coefficients than in the sample
with low trigger CoCos in table 5.9.

A possible explanation of this dubious result could be that the sample size of the high
trigger level CoCos is insufficient to determine significance. An alternative explanation
could be that the characteristics of banks choosing to issue high trigger level CoCos are
different from those choosing to issue low trigger level CoCos. Some support of this
can be observed in the coefficient estimates of the Pre_CoCo variables in the regressions.
Here we observe the following estimates: -7.6%, -7.7%, -4.6%, and -1.2% for the four
regressions respectively. Compared to the corresponding coefficient estimates of the four
regressions in table 5.9 for low trigger level CoCos which are -5.3%, -5.8%, -2.4%, and
-1.3%, the Pre_CoCo coefficient estimates of high trigger level CoCos are generally higher.
This observation could be interpreted as less risky banks being more likely to issue high
trigger level CoCos. If this is the case, one could speculate that the issuance of low trigger
level CoCos would not necessarily lead to a greater decline in stock return volatility due
to the low probability that the bank would end up in a state where principal write-down
or equity conversion is relevant. Given the study design of this analysis, no conclusions
with respect to these speculations can be made. Nevertheless, these as well as the results
of the other samples will be discussed further in section 6.

Altogether, the results of four regressions presented in table 5.10 are relatively more in-
conclusive with respect to hypothesis 1, 2, and 4. That being stated, the coefficient esti-
mates for the Post_CoCo variables in the first three regressions align with the relationship
proposed in hypothesis 1 albeit being insignificant.

5.3 Model control

In addition to analyzing the results of the various regressions, it is important to consider
whether the underlying assumptions of the models and hypothesis tests are fulfilled.
The reason is that violating these assumptions may lead to inaccurate estimation and
testing, thereby resulting in faulty conclusions. The assumptions underlying the chosen
methodology were described in section 4.4. In the following section, four assumptions
are assessed for a single regression from the analysis. Presenting such an analyses for
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all 50 regressions is impractical, however, generalized conclusions for all 20 primary re-
gressions will be presented. The regression which is specifically assessed in this section
is the fourth primary regression for the set of independent variables responding to all
CoCo issuances regardless of loss absorption mechanism and trigger level (the rightmost
column of table 5.6). The four assumptions that will be considered are (1) correctly spec-
ified model (2), independent residuals, (3) normally distributed residuals with a mean of
zero, and (4) homoscedasticity in residuals. The first assumption is broadly based on the
assumption of linearity and strict exogeneity. The assumptions presented in section 4.4
were expressed in terms of the error terms of the model, but since these are unobservable,
the assumptions are assessed based on the observed residuals.

5.3.1 Correctly specified model

FIGURE 5.1: Residuals plotted against actual volatilities of the fourth (rightmost) regression in
table 5.6 for all CoCos including both fixed effects.

To assess whether the model is correctly specified a plot of residuals against actual val-
ues is considered in figure 5.1. In the figure, it can be observed that for actual volatilities
below ~50% residuals generally have a constant variance with a tendency for the larger
residuals to be negative. This observation supports the underlying assumption, however,
for actual volatilities above ~50% the variance of residuals increases and the residuals
tend to be positive. This positive linear trend in residuals for high actual volatilities is ev-
idence of a misspecified model which could for example be caused by omitted variables
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or non-linear relationships. To further test whether this is caused by non-linear relation-
ships, volatility should be regressed by each of the independent variables. The fact that
most observations of volatility are below ~50% where the residuals seem to distributed
according to the assumption should be considered, however, the concern of the model
being significantly misspecified remains. Thus, it is concluded that there is a significant
risk that the model is misspecified.

5.3.2 Independent residuals

FIGURE 5.2: Residuals plotted against lagged residuals of the fourth (rightmost) regression in
table 5.6 for all CoCos including both fixed effects.

