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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.



(3)ii



Contents


Abstract i


1 Introduction 1


1.1 Motivation . . . . 1


1.2 Problem statement and approach . . . . 2


2 A primer on CoCos 3
 2.1 Introduction to CoCos . . . . 3


2.2 Historical context . . . . 8


3 Literature review 10
 3.1 The role and justification of CoCos . . . . 10


3.2 The design of CoCos . . . . 11


3.3 Risk-shifting effects of CoCos . . . . 14


3.4 The going concern discussion . . . . 15


3.5 Other impacts of CoCos . . . . 18


4 Methodology 20
 4.1 Mathematical models . . . . 20


4.2 Data . . . . 32


4.3 Statistical models . . . . 39


4.4 Estimation and testing . . . . 43


5 Analysis 48
 5.1 Asset risk-shifting diagnostic analysis . . . . 48


5.2 Primary empirical analysis . . . . 53


5.3 Model control . . . . 62


6 Discussion 68
 6.1 Summary of results and interpretation . . . . 68


6.2 Relations to previous research . . . . 72


6.3 Reliability of results . . . . 73


6.4 Potential improvements and further research . . . . 74


6.5 Implications . . . . 76


7 Conclusion 78


Bibliography 80



(4)1



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?


Section2is intended to give the reader a baseline understanding of CoCos, while section
3reviews 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 section4. The results of the
empirical analyses are presented in section5. 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 section3will 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).


Figure2.1 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.


FIGURE2.1: 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



(9)Chapter 2. A primer on CoCos 6
 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 section3. 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).


Figure2.2illustrates 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
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 FIGURE2.2: Illustration of capital requirements as percent of RWA under CRD IV/CRR. Source:


Adaptation of figure from (Grinderslev and Kristiansen,2017).


Figure2.3illustrates 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.


FIGURE2.3: 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).


Figure2.4depicts 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 figure2.5. 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 section4.2for details on source, sample, data processing, and exclusions. Source: Bloomberg.


FIGURE2.5: 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
section4.2for 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 section2, 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).
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 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 figure2.4). 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 section3.1. 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 figure2.4)
 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 section3.2 apply to
 the going concern discussion as well. Firstly, in section3.2.1it was noted that researchers
 generally favor EC CoCos due to their dilutive effect on equity. Secondly, it was described
 in section3.2.2that accounting-based triggers are slower to adjust, prone to arbitrage,
 backwards-looking in nature, subject to political pressure, and prone to manipulation.


Thirdly, in section3.2.3it 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-
 tion3.5). 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
 aYear X Countryfixed 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).



(23)20



4 Methodology


Firstly, in section4.1, 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 section4.2. Thirdly, the statistical models that are em-
 ployed to test the hypotheses are presented in section4.3. Lastly, the chosen statistical
 methodology for testing the estimated models are presented in section4.4.



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
 section4.1.1. 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 sections4.1.2and4.1.3respectively. Lastly, on the basis of the presented
 mathematical models, hypotheses are presented in section4.1.4.


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 isrf such that 1+rf = Rf.


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
 denoteddandu, and we assume that the asset return satisfies the constraintsd<Rf <u.


With probabilitypthe bank ends up in stateuand with probability(1−p)in stated.
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 Assuming complete markets, the value of the bank’s assets at timetis given by the dis-
 counted expected value of the bank’s assets: At = Eˆt[At+1]/Rf. By decomposing this
 expression, the risk-neutral probabilities (RNP) can be found:


At= Eˆt[At+1]
 Rf


= pˆ×Au,t+1+ (1−pˆ)×Ad,t+1


Rf


= pˆ×At×u+ (1−pˆ)×At×d
 Rf


⇒ pˆ = Rf −d


u−d and (1−pˆ) = u−Rf
 u−d


(4.1)


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


A2=











u2A0 with RNP pˆ2


udA0 with RNP 2 ˆp(1−pˆ)
 d2A0 with RNP (1−pˆ)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 theu2 andudstates). 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 thed2state). Due to deposits being risky, the promised deposit rate (rD)
 exceeds the default-free interest rate (rf) such that the promised return to depositors is:


(1+rD) =RD > Rf. Thus, the promised payment to depositors isD0R2D.


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 =Eˆ0[D2]/R2f. Using the the outcomes
 forA2 in equation4.2, the payoff to depositors must equalmin[D0R2,A2]. Discounting
 these RNP weighted outcomes at the risk-free rate gives the following expression:


D0 = pˆ


2×min[D0R2D,u2A0] +2 ˆp(1−pˆ)min[D0R2D,udA0] + (1−pˆ)2min[D0R2D,d2A0]
 R2f


(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 withd2A0. In the states where the bank’s assets have high returns
 in both periods or one period (u2orud), the depositors get their promised paymentD0R2D.
 The implication of this assumption is expressed as follows:


d2A0 <D0R2f (1)
 udA0 >D0R2D


u2A0 >D0RD


(4.4)


The inequalities in4.4are applied to equation4.3which gives:


D0= D0R


2D(pˆ2+2 ˆp(1−pˆ)) + (1−pˆ)2d2A0


R2f (4.5)


Solving equation4.5 forR2D and introducing the deposits to equity ratio ofl0 = D0/E0
 which implies thatA0/D0=1+1/l0:


R2D = D0R


2


f −(1−pˆ)2d2A0
 D0(pˆ2+2 ˆp(1−pˆ))


