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ABSTRACT

This thesis presents a recently born asset dz@stingent Convertibles (CoCospixing
features of both debt and equity that egeerin the last few years and that is growing fast in the
financialmarkets. CoCbonds converting into equity under a certain Common Equity Tier 1 ratio,
are the regulatory response to the 2008 financial crisis.

The financial crisis of 2002008 unveiled he fragi |l ity of todayods
The high number of bankruptcies and of bailo
the way to new regulatory directives aimed at strengthening the banking system, especially with
regard taheir capital base. The desii@protect taxpayers and to make managers negponsible,
leadtothe beginnm o f ftithreo febraa,] i n which banks are sav
It is in this contest of regulatory reform, to strengthen thealegiability and redce banks failures,
the birthof contingent capital takes place. CoCiostruments also known as Additional Tier 1
bonds, are financial hybrid securities issued by banks, which offer the advantages of debt in good
times and equity inimes of financial distress. These securities are imposed to European banks
through the EU Capital Requirements Directive of 2013 (CRD 1V), which is inspired by Basel llI
framework for strengthening the financial system. The purpose of this thesisayyweahe hybrid
instruments of Additional Tier 1, identifying their key risks from a fixed income investor
perspecti ve, and to try assessing a framewor
investor will require for accepting bearing all tliecertainty surrounding this particular and new

asset class.

Chapter 1 will briefly introduce the reader to the Basel Il framework, discussing the main
interventions of the regulator with a specific focus on the new definition of the capital base and on
the minimum capital requirements for internationally active bankshémr e gul at or 6 s i
improving the capital qualityAdditional Tier 1 CoCos, which are the centerpiece of this thesis,

play the most innovative role.

In Chapte 2, a definition ofCoCobonds will be given, and all the key features that make
them a hybrid instrument between debt and capital will be discussed. In particular, after presenting
their deeply subordinated nature, the risks of coupon deferral, of extension and of corwidrsion
be analyzed, pointing out the reasons for the huge uncertainty that sutttceseisancial hybrid

securities and their differ en keypointwe wihdispusse vi 0



is the loss absorption mechanism and the caiwertrigger, which are fudtamental for the design

of CoCosand for vhich many proposals were elaborabgcthe academic world.

Chapter 3 willbriefly presenssome valuation models for CoCo bonds existing in literature
and will describe the valuatiomethalology elaborated in this thesis. Most existing modais
related toTier 2 CoCos, which havelifferent characteristics with respect to Additional Tier 1
CoCos, which are the object of this the3isesemodels focus dg on the conversion feature of
thesecurities, whiclarepriced aglerivatives instrumenwWhile we think these proposaierrectly
price the conversion risipon a certain maturifythese modelseglectother risks such athe
couponcancellationand the extension risk, whi@re importannew features of AT1 CoCon
this thesis wewill instead extend the so a | | e db ofit Roocnk freamewerlalshsed on a
discounted caglow approach and on credit fundamentals, developed by J.P. Morgan in 2001 and
adjusted for olestyle Tier 1 byHenriques, Goulden, & Granger (2006Ye will adapt this
framework introducinghe different feature of new Additional Tier 1 CoCos.

In chapter 4, we will then test the new framework, which takes into account all the possible
cash flow scenarios through the empirical rating migration matrix representing all the possible
financial condions of the issuing institution, on some hybrid securities recently ddsyesix

European Banks.

Chapter 5 will finally discusshe obtainedfi r ebcokt t spreeds, which are the smallest
spread accepted by an investor with a fully diversified portftiased on his performance target
andon hisview of the credit fundamentals of the institutions. This spread is thus almost market
independent and we compare it to the one offered by the market to see \ilhetegurities are

cheap or expensivaccordiig to our views.

The ®nclusions will restate the assumptions of the model, and highlight its limitations,
knowing that the aim of this work iIis not to
present the new and growing asset class of Comtir@envertibles and all the risks they hide for
a fixed income investor. The minimum spread the investor will accept is derived through a

discounted cash flow based and almost market independent valuation framework.



1 FINANCIAL CRISIS, BASEL Il AND COCOS

Contingent Convertibke are financial hybrid instruments that emeatge the Basel Il
framework, inthe aftermath of the last global financial crisis, a®a to strengthen financial
institutionsdé capital and mak @& hugetlosseso This firg f f e «
chapter aims thus at describing the regulatory framework in which CoCo bonds were indicated as

a possible mean of preventing other financial crisis

1.1 FINANCIAL CRISIS AND FINANCIAL STABILITY

The financial crisis of 2002008 unvded the weakness and the vulnerability of the highly
and internationally interconnected financial system, with special regard to-tredlesh global,
systemically important banks {6IB), which are the ones carrying the highest systemic risk
(Veiteberg et al. 2012)These banks, also known as systemically important financial institutions
(SIFIs), were particularly affected by insufficient ¢apbuffers, and i@ the main targetsf the
increased capital requirements contained in Baséihlg & Tarbert 2011)

One of the main reasons the financial crisis in 2008 became so severe indeed, is the excessive
on and offbalance sheadeverage in the banking sectorsnefiny countries. The capital level that
banks held was thus inadequate, and the quality of its common equity vgasmod absorb losses
and preventnsolvency(Chan & Kenadjian 2014)In addition, many banks had insufficient
liquidity buffers and were at able to reintermediate the off balance sheet exposures they had in
the shadow banking system, hentaking impossible for them to face the trading and credit losses
that the systemic crisis had generated. The crisis was amplified bycyghical deleeraging
process and by the high interconnectedness of the financial systems, resulting in a maoket loss
confidence with respect tmany banking institutions and in a huge contraction of liquidity and
credit available for the real economy.

As a direct esponse to the crisis and to the shortcomings of previous Basel Il regulation in
addressing the capital requirements of globally active banks and in protecting the financial system,
the Basel Committee on Banking Supervision published in December 20il8diatées of new
global regulatory standards on bank capital adequacy and liquidity commonly known as Basel Ill.
The aim of the new framework is Ato strength
promoting a more resilient bankn g s and tb absasb the shocks fraime financial sector,
Areducing the ri sk of s(pasel dormmiteee on Badling upervisione r e
2011b) The drawbacks of the existing framework identified aft&sis analysis were the not

3



effective lossabsorbing function of capital, the failing liquidity management, the inadequate
governance andsk managementf big financial groupgEuropean Commission 2013As a
consequence of these regulatory flaws, a huge amount of public money from taxpayersehad to
used tobail-out the secalledtoo big to failfinancial inditutions and to avoid further systemic
disease(Chennells & Wingfield 2015)All these problems are addressed in the international
referance framework of Basel Il and are applied to European banks through the meaDayitéile
Requrements Directive (CRIV).

In thenext paragraph Basel Ill and CRD ruleswill be reviewed more in detail, focusing
in particular on the standard requirements regarding capital adequacy, since this aspect of the

regulation is the one in which CoCos reappearance as instrumentsfocir easi ng .banks

1.2 BASEL IIl AND CRD IV-CRR

Basel Il and CRD IVCRR (Capital Requirements Regulation) are thasterpieces of éh
currentregulation of the banking and financial systenthe European Union.dlbecorrect from
a | egal point of view, Basel [ 11 i's not a |
internationally agreed standar ds d (Ewopdam p e d
Commission 2013)Iin order to acquire a legal validity, it has to go through a democratic process
to be transposed into EU or any national law. Specific applications of Basel Ill principles can be
slightly modified to fit with exishg national arrangements especially by adding higher standards,
even if the main requirements, which we explain in the next sub paragraph, tend to remain common
to all the jurisdictionsCRD IV has several correspondent in different jurisdictions, sut¢heas
AFinal US Rulesodo, approved by the Board of G«
(Shearman&Sterling 2013 here exist sme differencedetween the &opean and the other
natonal interpretationsof Basel Il framework; neverthelgssince we will later analyze some
CoCo issuances from European banks, the discussion on the capital requirements will be treated
from the European directive perspectared with respect to the CRY .

The Basel Il framework, which, after being published by the Basel Committee on Banking
Supervision, was endorsed by the G20 leaders in November 2010, is the centerpiece of the financial
reform program coordinated/ithe Financial Stability Board, anidis composed of both of micro
and macreprudential measures. The migooudential rulestrengtherihe resilience of theingle
banksto periods of financiastress and mainly consist in capital diggidity requiremerg. The
macreprudential reform ingad, addregsthe systemic risks that can originate across the banking

industry as well as the procyclical amplification of these risks over timeéhandshift to the real
4



economy.The two aspectsare nevertheless interrelated, since a greastividual resilience
reducesthe risk of contagion and thus of market wide shoasel Committee on Banking
Supervision 2011b)

One of he priorities ofthe Basel Ill frameworlks to strengthen the quality, consistency and
transparency of the capital base for inaionally active institutionsWith respect to Basel | and
Basel Il frameworks, the new standards are raising the total capital ratio tottthe percentage
of high quality capital, the highest quality being common eq#iiyg & Tarbert 2011)

Capital ca be defined in different wayshis, to have a more accurataderstandingf the
dynamics of the capital requirementsder the new regulatioit might beuseful to first have a
clear definition of the capitaldse. For prudential requirements in bankthg definition ofcapital
IS more conservative than the accounting one (disdglities), since only capital that is freely
available at althe times to absorb losses can be qualified as regulatory capital. Moreover,
according to Basel lll, capital will be separated in going and gone concern.