According to the assumption of strict exogeneity, the residuals must be independent.
To assess whether the residuals are independent, a plot of residuals against one-period
lagged residuals is considered in figure 5.2. In the figure, it can be seen that no discernible
trends or patterns are present. This observation is evidence that residuals are indepen-
dent of the previous residual. If there had been a form of dependence between residuals,
it would likely have shown up on the plot as a trend or pattern. Thus, it is concluded that
there is no immediately observable evidence to contradict the independence of residuals.

5.3.3 Normally distributed residuals with a mean of zero

Normally distributed residuals are a desirable property of the regressions since it is an
assumption in applying the chosen hypothesis testing methodology. This assumption is
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assessed graphically in figure 5.3 which shows a histogram of residuals. The distribution
in figure 5.3 could be argued to resemble a normal distribution with a mean of zero, but
it could also be argued that the distribution is leptokurtic (kurtosis > 3). The Jarque-
Bera test statistic (Jarque and Bera, 1980) of the regression1 rejects that the distribution is
normally distributed.

FIGURE 5.3: Histogram of residuals of the fourth (rightmost) regression in table 5.6 for all CoCos
including both fixed effects.

It is concluded that the residuals are not normally distributed due to fat tails, but does
somewhat resemble a normal distribution. The leptokurtic distribution may bias the re-
sults of the significance tests of the coefficients, and this observation must therefore be
considered with regards to the reliability of these tests.

5.3.4 Homoscedasticity

In addition to the assumption that residuals are normally distributed, it is also assumed
that the residuals are homoscedastic. I.e. that the variance of residuals is constant and
not a function of the explanatory variables. One way to assess whether the data is ho-
moscedastic is to plot the residuals against the predicted volatilities. This plot is pre-
sented in figure 5.4.

1Jarque-Bera test statistic is 11627 which has a p-value less than 1%.
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FIGURE 5.4: Residuals plotted against predicted values of the fourth (rightmost) regression in
table 5.6 for all CoCos including both fixed effects.

It is clear from the figure that the variance of the residuals increases considerably when
the predicted volatility is higher. When predicted volatility is less than ~40%, the variance
in the residuals seems relatively constant, and when the predicted volatility is higher than
~40%, the variance increases significantly. This is evidence of heteroscedasticity which
violates the assumptions for the estimation and significance tests of the coefficients. Fur-
ther, it also indicates that the residuals are not identically distributed as discussed previ-
ously. Heteroscedasticity can be caused by an incorrectly specified model which might be
the cause in this case. It was concluded from figure 5.1 that residuals tend towards being
positive for high levels of actual volatility which indicates that the model underestimates
volatility in cases of extreme actual volatility. It is likely that the some the extreme actual
volatility is caused by idiosyncratic factors not captured by the independent or control
variables. Examples of such idiosyncratic factors include litigation, regulatory actions,
fraud, etc. However, it could also be the case that readily available but omitted variables
could explain some of this extreme volatility.

It should be noted that the majority of residuals are for observations with predicted
volatilities below ~40%. This eases concerns regarding heteroscedasticity since only a few
residuals will have higher variance, but is not sufficient to disregard the concern. There-
fore, this violation of the assumptions will be considered when evaluating the reliability
of the findings of the analysis. Possible mitigants include altering the model specification
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or transforming the dependent variable, but these have not been implemented or tested
in this analysis.

5.3.5 Conclusion and generalization

The conclusions presented above regarding the underlying assumptions of the statistical
model can be generalized across most of the regressions in section 5.2 (results not shown).
I.e. the identified concerns are not specific to the one regression that was assessed.

Taking into account the significant violations of the assumptions and the persistence of
these problems across most of the presented regressions, it is obvious that thoughtful
consideration must be given to the reliability of the results. Therefore, the interpreta-
tion of results which will be presented in section 6, has been highly influenced by these
concerns and has been based on a conservative approach.