= R


2f −(1−pˆ)2d2(1+l1


0)
 ˆ


p2+2 ˆp(1−pˆ)


(4.6)


From equation4.6, we see that the fair deposit rate,rD =
 q


R2D−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 equation4.4is divided by the termD0×d2:
 d2A0


D0×d2 < D0R


2f


D0×d2
 D0+E0


D0 < R


2
 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 equation4.4 can be re-written by inserting equation 4.6 and
 dividing both sides byD0+E0. Then the equation is solved for DD0


0+E0:
 ud>


D0


D0+E0R2f −(1−pˆ)2d2
 ˆ


p2+2 ˆp(1−pˆ)
 ud×(pˆ2+2 ˆp(1−pˆ)) + (1−pˆ)2d2


R2f > 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:


R2f


d×(u[pˆ2+2 ˆp(1−pˆ)] +d(1−pˆ)2 < A0
 D0


< R


2f


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 =Eˆ0[E2]/R2f.
 Under the leverage constraint in equation4.8, 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−D0R2D with RNP pˆ2


udA0−D0R2D with RNP 2 ˆp(1−pˆ)
 0 with RNP (1−pˆ)2


(4.10)


Dividing equation4.11byE0gives the return distribution of equity:


E2
 E0 =











u2(1+l0)−l0R2D with RNP pˆ2


ud(1+l0)−l0R2D with RNP 2 ˆp(1−pˆ)
 0 with RNP (1−pˆ)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,EuandEdcan 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= Eˆ1[E2|u0,1]
 Rf = puˆ


2A0+ (1−pˆ)udA0−D0R2D


Rf (4.12)
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Ed = Eˆ1[E2|d0,1]


Rf = pˆ(udA0−D0R2D)


Rf (4.13)


Dividing equation4.12and4.13by E0and combining in one expression gives the bino-
 mial return distribution of equity at date one:


E1
 E0 =











ˆ


pu2(1+l0)+(1−pˆ)ud(1+l0)−l0R2D


Rf with RNP pˆ


ˆ


p(ud(1+l0)−l0R2D)


Rf with RNP (1−pˆ) (4.14)
 In summary, the mathematical model can by characterized by the binomial distribution
 of asset values in equation4.2and of equity returns at date one and two in equations4.14
 and4.11, the fair promised deposit return in equation4.6, and the leverage constraint
 implied by initial assumptions regarding occurrence of default given by equation4.9.


The most salient observation from the two-period model is that the range of the distribu-
 tion of payoffs to equity, EE2


0, is a strictly increasing function of leverage. This is evident
 from the fact that the term u2(1+l0)−l0R2D 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 ofC0 and a fair promised return of RC. The
 promised payment to the CoCos is thenC0R2C at date 2. Thus, the balance sheet of the
 bank isA∗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 = R2fD0 which means that the
 value of the CoCos are given by:


C0 = R


2fD0


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 section4.1.3, the effects of equity conversion CoCos are identical under certain
 assumptions.


As stated in section2.1, the intention of regulators is that CoCos should be written down,
 however section3.4shed 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 becomeswC0with promised payment ofwC0R2C.


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:


CdPW = pˆ


×min[wC0R2C,duA0∗−D0R2f]


Rf (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:


CdNPW = pˆ×min[C0R2C,duA0∗−D0R2f]


Rf (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= pˆ×min[C0R2C,u2A∗0−D0R2f] + (1−pˆ)min[C0R2C,duA∗0−D0R2f]


Rf (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 = pCˆ u+ (1−pˆ)(πCdPW+ (1−π)CdNPW)


Rf (4.19)
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 By substituting equations4.16,4.17, and4.18into equation4.19, the CoCo value at date
 zero can be expressed as:


C0 = 1


R2f(pˆ2min[C0R2C,u2A∗0−D0R2f] +pˆ(1−pˆ)min[C0R2C,duA∗0−D0R2f]


+pˆ(1−pˆ)(πmin[wC0R2C,duA0∗−D0R2f] + (1−π)min[C0R2C,duA∗0−D0R2f])) (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.C0R2C <udA∗0−D0R2D. Thus, equation4.20simplifies
 to:


C0 = 1


R2f(C0R2C[pˆ2+pˆ(1−pˆ)(1+ (1−π) +πw)]) (4.21)
 Solving forR2Cgives the model’s fair promised return to CoCos:


R2C= R


2f


ˆ


p2+pˆ(1−pˆ)(1+ (1−π) +πw) (4.22)
 Substituting equation4.21into the aforementioned restriction, C0R2C < udA0∗−D0R2D,
 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−C0R2C−D0R2f with RNP pˆ2


udA∗0−C0R2C−D0R2f with RNP (2−π)pˆ(1−pˆ)
 udA0∗−wC0R2C−D0R2f with RNP πpˆ(1−pˆ)


0 with RNP (1−pˆ)2


(4.23)


Dividing equation4.23byE0gives the binomial return distribution of equity:


E2


E0 =























u2(1+l0+c0)−(c0R2C+l0R2f) with RNP pˆ2


ud(1+l0+c0)−(c0R2C+l0R2f) with RNP (2−π)pˆ(1−pˆ)
 ud(1+l0+c0)−(wc0R2C+l0R2f) with RNP πpˆ(1−pˆ)


0 with RNP (1−pˆ)2


(4.24)


To derive the return distribution of equity at date one, the possible equity values are
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