Tier 1 Capitalthe riskiest one, by absorbinigss e s 0 n -cao nficgeor i mgurds the | s
contiruity of the institution activitysinceit providesimmediatecapital cushion for the banking
business preventi ng t Waditidna hide D&ocos arespart ofthasHirst glabwr
2 capital is made of subordinated debt and is qualififd gsocn@ncer no capi t al ,
depositors and senior creditors but only when the institution fails, by losing its claims on the
principal payment.

The following definition of capital components, will be associated with the capital agequa
requrements, which consists tife amount of capital an institution is required to hold compared
with the amount of assets, to cover unexpedosses. In the CRD FZRR, capital requirements
arecomputedas a percentagever risk weighted assets. CRR defirfesv to weigh a certaiasset,
according to their riskThe riskier the assets, the higher the capital an institution have to hold. In
this computation, both on and dfalance sheet must be accountediefaileddisclosure of the

capital components will fiow here below(European Commission 2013)

1.2.1 Components of capital
1. Tier 1 Capital (goingconcern capital)
a. Common Equity Tier 1
b. Additional Tier 1

2. Tier 2 Capital (goneoncern capal)



A more detailed composition of the different capital parts is given here below:

1. Tier 1 Capital
1 Common Equity Tier 1
- Common shares
- Stock surplus
- Retained earnings
- Other comprehensive income

- Minority interests

Common Kuity Tier 1(CET1)is the part bcapital composed by the purest forms of equity,
broadly speaking by the bardicmmon stocks as well as any other stock surplus, also referred to
as additional patih capital. The instruments belonging to Common Equity Tier 1 are required to
have some@mmon characteristic3hese instruments represent thest subordinated claim in a
b a n kgoidation proceduremoreoverthey have a perpetual principal acehnot be redeemed
or cancelledby the issuerTheir dividend distribution is at full discretioof the bank and have to
be recognized as equity undercagnting standards. Common stsrevhich are the main
component othis type of capital, are a fraction of ownershiphef institution, so do not entitte
any claim of fixed stream of income bguarantee the participatido all gains ad losses of the
issuing bankThe minimumCET1 ratio that is required by theRD IV is 4.5%.
0€aa Oy o ORI

0 OPY 00 Wimai o moom 1 oo ©

1 Additional Tier 1
- Instruments that meet criteria for inclusion in AT 1 capital
- Stock surplus resulting from these instruments

- Instruments issued by consolidated subsidiaries meeting AT1 criteria

The criteria required for including the instruments in Additional Tier Isamee equitylike
features, which make them effectil@ss absorbingitems, guaranteeinthe continuity of the
regular business activity of the bank. Among these edjutyfeatures, for example, the deep
subordination to depositors and other subordindé&dd of the bank. In addition, thesetmsnents
must be perpetual, with no maturityp stepups or other incentives for the issuer to redeem.
Additional Tier 1 securities can be callable only after a minimum of five years after the issuance

and the issuamust not create expectatiahst the bond will be called. The bonds can be redeemed

6



only if replaced by instruments of the same or better quality, and in anytemsenimum capital
requirements must always be respected. Moredkerpank has full dcretion ondividends or
coupons payments cancellation or deferral, and this fact do not conatitueent of default.
Instrumens classified as liabilities for accounting purposes must have a principal loss absorption
trough either conversion to commsehares or through a writdown mechanisiwhich activates
when a pre specified trigger pointdeeached. The differe@oCoswe will analyzein this thesis

all belong to this loss absorbing kind of AT1 instruments.

The CRD/CRR IV requires the banks tovaa in 2019, when the regulation will be fully
loaded, a Tier 1 ratio of at least 6%. The regulation also says that, this ratio must be composed of
up to 1.5% of AT1 ratio, since the CET1 ratio cannot in any case be below 4.5%:

YRipd 01N Q0 wa
QG0 OB | | Qo

YQQI 0o Q\‘?‘

2. Tier 2 Capital

Tier 2 capital is composed by subordinated dieinior to depositors and general creditors,
but which intervenes in absorbing losses only in the case of insolvency. Tietr@ments must
anyway maintain some prudential featyddse the fact of being unsecured, having a minimum
five years maturity with no incentivésr the issueto redeem and being callable only if approved
by the supervisor and if replaced by the sameurnof similar capital instruments. The Tier 2
Capital ratio that a bank has to hold as part of the total capital ratio is up to 2%, knowing that out
of the 8% minimum Total Capital ratio required, the Tier 1 Capital ratio ovemvesghted assets
must beat least 6%.
, "Y€ 06 QO @
Yoo oo 1 o

With the changes ithe definition ofregulatory capital, many of the instruments that under
Basel Il were considered Tier 1 and Tied®,not own anymore the criteffiar inclusion in Basel
Il capital. With respect to these securities issued before December C&R, Q013 Art. 484),
the new regulation allows the-soa | | addfigr her i ng o, reguatarycapitgl t h a
value will decrease by 10% annually until 20BAnks must gradually replace € s e fi ®lod s
securitieswith new regulationcompliant instruments, such as CoCos in the caserafdapital.
The instruments losing the regulatory capital status Matkr account as funding unsecured

instrumentgBasel Committeen Banking Supervision 2011b; Leung et al. 2012)
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1.2.2 Additional Capital Buffers

1. Capital Conservation Buffer
Countercyclical Capital Buffer
Global Systemic Institution Buffer (SlI buffer)
Other Systematically Important Institutions Buffer
Systemic Risk Buér

o bk~ 0N

In addition to raising minimum requiremenBgsel 11l and &®D IV/CRR introduced some
additional capital buffers, creating a security cushion and forostgutions to build up capital

reservesn good times for geventing bad times troubles

1. CapitalConservation Buffer

Among the additional buffers, banks are required to hold a 2.5% capital conservation buffer,
composed of the Common Equity Tier 1 exaegdhe minimum regulatory ratién this way, the
Basel committee indirectly brings the effectneguirement ofCET1 to 7% (4.5% CET1 + 2.5%
Conservation Buffer). Nevertheledsanks are allowed to temporarily have lower satfmugh
they are pushed tguickly rebuild the buffewvia restrictions on discretionary distributions. These
limitations in dstribution refer to dividends, deferrable coupons, sharebaokg and staff
bonuses The extent of the distribution constrai
to the regulatory minimum capital requiremdassentially, a bank having ti@ET1 very close to
the minimum requirement will be forced to retain all its earnings in the subsequent financial year,
while a bank with a high CET1 rateatisfying the 2.5% of conservation buffe)l have zero
constraints on distributiongor examplea bank with CET1 08% butwith no Additiond Tier 1
nor Tier 2 instrumentwill meet the minimum capital requirements ltudving zero conservation
buffer, will be imposed of restrictions on its discretionary distributiokBnimum capial

conservation sindards are reporteal Table 1.

(expressed as a percentage of earnings)
4.5%-5.125% 100%
>5.125%- 5.75% 80%
>5.75%- 6.375% 60%
>6.375%- 7.0% 40%
>7.0% 0%

Table 1. Minimum Capital Conservation Rat{Basel Committee on Banking Supervision 2011b)



2. Countercyclical Capital Buffer

Losses tht ocur in a downtin preceded by a period of strong credit growth can be
extremely large and destabilize the entimamcial system. This becautte easily availability of
loans at low rates, pushes up private investments and prices, often leading to asset bubbles. When
the bubble then eventually burst, prices go down, loans start defaulting and bank limit their lending
activity. The contraction of credit further reduces prices and defaulting loans increase. The
financial distress reverberate thus on the real economyuamsl hack to the financial sector in a
selfperpetrating vicious circle.