The identified concerns have the potential to bias the estimation of coefficients and testing
of hypotheses which may lead to faulty conclusions. For example if the model is misspec-
ified one could reasonably expect excess variance which could lead to inflated p-values
and therefore a faulty dismissal of an alternative hypothesis. It is not clear in which way
these assumption violations may bias the conclusions. For example it is not possible to
say that the biases underestimates or overestimates the effects proposed in hypothesis
1. Thus, it could be argued that the stated results of the analysis either underestimates
or overestimates the causal effects in the proposed hypotheses. This implication will be
discussed further in section 6. In addition, possible avenues for solving the statistical
problems will be discussed.
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6 Discussion

6.1 Summary of results and interpretation

Section 5.1 described the results of the empirical analysis of whether asset risk-shifting
occurs. None of the Post_CoCo indicator variables had significant effects on the risk
metrics except in a few isolated cases. On balance it was therefore concluded that the
concern regarding asset risk-shifting could be dismissed. The dismissal of this concern
was paramount in conducting the primary empirical analysis, since significant asset risk-
shifting could potentially interfere with stock return volatility.

Dismissing the concern of asset risk-shifting with respect to interference with the primary
empirical analysis is not equivalent to definitively concluding that asset risk-shifting
does not occur. To make the latter conclusion more attention would have to be put
on this question specifically. The inclusion of the asset risk-shifting diagnostic analysis
solely had the purpose of validating the causal relationship between CoCo issuance and
stock return volatility which was explored separately in the primary empirical analysis.
Nonetheless, the results of the diagnostic analysis indicate that either asset risk-shifting
does not occur or the effects hereof are negligible.

The results of the primary empirical analysis presented in section 5.2 had the purpose
of determining whether CoCos are going concern capital. To answer this question two
hypotheses were presented in section 4.1.4, namely hypothesis 1 and 2. Hypothesis 1
proposed that stock return volatility should decrease after issuance of CoCos subject to
the markets perception of the likelihood and magnitude of write-down or conversion
being sufficiently high. Hypothesis 2 predicted the reverse effect, if the perception of the
likelihood and magnitude of write-down or conversion was sufficiently low. The implied
causal relationship by hypothesis 1 is congruent with the interpretation that CoCos are
indeed going concern capital while the interpretation is reversed for hypothesis 2. Thus,
if the evidence presented in section 4.3.2 is sufficient to support hypothesis 1, then it
could be argued that markets perceive and expect a timely write-down or conversion of
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CoCos prior to bankruptcy, and consequently this finding would be interpreted in favor
of CoCos being going concern capital.

To address hypothesis 1 and 2, the results of interest were presented in table 4.5, in which
the Post_CoCo variable responded to all CoCo issuances. The simpler model specifica-
tions (three leftmost columns) exhibited significantly negative coefficients of the Post_CoCo
term. In isolation, these findings unilaterally support hypothesis 1. More specifically, the
fact that the coefficients of interest were significantly negative means that generally stock
return volatility is reduced by 4-8% adjusted for control variables as well as bank-specific
or year fixed effects1. The mathematical model can be used to interpret this result if it
is assumed that the underlying assumptions are upheld: Since stock return volatility is
reduced, it must be the case that the market perception of the likelihood and magnitude
of write-down or conversion of the CoCos is sufficiently high. In other words, these
findings confirm that it is likely that CoCos are going concern capital.

The aforementioned interpretation rests on considering the simpler model specifications
in isolation. However, the more complex model specification which includes both bank-
specific and year fixed effects yields different results and thereby also a different inter-
pretation. Here the coefficient of the Post_CoCo was insignificant. Based on this find-
ing, it could be argued that the aforementioned interpretation of the simpler regression
models is invalidated. The loss of significance when including both fixed effects can be
interpreted to mean that the simpler model specifications are incomplete and affected by
confounding variables. For example, if a causal effect as proposed by hypothesis 1 does
not exist, and stock return volatility can be described by the control variables and fixed
effects, then it is to be expected that the coefficients lose significance when including all
relevant control variables and fixed effects. If this is the case, then the reason that the
simpler models yield significant results could be that the excluded variables are corre-
lated with the Post_CoCo variable. On the other hand, it could also be argued that the
loss of significance could be caused by overspecification in the complex model. If this is
the case, then a significant causal effect of issuing CoCos on stock return volatility might
be present but unidentifiable due to losing estimation precision and testing power in the
complex model.

In all four models, despite the lack of significance in the complex model, the coefficient
of the Post_CoCo variable was negative which indicates that if one of the two hypothesis
are correct hypothesis 1 is more likely to be correct. However, owing to the result of the

1Note that this finding does not include the regression where the model specification includes both fixed
effects in the same regression.
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complex model, it might be the case that neither of the two hypotheses are true. This
would be case if CoCos have no effect on stock return volatility. On balance, it does
not seem prudent to conclude that hypothesis 1 can be confirmed. However, it should be
noted that some evidence exists in favor of hypothesis 1 which leaves open the possibility
of CoCos being going concern capital.

In addition to the first two hypotheses, two secondary hypotheses were outlined with
the purpose of shedding light on whether certain characteristics of CoCos impact the
proposed causal relationships in hypothesis 1 and 2. More specifically hypothesis 3 pro-
posed that EC CoCos are superior in reducing stock return volatility in line with previous
findings by Fiordelisi, Pennacchi, and Ricci (2020). Further, hypothesis 4 proposed that
high trigger level CoCos are superior in reducing stock return volatility. Given that the
empirical findings do not unconditionally support neither hypothesis 1 nor 2, it could
be argued that the questions raised by hypothesis 3 and 4 are moot. However, interpret-
ing the coefficients could still be valuable to make informed guesses with respect to the
effectiveness of the different characteristics. In addition, it could also be the case that
statistically significant findings would appear in a more specialized sample where the
causal effects are not watered down by inefficient CoCo types.

With respect to hypothesis 3, the results of the two sets of regressions in tables 5.7 and 5.8
were analyzed. Interestingly, for EC CoCos in the first two regressions (no fixed effects
and year fixed effect) the Pre_CoCo coefficients were insignificant while they were signifi-
cantly negative for PW CoCos. This result was speculated to mean that PW CoCo issuing
banks generally have lower stock return volatility prior to issuing CoCos relative to EC
CoCo issuing banks. This speculation could be interpreted to mean that banks with rela-
tively lower stock return volatility are more inclined to issue PW CoCos and vice versa.
This interpretation is not within the scope of the hypothesis but interesting nonetheless.
It could further be speculated that banks with higher stock return volatility have more
risky assets and are more prone to having their CoCos converted. Debt investors could
therefore be more inclined to offer competitive rates to issuers if they share in the upside
rather than lose a fixed percentage of their principal. This speculation could manifest on
comparative basis in the yields of EC CoCos being more attractive than for PW CoCos
for banks with higher stock return volatility, thereby leading to high risk issuers to prefer
EC CoCos. For the third and fourth regressions of both EC and PW CoCos which were
both controlled for bank-specific fixed effects, the Pre_CoCo coefficients were insignifi-
cant. This result alleviates the endogeneity concern but also makes sense relative to the
aforementioned interpretation.
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Turning to the proposed superiority of EC CoCos in hypothesis 3, it was observed from
the regressions that were not controlled for bank-specific fixed effects (two leftmost col-
umns) in tables 5.7 and 5.8 that the Post_CoCo coefficients were significantly negative for
PW CoCos, but insignificant for EC CoCos. Taking into account the speculation regarding
the pre-issuance volatility, it is not prudent to interpret these regressions in an isolated
matter. The reason is that if PW CoCo issuing banks have less stock return volatility prior
to issuing and bank-specific fixed effects are not included, then the significant coefficient
may be caused by the fact that the bank is just generally less risky than the EC CoCo
issuing bank.