In order to prevent thisiabolic loop, the CRD IMCRR introduces new countercyclical
capital buffer, whicliorcesbanks to accumulate additional capital in times of econpnosgerity.
This policyaims atreducingcredit availabiliy during times of credit growth farovide banks with
more capital to face times of distregsducing theextentof credit crunch during a downtu(King
& Tarbert 2011) This buffer requirement addresgée risks deriving from the macfmancial
enviromment in which the bank operate#/hen the national authities judge credit growth
excessive and associated with a systade risk, they can impose banks to hold this
countercyclical bufferangingfrom zero to 2.5% The amount of this buffer depends on the
financial stability conditions of the jurisdicti@nd ornthe weighted average of buffers deployed in
all the other jurisdictions in which the internationally active institutions have credit exposures.
When the authorities considire risk is over, the buffer ragement can simply be removefs
before, banks natomplying with the requirements c#acedistribution limits, according to the
CET1 ratios. Table 2 indicates the minimum capital consematiandards for a bank subject to a

2.5% countercyclical requirement.

Common Equity Tier 1 Ratio Minimum Capital conservation Ratios
(including other fully loss absorbing capital) (expressed as a percentage of earnings)
4.5%- 5.75% 100%
>5.75%- 7.0% 80%
>7.0%- 8.25% 60%
>8.25%- 9.5% 40%
>9.5% 0%

Table 2. Minimum Capital conservation Ratios with countercyclical capital bufgasel Committee on Banking
Supervision 2011b)



3. Global Systemic Instition Buffer (GSlI buffer)

The RD IV includes a mandatory systemic buffer for banks that are considered globally
systemically impognt. The amount of the required buffer will be between 1% and 3.5% CET1 on
RWAs and will be applied starting January 208. This surcharges motivated by the high risk
that these banks present for systemic stability, which would otherwise be restoredavthp ay er s
money. The Financial Stability Board has listed 2861 banks including 14 EU institutions.

4. Other Systematally Important Institutions Buffer

In addition to G SlI buffer, CRD IV set a supervisory option on other systemically important
institutions that are domestically important or EU important. The criteria for identification include

a notification procedurand there is an upper limit to the buffer size, equal to 2% on RWAs.
5. Systemic Risk Buffer

According b CRD IV, other systemic risk bufferan be introduced by each Member State
in order to prevent nenyclical systemic or mactprudential risk for tb realeconomy in the
specific StateStarting in 2015 th®lember State willing to setlaufferrate between 3 and 5%l
have to notify the EU banking authorities. Tl Commission will have to agree on the measure.

1.2.3 Pillar Il Capital

In addition to the capal requirements coming from the Pillaart. 97 and 104 of Directive
2013/36/EU 5 (CRD) establishes that Member States must ensure that corapttenties are
empowered, among others, to require banks to hold additional own funds requirementl(Pillar |
capital). The amount of additional own funds is assessed by the authorities through the supervisory
review and evaluation process (SREP). This process is a risk management and governance control
over single institutions, which can end up in the requirdroéan additional buffer ranging from
zero to 26 (European Union 2013; Bank of England 2014; European Banking Aytl2o5)
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The capital adequacgquirementsthe regulatory additional capital buffers discussetthis

chapter and their size argpresented in the following Fige 1.

1- 2% * ™

dirlifas ', Bank-specific additional
e 7 own funds

0-500* = ! fvist

] Extra cushion of CET1 capital

| for systemically important

7 institutions and for
macroprudential risk

‘. Combined

\_  Extra cushion of CET1 | buffer
i capital in boom times

2.50% '<.I
>  Extra cushion of CET1
capital

L "J 4

o 1%

T AS% ? Basic requirement
Connnnon
Equity
Tier 1

* fzzurmed upper bounds (values can be higher)
*# I certain cases can be the surmof SII and = steric

risk buffer,

Figure 1. Capital base and additional buffers under the CRD IV. Kiemopean Commission 201:

Another important aspetb consider aboutapital requirements is ¢hway in which they
will be phasedn to reachthe fully loadedregulation in 2019. The gradumhplementationf

requirements allowbanksto take the measures be compliant with the law asated in Table 3.

Capital adequacy phase arrangements
2013 2014 2015 2016 2017 2018 2019

Common Equity Tier 1 35% 4.0% 4.5% 4.5% 4.5% 4.5% 4.5%
Capital Conservation Buffer - - - 0.625% 1.25% 1.875% 2.5%
Minimum CET1 + Buffer 35% 4.0%  4.5% 5.125% 5.75% 6.375% 7.0%
Minimum Tier 1 Capital 45% 55% 6.0% 6.0% 6.0% 6.0% 6.0%
Minimum Total Capital 8.0% 8.0% 8.0% 8.0% 8.0% 8.0% 8.0%

Minimum Total capital +

Conservation Buffer 8.0% 80% 80%  8625%  9.25%  9.875%  10.5%

Table 3. From Basel Committee on Banking Supervision, (2011)
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Additional Tier 1 andTlier 2 Capital are not explicitly showeén the table above, but are
included in the minimum Tier 1 Capital and in tm&éimum Total Capital ratio whogghasein
arrangements from 2013 to 20d&n be seen in the graphical representdieiow.
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Figure 2. Phasen arrangements Basel Il capital requireme&ourcg(Auer & Von Pfoestl 2012)
Understandingthe regulatory capital and buffer requirements is very immparfar an
investor analyzinghe hidden risks embedded in Contingent capital securities. As we will see in
chapter 2 indeed, many features of CoCos having an impact on tluteekpalue of the securities

are directly linked to the breach of some of the just presented capital requirements.

1.3 THE EXPANSION OF COCO MARKET
In order to accompl i s h abhcngfinancial stabiliylofmkiog y fm
institutions, Coos must be appreciated and bought by the invedtasems thus interesting to

analyze the market of CoCos, to see what factorkldwlp its development argtowth.

1.3.1 The issuers perspective

The first driver for CoCo expansion comes from the supply, sidee the phasinm of the
Basel Ill and of CRD IV in Europe, is pushing a strong recapitalizaftidime banking sector. The
growing requirement of Equity Tier 1 and the possibility to fill the regulatory buffers with up to
1.5% Additional Ter 1 provdes incentives to Europeaariks to issue a lgg amount of these
CoCos and the market growthagpected to continua the following year§Henderson Global
Investors201} The rationale for bankdés preference
funding. Thanks to the tax deductibility of coupon payments, CoCos, which are considered as debt
on an accounting basis, represent a more-effsttive capital instruent than common equity.
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This seems to offset the higgoupon that banks are forcedpay b the investors to compensate

for theriskiness of this type of securities.

1.3.2 The investors perspective

On the investorsod si de, grteeawo last finareial yeare f or
This can beexplained by the low rate environment characterizing the markets as a consequence of
central bankergxpansionaryolicies aimed at boosting economic recovery. Almost ten year of
very low federal fund rates and thecent Quantitative Easing from the Europeant@émBank,
generated a low returmsarket with very little options for investors seeking higher yield. CoCos
areproviding high yieldsn a low yeld environment.n 2014,for instancetheir yield normally
ranged from 4.5% to 10% depending on &sand on the security structure, whiclgiste high
compared with an average yield of around oni%.8% for the European high yield sector
(Muenstermann 2014Yhis is why the appearance of this new asset class was welcomed by the
market. The initial fears, regarding the opacity of AT1 with respect to their accounting amd taxin
rules, due tdheir ambiguous hybrid nature, are beingroeene as the regulation is getting better
known and as theredit quality of the banks isyproving thanks tohe huge recapitalization effort.

Given thesealiscussed factors, natgehe active supply from banks atite global low yield
environment, the dyer base and thus the market for Additional Tier 1 bonds is expected to grow

fast in the next five yeafd.P.Morgan 2015)

1.3.3 Rating CoCos

Anothe factor that help boostg bondsmarket growth is the credit rating attribution from
the agencies. Initially, rating agencies have besuactant about rating CoCos for the high
uncertainties surrounding the asset class. For instaheeheterogeneity of their regulatory
treatmet across jurisdictions makes it more difficult to create consistent rating methodologies.
addition,the presence dafiscretionary triggers and ttie PointOf-Non-Viability (PONV), which
is declared by the government and impaag®maticconversion othe bondfurther complicate
the rating attribution. Nevertheless, the growth of this market and predsureshe issuing
institutions pushedhajor rating agencies to provide these securities with a rating. Having a rating
is important forCoCosmarketgrowth, since the main buyers thiese securitiesra institutional
investors, such geension funds, hedge funds or insurance and asset management companies. Some
of these funds have strict rules about the kind of assets they can invest inviagdgating to
AT1 bondswidenrs the potential buyér base The ratings are generally given by downgrading the
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senior rating of four notches, with the possibility of further notching down in presence of high

coupon cancellation or conversion rigkwdjiev & Kartasheva 2013; Lambert 2014)

The factors explainedbave, allow to predict a persistam@rket growth, ecording toJ.P.
Morgan(2015) whose researclofind that the amount of issued G®dn 2014 was of USDR7
billion, more than doublevith respect to the USD 38 billioissued in 203. The issad AT1
securities as ofpril 2015 are estimated around USD BiRion, assuming a total market siae
the same datef USD 229billion. Among the different regions, European banks are estimated to
account for USD 8hillion and the European market is expected to grow further, being the expected

issuanes valued arounBUR 106 billionin the next 23 years.

In the light of whatwe said regarding regulatory setting andtbé growing market of
Additional Tier 1, chapter 2 will provide a useful deeper look into the differentsteordard
features of CoCo bond® providewith more awareness abdbe risks one has to consider when

willing to invest in this particular asset class.
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2 CONTINGENT CONVERTIBLE CAPITAL INSTRUMENTS

2.1 DEFINITION

Contingent ©nvertibles, Contingent CapitalCoCos, Enhanced Capital Noteare all
different names for the same kind of hyls&turitiedssuedoy bankso absorb losses when the
capital ratio falls below a certain lev@e Spiegeleer & Schoutens 2009; Avdjiev & Kartasheva
2013) They are defined hybrid instrumenssnce they presewcharacteristicboth of debt and of
equity (Ofinger 2012) Indeed, hey behave as plain vanilla bonds, payingegularcoupon rate
during namal stability timesbuttheyconvertinto equty when thessuing institution experiences
a state of financial distregslcDonald 2013; Koziol & Lawrenz 2012)

Hybrid bonds offer thus both the advantages related to theiflideldeatures and to their
equity-like featuresAs debt,CoCos benefit from the tax shield couponpayments and thus
reduce the weigktl cost of fundingven if asRozansky (20103tates, the fiscal advantage may
vary from country to country, according to the local jurisdictloraddtion, with respect tequity,
pre-conversionCoCos reduce agency costs because fibreg the firm to pay coupons, reducing
the excess cash disposable by managénvoreover, being safer than capitaybrid bonds avoid
negative signaling effect ofsaing equityPennacchi et al. 201.I)he loss absorption mechanism
allows the issuing bank tpromptly recapitalizethrough an automatic defir-equity swap,
without an &-post actionwhich wouldbe more costlysince the shares would be issued at a
significant lower price)andprevens the need foa public bail outAlbul et al. 2010; Flannery
2009) The conversion or write down of the Caice f a cshouldstakdplace wherthe bank is
still a A gaoncermy i.e. whenthe bankin severefinancial distresss still a viable business,
avoiding bankruptcy withduthe need of a public baiut (Goodhart 2010; De Spiegeleer &
Schoutens 2014a)

Moreover,since existing shareholdegenerallydo not welcomea conversion, Cocos also
enhancen another wayhefinancial stabilityof banking frmsAc cor di ng t o D6 Sou z
as stated ifCalomiris & Herring (2011)a large size of Cocos with a credible trigger and a high
dilutive conversion ratio, strengthens the incentive tegpngtively recapitalize. If these conditions
are metan institution getting closer to the dilutigenvesionwill preferto issuenewequityand
restore itscapital ratig since this would end up in smaller losses for existing sharehofemars.
these reasons, Cocos do provide incentiveshareholders tkeep banksvell capitalized which
is exactlytheregulatorgoal (Goodhart 2010; Von Furstenberg 2011a)
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To sum up, contingent capital istendedto effectively reduce thénancial risk n the
banking sector, not only through thetomatiaecapitalization of bank$ut alsqroviding implicit
incentives taesponsibility tananagersbondholders and sharehold@wcDonald 2013)

__- Regulatory -.
Trigger
1 T -Bondhclder becomes Shareholder.
“C C| <_DISTRESS > or

Bond is (partially) written down
-

.| Core Tier 1 |
Trigger

ISSUE |- |C C C Cc C C C C C REDEMPTION

Coupon Payments
MNEW ISSUE

Figure 3. Life of a CoCo(De Spiegeleer & Schoutens 2014b)

2.2 ELEMENTS OF CONTINGENT CONVERTIBLE BONDS

In this paragraph, wwill present the maielementscharacterizingcontingent capital, in
particular with respect tthe spedic new feature®f Additional Tier 1 instrumestasimposed by
Basel Il and by &D IV of 2013. We will especially focus otthe biggestinnovationin AT1
capital, the conversion mechaniswe will review e main prposals expressed in literature,
discussg pros and cons of the different options for an optimal CoCo bond design. The features
we are going to illustrate, which also hide the key risks for investors are the subordination, the
coupon cancellation, the call/extension risk and the conversiamdeat

2.2.1 Subordination

The term subordination refers to the order of priorities of claim on assets of the bank among the
different classes of the asset liabilities.

Subordination measithat in the event of default, the holder of the subordinated debt, miist wa

until the holders of senior or less subordinated bondrepaid before having thehanceof
recovering some value from their-r bond. Subo
recovery rate, and it is empirically found that, on average, hggmeority is associated with higher

payoffs in case of bankruptcyhe seniority ranking of the different classes of liabilities is shown
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in Figure 4 whichrepresent a simplified balance sheet of a bank.

CoCos are classified asnjior subordinated déband their deep subordination is mandatory
according to the criteria 2 and 3 for inclusion in Additional Tier 1, as stated in Basel Il regulation.

Senior secured

Deposits

Senior Unsecured

Subordinated

Assets

Figure 4. Simplified balance sheet of a bank. Own illustrati
2. ASubordinated to depositors, general <cred
3. Is neither secured nor wered by a guarantee of the issuer or related entity or other
arrangement that legally or economically enhances the seniority of the clarisibank

creditor® (Basel Committeen Banking Supervision 2011a)

The regulator8@intention to make of Additional Tier 1 the most subordinditguility after
common equitys clear in these two pomitin fact, in the case of bankruptcy, CoCo holders will
become shatmlders thughe first absorbing thdéosses. Although CoCos are neavby the same
rationale as thedil-in resolution tool, whosapplication in Europe vgintroduced through the EU
Bank Recovery and Resolution Directive of 2014, the two things do not have to be confused. Whi
the bail-in is a regulatory procedure for managing banking failures that allows the authorities to
impose the mandatory writlown onall the banks liabilities, (except o deposits and covered
deb), CoCos are a financial instrument that is converted avritten down on a contractual
agreement and on aedetermined trigger event. CoCase involved in the case of a bail
resolution and can bmnvertedalsoon a discretionary base by the regulator declaring the bank is
at its point of norviability (PONV) like the baiin debt. Neverthelesshey are expected to be
written down or convert before the bal procedure startéPatrick n.d.; Chennells & Wingfield
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2015) Given the deep subordination they have, the expected recovery rate in casellbinazy

be expected to be very close to zero.

2.2.2 Coupon cancellation

The rules related tooupondistributiors are exposed at the points 7 and 8 of the criteria for
inclusion Additional Tier 1, as exposed in the Basel Il regulatory framework. The aines# th
criteria is to make CoCos coupon similar to stock dividends with no obligation for the issuer to

respect the regular payment of the promised coupons.

7. ADi vidend/ coupon discretion:
a. the bank must have full discretion at all times to cancel distribupapsients
b. cancellation of discretionary payments must not be an event of default
c. banks must have full access to cancelled payments to meet obligations as they fall
due
d. cancellation of distributions/payments must not impose restrictions on the bank
except inrelation to distributions to common stockholders.
8. Dividends/ coupons must be paid out of dis

According to these regulatory dispositions, the cancellation of the Additional Tier 1 Coupon

can be either voluntary or mandatory (under certaimditions).

2.2.2.1 Discretionary cancellation

Point 7 of the inclusion criteria is related to the discretion of coupon cancellation, clearly
stating that the cancellation of a coupon can be performed at any time from the issuing bank and
that such choice from thesuer desnot represent an event of default. This deferability of coupons
was already existing in olstyle Tier 1 debt under Basel Ill. Nevertheless, this edikig/feature
of AT1 debt is further enhanced by removing any kind of limitation on ofisétlalition in the
case of AT1 coupon cancellation. While these limitations are removed but still allowed in Basel Il
(point 7 d) of the AT1 Criteria), the European Authorities formally prohibit them, as stated at art.
52 point (1) (1)(v) and at art. 53)(b)(c) of theREGULATION (EU) No 575/2013, (2013)

The (RR establishes that the coupon cancellation must impose no restriction on the issuer,
with particular reference to two situations:

1. there must be no obligation to pay coupons on the CoCo if the issuer pays distributions

onpari passwor junior capitalsucaks or di nary shares (Adivid
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2. there must be no prohibition to pay dividendebother distributions on equal or junior
ranked capital Jjust because a distributi
(Welsh & Fried 2011; Leung et al. 2012)

The removal of thestopper and pushemight ke interpretedas a violation of debt
subordination principle, since CoCos tet could, in principle, suffelosses even before the
shareholders. Nevertheless, several issuers clearly state the intent of respecting the seniority of
CoCos with respect to ady, thus committing to pay the AT1 coupons, or in any case not to cancel

them in the place of stock dividends.