The Post_CoCo coefficient of the third regression including bank-specific fixed effects for
EC and PW CoCos are considered. Here it is observed that the coefficient for PW CoCos
is insignificant, but negative while for EC CoCos the coefficient is significantly negative.
This observation supports hypothesis 3 which states that EC CoCos should lead to a
more negative decline in stock return volatility than PW CoCos. Bearing in mind that
the statistical methodology does not directly compare the coefficients of the two sets of
regressions, it cannot statistically be concluded that the potential negative effect on stock
return volatility for EC CoCos is definitively greater than that of PW CoCos. However,
given that this finding does seem to align with hypothesis 3, it is argued that the findings
can be interpreted to indicate that EC CoCos are superior to PW CoCos. As for the first
two hypotheses, the fourth regression (rightmost) including both fixed effects must be
considered. Firstly, both coefficients are insignificant for EC and PW CoCos, and there-
fore there does not seem to be statistical evidence of a causal effect between issuing either
EC or PW CoCos on stock return volatility. As argued earlier this does not necessarily
lead to a dismissal of hypothesis 1 or 2 for EC or PW CoCos individually although the
finding does give rise to questions as to whether either type of CoCo is effective at all.
Nonetheless, on a comparative basis EC CoCos do also exhibit superior behavior by hav-
ing a coefficient which is more negative than that of PW CoCos. In the section 6, it will
be discussed how this finding relates to existing literature.

As for hypothesis 4 which sought to determine whether a high trigger level is superior
to a low trigger level, the results were puzzling. Intuitively, hypothesis 4 was formulated
based on the assumption that a higher trigger level would be more likely to be written
down or be converted and therefore have a higher effect on the stock return volatility.
However, when comparing tables 5.9 and 5.10 the opposite relationship is apparent. For
the third regressions, low trigger level CoCos seem to lead to a significant decrease in
volatility while for high trigger level CoCos, the effect is insignificant. Thus, it could be
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argued that these findings should lead to a dismissal of hypothesis 4 in favor of the alter-
nate interpretation, namely that low trigger level CoCos are superior. However, as with
the previous interpretations, the fourth regression including both fixed effects must be
considered. Here the Post_CoCo coefficient is insignificant for both high and low trigger
levels leading to the conclusion that it neither possible to accept nor dismiss hypothesis
4.

6.2 Relations to previous research

The aforementioned findings will now be analyzed in the context of the findings of re-
lated academic literature.

As for the asset risk-shifting diagnostic analysis, it was concluded that there were no
significant evidence for asset risk-shifting as a result of issuing CoCos. This finding is
congruent with the empirical findings of Fiordelisi, Pennacchi, and Ricci (2020). How-
ever, the result does not confirm the significant concerns regarding asset risk-shifting
presented by other researchers (Hori and Ceron, 2016; Chan and Van Wijnbergen, 2016;
Koziol and Lawrenz, 2012).

With respect to hypotheses 1 and 2 some evidence in favor of hypothesis 1 was found. I.e.
investors perceive that CoCos are somewhat likely to convert in times of distress. This
finding broadly aligns with Fiordelisi, Pennacchi, and Ricci (2020) who find that CoCos
are generally perceived as being going concern capital. Further, research on the effect
of CoCos on CDS spread indicates that they may reduce the probability of bankruptcy
which could also be a result of investors perceiving CoCos as being going concern capital
(Avdjiev et al., 2015). As noted earlier and since the complex model did not produce
significant coefficients, it could not definitively be concluded that CoCos are perceived
as going concern capital. This finding indicates that CoCos in general may be ineffective.
If the results are interpreted in this manner, they disagree with the findings of Fiordelisi,
Pennacchi, and Ricci (2020).