2.2.2.2 Mandatory Cancellation

Point 8 of the AT1 criteria, stating that coupons must be paid alistibutable items, refers
to the regulatorgorditions under which a bank may be imposed not to pay coupons. Distributable
items means the amount of profit from the last financial year plus any profit brought forward from
previous years and reserves available for that purpose, less any losses lonovayll, forofits
which are nordistributable according to the legal provisions and sums plagddndistributable
reserveFurther restrictions for coupon payments throtiggse distributable items, corhecause
of the additional capital buffers requirdy Basel Ill, as discussed in Chapter 1. As stated in the
Article 141 of the CRD IV 36/2013, a breach of the combined buffer requirement would impose
the calculation of the maximum distributable amount (MDA), which according teeerityof
thebufferbor each i s a decreasing percentage of the

The amount of combined required buffer varies from bank to bank, since except the capital
conservation buffer, which is equal to 2. 5%,
to bank. The sum of these other buffers ranges from a minimum of zero to a maximum of 7.5%
without considering any adabnal country imposed buffeCalculating the distance to the MDA
trigger or the MDA when the trigger is breached can be useful to make @gsuran the
probability to have the coupon cancelled.

The computation of the MDA starts by determining the level of the bank Common Equity
Tier 1, and via the deduction of the Pillar | and Pillar Il requirements, obtaining the CET1
disposable, we can deteine through théable 4 the MDA of earnings in percentage. Multiplying
this the distributable percentage with the profits, we obtain the absolute value of the liquidity that
the bank is allowed to use for distributidifsijser 2013)
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Available CET1 buffer above PII MDA%
75-100% 60%
50-75% 40%
2550% 20%
0-25% 0%

Table 4. Maximum Distributable Amount. SourcKaijser,(2013.

2.2.3 Extension/callabilty
This risk is linked to the perpetual maturity of CoCo boral to the possibility the issuer has to
call back the bond at certain pspecified dates. This uncertainty is associated to the passage
from fixed to floating coupon after the first call date, in the case the life of the bond is extended.
These featureare addressed in the points 4, 5 and 6 of the Basel Ill Addifigaral
criteria reported below.
4. ils perpetual, i .e. ther e -upsoraotherimentvesrto t y
redeem
5. May be callable at the initiative of the issuer oatier a minimum of five years:
a. To exercise a call option a bank must receive prior supervisory approval; and
b. A bank must not do anything which creates an expectation that the call will be
exercised; and
c. Banks must not exercise a call unless:

i. They replae the called instrument with capital of the same or better quality
and the replacement of this capital is done at conditions which are
sustainable for the income capacity of the bank; or

ii. The bank demonstrates that its capital position is well above thienom
capital requirements after the call

(Basel Committee on Banking Supervision 2011a)

We can clearly seée regulatomtentionof making these instrumés very equity like in the
perpetual maturity, and the enhancement of this characteristitlot#pital with respect to Basel
Il in the removal of the coupon steyp, which isa clear incentive to redeem ttad-style Tier 1
had. The prohibition for thassuer to generate expectations that the call will be exercised will
remove the reputation costs as determinants of the call or not choice. This decision instead is
expected to be based on a purely econaationale since now on called Co€must be repted

by an amount of the same or better quality of debt. Funding costs and benefits of calling the debt
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and issue new or instead to keep the existing debt instruments paying the floating rate coupon, will

be the main focus point for financial instituticstsevery call datéMcCarthy 2014)

2.2.4 Loss Absorption Mechanism

The loss absorption mechanism is the processbugh whi ch the | ssui
boosted on the appearance of a trigger event. This automatic recapitalization can occur in two ways,
either converting the bond into equity shares or operating a haircutgwoitee n) on t he bo
value(Avdjiev & Kartasheve2013) Basel Ill requirements are exposed at point 11 of the criteria

for inclusion in Additional Tier 1 capital.

11.fAlnstruments classified as liabilities for accounting purposes must have principal loss
absorption through either (i) conversion to commoaras at an objective pspecified
trigger pointor (i) a writedown mechanismyhich allocates losses to the instrument at a
pre-specified trigger point. The writdown will have the following effects:
a. Reduce the claim of the instrument in liquidation;
b. Reduce the amount+@aid when a call is exercised; and

c. Partially or fully reduce coupon/dividend payments on the instruiment

This feature ensures CoCos perform their fundamentabfgeoviding areadily and easily
available soure of new capital for theank in times of crisifAvdjiev & Kartasheva 2013RRelated
to this,two key featwes are(1l) theloss absorption mechanism af®) the trigger event that
activates the loss alrgdion mechanism. Aer designmust be robustnoughto facepotential price
manipulation ad speculativattackgAlbul et al. 2010)Se\eral proposals are present in literature
for Cocos desigrfocusing on the design difiese two key features. All the proposals, whih
are going taeview, make implicit or explicit assumptions on the behavior of the different actors,
meaning regulatorsnanagers, accountants, investarsl marketsAll the options present both
advantages and disadvantages, reasorawd@igemics are still uncertain abou¢é@ognizedptimal
design mode{McDonald 2013)

2.2.4.1 Conversion into shares
The conversion rai defines the amount ishares th€oCoholder will receivein exchange

to the face value of his bondccording toFlannery (2009)the conversion pricdistributesthe
C o C ovéue between shareholders and bondholders and thiisceould generate pressures on

the stock prices, it is importatu set astrong andight conversion rati¢gOfinger 2012)

21



The conversiomratio (0 , is the result of the face value of the bdddlivided bythe
conversion pricg0
. 0
0} -
0
If the bond isconverted irsharesthe loss for the investor depends on the conversion rate
and on the value of the shaegime of he conversion.

0 06“\?(3p;—?0p'Y6é6é
The equation above introdes the concept of recovergte for a CoCoThe closer the
conversion price to the nominal value of the share at the trigger date, ther ghmlless.In
addition the smallethe conversion price the better off the investor, since he will receive a largest
number of shares. Ghe contrary, a small conversion price will damage the existing shareholders
because of the ownership diluti¢De Spiegeleer & Schoutens 2014a)

De Spiegeleer & Schoutens (201@&ntify three methods to deal with the conversion price:

1. Floating conversion pricel “Y

In this type of conversion, thaton Furstenberg (2011efines as diltive, the conversion
price isset at the observed marlgdtareprice at the trigger momentiormally, this corresponds to
a low price, since the trigger takes placesame event of financial distreks the issuing bank.

The number of shares (X) received after the conveisioamputedhrough the following ratio:
. 0
© N

The face vala of the bond carconverted at par, premium or discount. At the date, the
Additional Tier 1 bonds issued are converted at par. Under this conversion price mechanism, the
bondholder would not suffer any losses, since he will receive the exact face \&haeeis.

In fact, with low prices and the equivalent amount of the face value converted, bondholders
havea very safe claim, while most parttbe brunt of the triggdsreachs bornby old shareholders,
suffering from a substantial dilutioihe lower theconversion price, the grater the dilution and
expropriation of existing shareholdeasd the more likely the disrespect of the subordination
hierarchy(Von Furstenberg 2011ayleanwhile, this dution risk has the advantage of increasing

the incentives for shareholders to avoid a breach of the triggdjiev & Kartasheva 2013)
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According toDe Spiegeleer & Schoutens (20,1gh farno CoCo issuanckas this conversion
method A Coco with this featurgvould not be accepteidom a regulatory point of viewince it
would not provide true loss absorption and the dilution would be unbounded.

2. Fixed Conversion Pric& | Y

With this option, the conversion happens at a -ppecified price, which normally
correspondso a fraction» of thebankd share price|| at theC o C as8ug dateEstablishing a
fixed conversionnumber of shares proteasisting shareholdefsom excessive dilution in the
case of trigger breacfihe number ohewly issuedharegX) can be found with the ratio:

o O
| Y

Thismethod which Von Furstenberg (201 Tgallsantidilutive, while providing preexisting
shareholders with more guarantees on the dilution phenomenon, sets bondholders in a more
uncertain position, sindbey camotknow the amountf the loss thewill incur at the conversian
This loss isndeedvery likely to happemnd be hugsince the share price of the bank in a moment
of financial distress islmost certainly lowethan the conversion pricgetat the bond sue
(Ofinger 2012) The fixed conversion price, while limiting the risk of share price manipulation,
also reducethe incentive for shaholders to avoidhe risk of the trigger breactAvdjiev &
Kartasheva 2013)This mechanism was udein the firstCoCo issuancéy Lloyds Bank in
November 2009which was a lower Tier 2 instrument, and heagbrice equal to the volume
weighted average price of its ordinary shares for the five consecutive tradingfrdays
Novembetl to17, 2009(Maes & Schoutens 2012; Von Furstenberg 2011a)

3. Floored Conversion Pricé: & & QYRY)

This method, is a combination of the previous two, since the price is sé¢tedue priceY,
which is the market price at the moment of the conversion, but only if this price is not lower than
a prespecified pricdloor Y.

This option prevents excessive dilutimf the sharesreduces the violation of the
subordinatbn of the preexisting debsince CoCosan suffer a substantial haircut when the market
price"Y is smaller than the flooprice Y. The bondholdersio not have to take oall the
uncertaintyof stock pricederiving from a prespecified conversio price even if in thein most

caseghe conversion price Bxpected to be higher gneoresponthg to an effective writedown
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(Wilkens & Bethke 2014)This method waéirst used by Credit Suissa February 2011with a
floor priceequal to 20 CHF or 20 USDand is the most common used in AT1 CoCo issuafives
Spiegeleer & Schoutens 2014a)

2.2.42 Principal write down

Another possibility for Bnks to absorb losses and increase the level of common equity is to
operatea write down on the face value of the bofidhis loss absorption mechanism can be used
by banks that have no listed shaseshasRabobank, but it ialso adopted by banks wisimares
that arepublicly traded on the stock markets as, for example, biE&arclays.

According toDe Spiegeleer & Schoutens (2014th)s write down can occur in three ways:

1. Full Write Down

In this case, if the triggering capital ratio breached, nbeninal valueof the bondis

completely written off and lost for the investand becomes equity of the issuing bank.

2. Partial Write Down
Thefirst CoCo bondf this kindwasissued by Rabobarnk 2010 had a haircut of 75% and

reimbursed 25% of the face value at the trigd@e writteroff amount can also be at discretion

of the issuer.

3. Staqggered Write Down

This mechanism consists in a prirgioss that occursp to the point where the breach on
the capital trigger is solvedhis type of write down iflexibleandd e pend on t he si ze¢€
distress, since the amount of principal written off corresponds to how much is needed tackach b

the trigger point

2.2.5 Trigger event

The second key feature the design of Co@s is the definition of the trigg@&vent i.e. the
situationthat automatically activates the loss absorption mechaangirthat henceepresent the
potential losdor the inwestors.

According toDe Spiegleer & Schouten@011) an effectiveCoCotrigger event shoulbe
- Clear Carrythe same message whatever the jurisdiction of the issuer.
- Objective: The conversion mechanism mum set at the issuance date grésented in the

prospectus

- TransparentThe event should represent the real conditions of capital.
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- Fixed: Thetriggercaimmt be changed during the bondbs |
- Public: The triggeevent must be knowabley everyone.

Triggers can be single or multiple, in which case the breach obfathemactivates the
conversion mechanisn@Generally, the trigger event is contractualgfined in the prospectulsyt
theresolution authoritys free to impose conversion, if it considlee institution to be in a critical
situation.

Previous literature o@oCobondsdistinguisheslifferent ways to establish theggerpoint,
some relatetbb a rs kpécific events and othdirtked to more systemic financidistressDespite
the several triggestructures explored in literature, so far in real issuance the triggeringgéas b
linked to accounting ratiog®e Spiegeleer & Sautens 2009)

2.2.5.1 Bank specific trigger
Bank specific trigges as suggested dylannery (2009)subordinate théondconversion or
write-downonly to negative economic conditions of the issdingncial institution.

Among the advantagesf this kind of triggers the incentive for prudentiddehavior of

management and shareholderae d t he f ocus i n t he Sloatapipishi nst
the contingent capital task, tiiegger mus actvate onver si on whi | e imghe ba
concerno, i . e. bef ore ent @ennacchet a. 2@11) O the | o n

disadvantages sid¢he factthat the trigger may be insufficiently responsive to systemic risk
(Pazarbasioglu et al. 2012)

Among the bankspeific triggers several options can béstchguished, some linked to
accounting ratios and some linked to market based indicators.

2.2.5.1.1 Capital ratio-based trigger

Under this mechanism, the conversion of the bond into eguliyked to the healtbf the
bankdés bal ance s h éapensinthé base thidie GET 1 ratih flls bepowv & o n
certain value, which can h@especified in thébond prospectusr in any case, according to the
CRD IV cannot be lower than 5.125%

On the pros, capital ratio trigggpseventspeculation on the stks that could happen with a
share price based trigger, when approaching to the conversionlpribes sense, it prevents an
undue recapitalization of the badle to market manipulatioAn accouning trigger like the CET1
ratio, guarantees transparenayd objectiveness tiavestorswilling to assessthb ank 6 s capi
distancefrom the trigger On the other hand, this kind of triggers are widely criticized for their

dependence on accountingtechniqgudsi ch ar e Al i kel y t oadmstressedst at
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f i r ms 6 (Vengrurstanbey 2011b) Another negative poimf accountingoased trigger is
thatthe financial statements are pubéslonly quarterly, so there is sokiad of time lagoetween
the actuaktate of the capital and tloae stated on financial repo(Bazarbasioglu et al. 2012)

This timing problem and the reliabjyjitof the flexing rules was evidewluring the 2007
financial crisis when some institutions, which were financially in trouble, were still qualified as
steble and well capitalizedAccordingto Kuritzkes & Scott (2009)ndeed,the five largest US
financial institutions that failedr were forced int@overnmendassisted mergelis 2008 -Bear
Stearns, Washington Mutual, Lehman Brothers, Wachovia and Merrilhtyrad better capital
ratios tharthe standard requirements.

Despite thesaegativeaspectsthe capital ratio is the most used mechanism in real issuances
of CoCos, and for what concerns the Additional Ti€2oCos which is the type of CoCos that is
andyzed in this thesis, the capital ratio triggerthe conversion method legally reauirunder
Basel Il framework As we have already seen indeddes kind of instruments originate

specifically in order to allow banks to meet the capital requiremenuissed by Basel IlI.

- The timing of conversion

An important aspect to consider about capital ratio triggers, is the level (of CET1/RWA) at
which the loss absorption mechanism takes place. The level set is important for the regulator, for
the issuing instutions and for investors.

Since he conversiomr write-down must be activateahile thedistressed institutiois still
viable, the regulator setrainimum level for the triggeThe CRD IVdeterminedhis minimum
level, required for CoCa® qualify asAT1 capitalin a CET 1 ratio 06,125%. As a consequence,
the developing trend among financial institutions is to set the trigger exactly at thagvemaf
they are free to impose higher triggéwdjiev & Kartasheva 2013)

Banks generally prefer low trigger CoCos c&nit postpons the recapitalization and its
negativesignaling effect for the markeA low trigger also allows banks to colledtteaper Tier 1
capital, sincdower probability of conversion implies lower required spreads fromn¥estors
with respecta high trigger levels. Theiggerlevelinfluences the type of investor interested in the
bond. Conservative, lorigrm investors will prefer low trigger CoCos since the risk of conversion
is limited, while speculative, high yield inst®rs will go for hgh trigger Co@s As Avdjiev &
Kartasheva (2013bund,as of 2013ow trigger bonds offer only a 2.5% excess return with respect

to norrcoco subordinated bonds, white high triggerthis spread is of 3.6%.
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On the oppsite with respect to bankihie regulator prefers high trigger, which would start
the recapitalization before the distress sit:
c 0 n c.&miswould stabilizethe bank situation with the maimmtribution of the private sector
instead of the taxpayerensuring AT1 capital effectively accomplish the role it has in the
regul at or HWightriggathenneseenstanbe more prudential but still they present some
negative aspectsr the issuig institutions In addition to be more expensive for banks they could
also lead to a premature conversion that would imply negative effects for initial shareholders, since
the dilution effect would act even if it is still unnecessary.

The choice of the tgiger level for banks depends thus on the taffibetween regulatory

requirements and more favorable cost of financing.

2.2.5.1.2 Market-based trigger

Many researchers, among whi€tannery (2009)and Goodhart (2010¥or instance, are
skeptical aboutlccountingoased triggers, because of #aek of tansparency and of timing
consistencyf accounting ratiasTo overcome thesproblems, tk option proposed in literature,
which is preferredy the academic worlid that convertibility must be associated to market values,
such as share or CDS pri2e Spiegeleer & Schoutens 2011; Von Furstenberg 2011a)

Among the advariges of a markdiased triggerwe find that the trigger breach does not
depend on managerso®é honesty or on regul ator
forward looking, while accounting meass are based on past elements and theglaw in
displayng changes irthe issuer financial conditio(Pazarbasioglu et al. 2012ylarket prices
reflect the financial state almost instantamgly becauseshare prices and CDS spreaare
coninuously requested anithcorporatingoff-book informationare more accuratepreserdtion
of the true equity valuespecially in the event of financial crisis, when managers have convenience
to overstate banks consistency and solvab{lidfinger 2012) In addition market triggers are
preferred by investors bause they are easier to price.