Fiordelisi, Pennacchi, and Ricci (2020) show that recent regulatory actions have nega-
tively affected investors’ perception of the probability of a conversion. If this finding is
correct, then it could be a contributing factor to the inconclusive results for all hypothe-
ses. Further, since the underlying data of the presented analysis includes more recent
years (2012-2019) than the study by Fiordelisi, Pennacchi, and Ricci (2020) (2011-2017),
it could be argued that this effect could have had a disproportionate effects on results
relative to their study.
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For hypothesis 3, it was found that some evidence pointed to EC CoCos being perceived
as more likely to convert in times of distress. This indicative result is similar to the results
of Fiordelisi, Pennacchi, and Ricci (2020) who find that EC CoCos are perceived as being
more likely to convert than PW CoCos. The presented evidence also aligns with research
on the effect of CoCo issuance on CDS spreads. Studies have shown that EC CoCos are
more effective at decreasing the CDS spread of a bank’s debt indicating that EC CoCos
might lead to a lower probability of bankruptcy relative to PW CoCos (Avdjiev et al.,
2020). It could be argued that the cause for the superiority of EC CoCos in this respect is
caused by investors’ perception that EC CoCos are more likely to trigger prior to default
thereby reducing bankruptcy risk. It should be noted that the analysis presented herein
did not lead to a definitive confirmation of hypothesis 3. Therefore, it cannot be said that
the results corroborate the aforementioned literature related to CDS spreads.

With respect to hypothesis 4, it was found that high trigger level CoCos did not lead to a
larger decrease in stock return volatility as predicted. As noted this result could poten-
tially be interpreted as low trigger level CoCos being superior which does not align with
the recommendations and reasoning of some researchers. More specifically, researchers
have recommended higher trigger level CoCos based on the argument that these would
be more likely to trigger (Derksen, Spreij, and Wijnbergen, 2018; Goncharenko, 2017). In-
tuitively, it should then be expected that the empirical findings presented herein should
align with hypothesis 4 which cannot be said to be true. As before, it should be noted
that the complex model yielded no significant results in favor of a confirmation or dis-
missal of the hypothesis, and as such the results are not in direct disagreement with the
recommendations, but does not confirm the reasoning either.

6.3 Reliability of results

The reliability of results was assessed from a model control perspective in section 5.3.
Here it was concluded that several concerns regarding the underlying assumptions of the
OLS estimation and testing procedure exist. More specifically, it was concluded that the
model showed signs of misspecification, the residuals exhibited heteroscedasticity, were
not normally distributed, nor identically distributed. In essence, the existence of these
violations calls into question the reliability of results. If the violations are significant,
they may lead to biased model estimations and erroneous test results which ultimately
may lead to faulty conclusions and interpretations.
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On the other hand, it could be argued that the estimation and testing results are gener-
ally robust to some violations. In general, eliminating such concerns completely is rarely
feasible. Further, the estimation and testing procedure and related conclusions are gen-
erally robust to modest violations of the assumptions. However, it cannot be ruled out
that the violations can have affected the results and thereby led to faulty conclusions. All
things considered, it does not seem prudent to dismiss these concern entirely. Thus, these
concerns could be explored further by future research.

The reliability of results is also affected in a broader sense by the underlying assumptions
regarding the chosen methodology. For instance, it was assumed that no other effects
act upon stock return volatility than the effects captured by the independent variables.
From the analysis it is clear that some significant coefficients are not robust to all four
model specifications which implies that it is probable that at least the simpler regressions
exclude important variables. This begs the question whether the most complex model
also omits important variables. If this is the case, then the model is misspecified which
impacts the reliability of results.

Other concerns that may affect the reliability of results is the question of endogeneity.
I.e. whether the dependent variable affects the independent variables. It was attempted
to dismiss this concern through the asset risk-shifting diagnostic analysis presented in
section 4.3.1. It was not concluded that significant asset risk-shifting occurs, however, it
cannot be ruled out that the issuance of CoCos affect risk through other avenues than the
measured risk proxies. For example, it could be the case that the issuance of CoCos lead
to less risky behavior by management which may bias results. Such an effect is hard to
measure, and undoubtedly calls into question the reliability of results.