On the other hand, also mark®tsed triggers present some negative aspects, which are the
main reasos why despite beingoreferred bythe academic world they have not become a
regulatorystandard The main point against market triggers is that they aheevable to market
manipulaton. Trigger may be activated ibr examplea certairmarket player sells a huge amount
of shares when the price is already trading close to the trigger béri@rge decline in stock
prices happened for instance in M&y2010 in the Unéd States, uling the secalledFlash Crash
eventThatday due a | arge fundament al t r frajgency t h at
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trading, more than 2000 tradescross more thaBOO securitiesvere executedt a price that was
over 60% awayrom their vates justmomentsbefore(U.S. CFTC. U.S SEC 2010n the case
like this oneor even in less extreme situatioas, unjustified shoselling of banks sharesuld
activatethe convesion trigger withouthe existencef a realfinandal distressA fall in share
price will increase theisk of conversionfor bondholders andhe dilution risk for existing
shareholders, turning into more sales and activatidgvanward price spirallThis phenomenan
analyzed byHillion & Vermaelen (2004)is defined as Death Spiraince the selfeinforcing
downward movement can end in a conversion not justified by the underlying finalmcéadslition
to manipulation, ther marketdistortions like price volatility, investos @anics or other market
pricing errorgmight trigger undue bond conversion.

Undue conversionsk can be mitigatd by setting the trigger at an average share pFoe
example, by imposingthecoew si on at the triggering of an
share prices, short sellers would have to maintain their positions for a longer period of time
(Flannery 2009; De Spiegeleer & Schoutens 2(8tll) the lak of confidence in market efficiency

and reliability explainshetendencyof regulatordo preferaccountbased trigges.

2.2.5.1.3 Regulatory trigger

With this kind of trigger mechanism, the conversion or write down of the bond is activated
by a decision of thgovernmen This trigger,also called discretionary qoint of nonviability
(PONV),r ef l ects the supervisords negative judgm
The inclusion of this trigger clauses in AT1 CoCos is due to regulatmpytat eligibility
requirementgAvdjiev & Kartasheva 2013)

On the pros,His modality allows the regulator to overcome the problem of timing gap or
unreliability of bookvalue trigger and also of the risk of market manipulation linked to market
based triggersHowever,on thecons,the digretion given to the supervisonakes the trigger
activation less clear and predictalideth for issuers and for investprdeeply reducing the
marketability of the bondThe funding costs for the issuer might increase since the investors may
charge a premium for the uncertaifie Spiegeleer & Schoutens 2011; Avdjiev & Kartasheva
2013) Moreover being a norautomatic mechanism, tisepervisojudgment and discretion might

increase the negative sigmg problem of recapitalizatiofiPazarbasioglu et al. 2012)

2.2.5.2 Systemic trigger
Systemic triggers, as opposite to bank specific triggeraot aim apreventing the financial

distress of a single institutiobut rather addres$ s y swide risks that can build up across the
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banking sector aswellastheqgroy c | i cal ampl i fi c at (Basel Canfnittdéeh e s e
on Banking Supervision 2011bjhe goal of these triggers ie strengthen the resilience, and
increase the capitalization of the entire financial industrthen case of systemic crisisThe
systemic trigger can be linked either tovee market crisis indicators, as for instance loss rates or
indexes, or to regulatoryedlaration of systemic crisigVhile providing the financial system with

huge amount of capitah times ofcrisis, systemic triggers remove the incentive for banks to
efficiently manageisk in case of low capital ratisjincethe triggering event dgsnot depend on

their specificsituation.

Systemic triggeimposed by the supervisanay generate the smlledfirst troubled bank
problem, which consists in the fact thhe first institution that is experiencing &incial distress
cannot accegts contingent capital resources until the regulator or the market index forces all banks
to recapitalizeThatmoment may be too late for the first bank and consequbietiheguhtorshave
an incentiveto declare systemic crises too ea®n the contraryuncertainty and shareholders
aversion for conversion pushes regulators to a recapitalization dayistorically ascertained
that regulatorgend todelay too much recagitization in order to reduce negative signaling to the
market and to avoid generatiaggeneral lack of confidence

A market based systemic trigger as an index could seem more reliable, since it is always
disclosedppened to the publiand very diffialt to manipulate through shestlling On the other
hand,the index must represent the enfirencial industry and since every crisis is differenis
i mpossible to find a ficorrect 0 theordie khetsbadt e x
inappr@riate trigger would expose tfiaancialsystem to a huge risknceit would trigger Co©@sH
conversion either too early or too late.

To sum up, the two main problems related to the systemic trigger are the risk of wrong timing
in systemic crisis dgaration from the regulator and the fact that once the convassamtivated,
the recapitalization happens for all the institusianth no distinction, thus penalizing tistable,
well capitalized banksTo overcome this problem, researchassFlannery(2009) McDonald
(2013)or the Squam Lake Working Gro@009)suggestd a dual trigger option, a combination

of a systemic trigger and of a basgecific one.

2.2.6 Two part trigger
Another suggestion fronitératureabout the optimaCoCodesignis the possibility of using
two triggers orthe same instrumenpreventingrisks linked both to the single institutie and to
the entirefinancial systemAccording toPazarbasioglu et al. (2012he dual trigger mode allows
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implementing a broatlased recapitalization of the banking system still guaranteeing
differentiation among bank3hese solutions that take into accoboth micro and macro risk
measures are proposed as an improvement of the options presente({/aiieberg et al. 2012)
Supporting this viewMcDonald (2013) presents a study farontingent capital with dual
market triggerHis claim converts bond into equity based on market prices, and specifically, when
bankd6s own stock pri c,atthe samé tsne, slsgivenibroad énaricihly a n
stock index falldelow an establigdtrigger valueln this way, conversion occurs when the bank
is performing poorly in a distressed financial industry environment but allows a bad bank to fail
when the rest ahe industry is ira good situation.
Similar toMcDonald (2013)proposais the one byhe Squam Lake Working Group (20Q9)
a pool of 15 nonaffiliated leading financiabhcademics thatlso suggestd the conversion shall
happen if two conditions araet. The first requirement is thdeclaration of systemic crisis by the
regulator and the secondlviolation of covenants coained in the securityontract, which they
identifiedin theb a n &apital adequacyneasured by it€ET1ratio (French et al2010) Support
to this proposal, comes from Rajan (2009) who slightly modifies the Squam Lake Group
proposal, suggesting that the systemic trigger should beatedi by some objective indicators,
such as aggregate bank | oldeseagainthe bmmsdedafic trigggra n b
activates on an accounting basi s, when the
(Calomiris & Herring 2011)

Having analyzed the differemtigger proposals from literature, and said that@RrD IV
imposes arigger based on the capital ratibe next section willintroducesomepricing models

existing in literaturendwill set downthe valuationmethodology used in this thesis.
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3 THE VALUATION FRAMEWORK

3.1 PRICING ISSUES
Finding the correct valuér Contingent Convertiblenstruments is a coplicated task.

Different proposals and methods were elaborated both in the academic and in the professional
world around contingent convertibles since their very first appearance on the capital markets.
Neverthelessthe continuous evolutioand large vaety of nonstandard features of these hybrid
bonds, make it difficult to find a comprehensive and definitive appr(2eifel et al. 2011)

In this section, we argoing to briefly discuss the principal pricing issues and we will
introduce the sealled Rockbottom spreadnodelfrom J.P. Morgan, which is the starting point
for our extended frameworK he extension will aino adapthe 2006 version on financial hytis
to the new regulatory contextéio the new and specific features required to CoCos to be included
in Additional Tier 1 apital under the CRD IV

The first CoCo bond was issued4009 by Lloyds, and was quite different from the AT1
CoCos that boostdtie contingent capital market in the very last ye@ing Lloyds 2009 CoCas
classified as Tier 2 capital, has a fixed coupon, a capital ratio trigger of 5% and a maturity of 10
years. This instrumens very different from the securitiekescribed in tb previous chaptend
the valuation method varies significantly for the two instruments. Most prciisgingmodel are
focused on this first tygof CoCo, having a fixed nezancellable coupon araddefing maturity,
and thus tend to focus only on tbenversion risk. The main issues related to conversion are in
qguantifying the value of the shares the investor will receive upon conversigns a function of
the market share value at the trigger time and of the conversion price set in the prospect.