In conclusion, it is prudent to highlight that the combination of the presented concerns
poses a significant threat to the reliability of results. Accordingly, this should be taken
into account when interpreting the results of this analysis.

6.4 Potential improvements and further research

As mentioned in section 6.1, the design of the asset risk-shifting diagnostic analysis was
intended solely to dismiss potential concerns regarding stock return volatility interfer-
ence. Therefore, the diagnostic analysis does not conclude that asset risk-shifting does
or does not occur. Although this methodological choice was made for the purposes of
answering this study’s hypothesis, it would be interesting to explore this question fur-
ther. As noted in section 6.2 some empirical results concur with the indicative of the asset
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risk-shifting analysis presented in this work. Clearly, a consensus has yet to be reached.
If future research were to back up the dismissal of the asset risk-shifting concern, the
reliability of results of the primary findings of this work would improve and vice versa.

With respect to the primary purpose of the analysis, i.e. hypotheses 1-4, some potential
improvements to the analysis will be proposed in the following. Firstly, as more and more
CoCos are being issued, more data will become available for empirical analysis which
implies that repeating similar analyses may yield a better understanding of the causal
effects of issuing CoCos. The presented analysis was based on a larger data set than
Fiordelisi, Pennacchi, and Ricci (2020) both in terms of breadth and depth (more banks
and longer timeline). In the same vein, future research into the effectiveness of CoCos
could seek to expand the sample which could lead to improved reliability of results and
alternate conclusions.

In attempting to answer hypothesis 1 and 2, a number of concerns were highlighted.
Firstly, the reliability of the findings was questioned due to the described problems in
section 5.3. It was shown that some of the underlying assumptions in applying OLS
estimation and test procedure was violated. Secondly, it is never certain that the cho-
sen model specification is correct which means that important variables may have been
excluded. Thirdly, an abundance of methodological choices with respect to e.g. data
processing have been made which may have given rise to faulty conclusions. Lastly, the
methodological approach as a whole, i.e. measuring stock return volatility as a function
of CoCo issuance, may not be sufficient to determine whether CoCos are going concern
capital.

Given the importance of the underlying question, it seems clear that multiple avenues for
further research may improve upon this work and other existing literature. With respect
to the underlying assumptions, future research could explore whether different estima-
tion methods and testing procedures can be employed. For example, it would be interest-
ing to explore whether robust regressions refute these results which would indicate that
outliers may have influenced the presented results. Further, alternative data processing
procedures could be explored which may also alleviate the concern regarding violated
assumptions through for example log transformations. In addition, alternative model
specifications could be explored to ensure that the model is not misspecified. For exam-
ple, further research into model specification could reveal confounding variables, non-
linear relationships, or overfitting. Lastly, alternate methodological approaches should
also be tested given the limited performance history of the applied methodology.
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Hypotheses 3 and 4 sought to shed light on whether EC or PW CoCos and a high or low
trigger level is preferable. Exploring the proposed relationships implied by these sec-
ondary hypotheses was attempted using the same framework as for hypotheses 1 and 2.
However, given that the statistical tests and methodological framework was not directly
based on answering these questions, no definitive answers could be given. Therefore, fu-
ture research may explore the questions regarding the efficiency of different CoCo design
choices further using new approaches.

6.5 Implications

In light of the inconclusive results and the interpretation hereof, no clear-cut practical
implications arise. However, as discussed previously it cannot be ruled out that CoCos
function as going concern capital. In fact, some evidence from the empirical analysis sup-
port this, despite the inconclusive results of the complex regression model specification.

Since it is not clear from the findings that CoCos are perceived as going concern capital,
the merits of CoCos must be questioned. In themselves CoCos may offer acceptable risk
trade-offs to both issuers and investors. The rise in popularity of CoCos may be driven by
an increased demand for such products from both issuers and investors. If this is the case,
then there is no immediate concern regarding the merits of the product itself. However,
if there is uncertainty with respect to the defining characteristic of the security, i.e. the
principal write-down or equity conversion component, then it could be argued that the
product is opaque. Further, if uncertainty exists, then changing market perceptions of
the probability and magnitude of loss absorption may lead to instability in the capital
structure of the issuing banks which may manifest in the broader financial system.

As argued earlier in section 2.2, the rise of CoCos has been driven by regulatory changes
allowing CoCos to be classified as AT1 capital. These regulatory changes have been made
on the assumption that CoCos are going concern capital, reduce the risk of bankruptcy,
and increase the stability of the financial sector. In this light, the findings of the pre-
sented empirical analysis call into question whether CoCos should be classified as AT1
capital. Thus, it could be argued that regulators should reassess whether CoCos should
be considered AT1 capital. Further, since the findings indicate that EC CoCos might be
perceived as more likely to convert, it could be argued that all PW CoCos should be
relegated to tier 2 capital.

Bearing in mind that the findings of the empirical analysis are inconclusive it must be
reiterated that further research into the matter is warranted. The need for further research
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is only exacerbated by the fact that the number of CoCo issuances has been increasing
rapidly and is becoming an increasingly important part of the global financial system
(see figure 2.4).
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7 Conclusion

CoCos have been promised to aid in stabilizing the financial system and prevent the need
for government intervention in the event of a crisis. This is a welcome promise, as gov-
ernment intervention in the financial system in the midst of a crisis is highly complex
and costly to taxpayers (Avdjiev et al., 2015). Further, the importance of CoCos has in-
creased significantly as highlighted by their regulatory standing and outstanding value
worldwide.

However, prevailing CoCo designs differ markedly from how they were initially pro-
posed which begs the question of whether CoCos are indeed effective remedies. This
study have sought to answer the more specific question of whether investors believe that
CoCos will be written down or converted prior to bankruptcy. Thus, the study attempts
to determine whether CoCos are going concern capital.

Four distinct hypotheses were presented of which two were based on the theoretical
model developed by Fiordelisi, Pennacchi, and Ricci (2020) and one regarding the ef-
fect of trigger level was introduced. The hypotheses were tested using a dynamic panel
data model that employed data for major, listed European banks. The data set consisted
of 951 bank-year observations and 120 CoCo issuances from 2012 to 2019.

The results indicated that CoCos regardless of loss absorption mechanism and trigger
level might be considered going concern capital by investors. Further, some evidence
supported the notion that EC CoCos are considered to be more likely to convert by in-
vestors than PW CoCos. The results of the tests of whether high trigger levels CoCos are
considered more likely to convert were surprising. More specifically, some evidence sup-
ported the interpretation that lower trigger level CoCos are considered more likely to be
written down/convert by investors. This is result stood in contrast to the hypothesized
relationship.

However, these findings were not robust to inclusion of a year fixed effect. Accordingly,
it cannot be concluded that CoCos are going concern capital and that EC CoCos are su-
perior. Conversely, the opposite cannot be confirmed either. Further, a number of issues
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and concerns regarding the reliability of results were presented. These issues and con-
cerns could have biased the findings and should therefore be considered in conjunction
with the presented conclusions.

This study contributes to the existing literature by investigating whether CoCos are per-
ceived as being going concern capital by investors and by expanding upon analyses
presented by Fiordelisi, Pennacchi, and Ricci (2020). More specifically, the core model
specification was altered and a robustness check of the chosen model specification was
implemented. Further, the approach was applied to a broader and deeper data set (more
banks and longer timeline). In addition, the study presented a novel combination of the
existing methodology and the hypothesis regarding the effect of the CoCo trigger level.

Based on the presented findings, it is recommended that researchers and regulators crit-
ically reassess whether CoCos should be considered going concern capital and classified
as AT1 capital. Hence, it seems prudent to encourage further research into the matter of
whether CoCos are going concern capital.
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