Other uncertainties complicatirige valuation of Additional iEr 1 are related to the coupon
payment streamsvhich are at full discretion of the issumnd to the undefined maturity of the
security. The high heterogeneity of this asdassmakes the maglling of a standard consistent
frameworksomething puzzling and far from being achie(iddnderson Global Investors 2014)

In addition to thatsince these instrumerdsgginated as a response to the Basel Il regulation,
they are very sensitive to changes intihe n k 6 s requieementsirafact, the constant evolution
of financial system regulation, could make already issued instruments more compliant with
legal requirements, thus adifying their risk profile andexpected return when already in
possession of investors. This phasing out is exactly what happetiedld style Tier 1 hybrid
bonds which wereonsideredas Tier 1 capitabefore thenew rules of Baal Ill. These olestyle
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Tier 1 bondswhich failedto protectbanks during the crisisvereperpetuakallable bonds with a
step-upmechanisnafter the first call dat& hisfeaturestrongly stimulatedssuers to call thedmds
andmany operatorsonsideed them as fixed maturity bond§he removal of thetepup feature
eliminating the incentive to cakbnhances the perpetuity characteristic of AT1 capital changing the
relevant ti me hor i z o(beSpiageleeh&eSchowens20lidd)i es 6 v all
More uncertainty aroun@T1 instruments, according to the Global Credit Research (2015)
by J.P. Morgangould beaddedby the trend towards higher triggeior AT1Cocos in the European
bankingsector. If this trend is respted although having a good impact on the sector, it will have
a moreuncertainmpact on outstandingT1 contingent delfsince it would be no more compliant)
and could lead to unexpected carmes not priced in the markgtP.Morgan 2015)
For the reasonabove pricing modet may need to be frequently modifiexladapt to the
regulation changes.dVertheless, since the prospected straogvilp of thisasset clasand since
this complexity and evolving nature of this undesearched market can give rise to attractive
investment opportunitieshaving a tool allowing td i n dair g@riced for Cocos is a relevant
matter for high yield secities investorgHenderson Global Investors, 2014)
While, at the date, thiess absorption triggeis real isuancesrelinked tothe CET Iratio,
most existing mode on pricng Cocosare based osubstituting the accounting trigger with a
triggering stock price All these models imply high correlation between stock price and capital
ratio, which is historicallyinconsistentand do not consider the bank
through their risk manageme®ome proposals with accounting triggers and conversion to shares
are presented below, with a focus on assumptions on capital ratio and stock pricegeatents
(Veiteberg et al. 2012)Among the existing models we are going to briefly preskatcredit
derivatives approachleveloped bype Spiegeleer & Schoutens (20,Mhichmodels the recovery
rate at conversion, based on the ratio between the market sharat pneeanoment of conversion
and the conversion price, set in the prospectus, at which the investor effectively pays the shares.
The credit derivatives approach lmsed on a fixed income invesioperspectiveseeking
the extra yield on top of the riskeke rate requiretb face theisk of support losses. Thesarts from
a reduced form approach, whiestablishes the relationship between the spread, the recovery rate
and the pr ob a itiebdndacaortlingdoehfe following equaion

i p Y
Moving from this relation, the model considers the trigger event as some kind of speeial

of default event. Obviously, we have that _, Since we assume that the trigger event
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will take place before the institution defaults and thus has a higher probability to matefiadize.
required spread hence becomes:
Wi 6& 6p Y
The recovery rate of the contingent convertible depends on the conversion price into shares,
as already seen in section 1.2, so the only missing part, accordieg3piegeleer & Schoutens

(2011) is the probability of the trigger eve@ince stimating_ reveals to be a complicated

task, this approachsaumes thagtock prices move in an equivalent way as capital etthus
replaces the accountingrigger with a marketbased valueBy doing this,the trigger probability
can bemodeled in a BladkScholes settingVe presented this model, since based®results on
the recovery rate for the same securities we study, we will set our assumptibthairgpossible

recovery rate.

3.2 THE Rock-BoTTOM SPREAD FRAMEWORK

The so-called rock bottom spread model is a valuation framework developdeeteyr
Rappoport (2001from J.P. MorgarSecurities to value the significant additional exposures that
many bonds present in addition to plgmvernmenbonds, namely créand liquidity risk.

In 2006,Henriques, Goulden, and Grangeom J.P. Morgn Credit Research, adapted this
model to financial hybris, and specifically todnkd s T i e r, thelregblatonycascestor of
Additional Tier 1 Cocos, which this master theaisisto fairly value Henriques et al(2006)
valuation framework allowtakinginto account the nestandard features of Tier 1 bonds, namely
the subordinatiorthe coupon deferral and the extensiisk.

In this thesiswe will adjusttheframework to valuehe new features &T1 Cocosderiving
from thechanges in the regulatognvironmentThe new framework developed will take origin
from the basic Rockottom spead mechanickappopar, 2001a) will include the changes made
by Henriques et al. (200@&nd will be modified and extendéa order to beeston some recent

European banks CoCo issuances

3.2.1 Overview of the framework

As the original valuation frameworkfor corporate hybrids, the model is based on the
calculation of the present value o$et of cash flowsni order to find out a fair price, and thus fair
spread,for the financial hybrids. However, the specific and hetandard features of these
instruments makes the calculation far more complicated that it would be with plain vanilla bonds.
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CoCos structure indeed, generates a huge amount of uncertainty atbereffective
i nstr ument ansthepaobabilitgf theomissed payment of coupons émel probability
of the activation ofloss absorption mechanism have to be included in the derivation of the fair

value of these secuirities.

Credit Fundamentals: h
Probabiity of credit qualitychange
Probabiity of default/ recovery rates
Portfolio Diversity
J
4 N
Credit Returns:
Discounted cash flow pattern > [ Rockbottomspreads ]
. J
N
Risk Tolerance:
Information ratio
. J

Figure 5. Rockbottom spread model pillars. Adapted frRappoport 2001b)

The main output of this valuation model is, indeed, the-tmtkom spread, hich represents
the lowest amount that an investor need to be paid to bear the credit exposure. Any lower spread
from the security would not compensate enough for the additional risk. This spread reflects three
pillars on which the model is based:

1. Cedit Fundamentals: the credit quality an
probability as represented by ratings;

2. Credit Returns: the expected cdkiw, the maturity and seniority ranking of the bond;

3. Risk Tolerance: the rate of return timwestor requires for taking risk, engssed by the
information ratio.

These elements will correspond to a certain required spread, which is independent from any
market influence. This allows then, to compare the spread found out according to the mealel and
the credit valuation of the issuing institution, with the spread that the market is offering for the
same bond, so to make more informed purchase declsians ed upon t he model 0O

There are two main and most important assumptionsateahaden the constuction of the
framework. Firstthe probability of the cash flows being received by investors is assumed to be
linked to the financial state of the issuing institutioec&dly, the model assuntést the financial
state of the issuer is ngsented by its ratingkinking each CoCo risk feature to a corresponding
rating of the issuer means associating each risk event and the connected expected cakisfiows to
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underlying financial state of the issu@iven these assumptions the link betwen ratings and
future cash flowswe have to build a probability distribution for the issuer rating state and thus for
its possible financial situatiohe medium adopted to determitiee empirical evidence dhe
probability of being in each rating stas the rating transition matrix. This matrix represents the
historical chance for each institution with a giveitial rating to change or maintain itating state
over a certain period, one year in our caBeis method provides us with arfvard lookng
probabilitydistributionof therating transition of th&rm andto estimate the likelihood oéceiving
a certaincashflowfrom the instrument issued by the fifidenriques et al. 2006)

The three factors composing the model and determining thebvottkm spread will be
discussed, with special attention to the way they were modiiéd respect to the original
framework to betterifthe valuation of Additional Tier 1 CoCos.

3.2.2 Credit fundamentals

Creditfundamentalgoncern the potential losses that the investor is facing when investing in
a certan security. Thespotential losses depend threactual and futureredit qualityof theissuing
institution,which reflects in its probability alowngrading andefault

3.2.2.1 Credit migration matrix
As said one of the crucial assumpti®im the basic valuation framewoahd in our adjusted

version,is that the financial condition of the boldds i s s ui n g presentedshroagh theirb e r
ratings.St andar d and Poor 6s def i nes-lookegapigion ofcar e d i |
companyb6s overall credit wor {SBR 20le)According to that,y i t ¢
changes in the credit quality of the issuers are predicted following wérafpisicalevidenceabout
seniorratings migration asreported in credit transition matricésccording toSchuermann (2007)
this method isommon practice iseveralrisk management applicatioreanong whichportfolio
risk assessment, pricing loonds and credit deraives.

Many examples of the use of transition matrices as a cardinalahpatuation modelsan
be found in previous literature, as for instance in the Markov chain based risky bond pricing method
by Jarrow, Lando & Turnbull (1997r in the credit devatives pricing model fronkKijima and
Komoribayashi (1998)l'his approacis also used inredit portfolio models as showed Gypton,
Finger, & Bhatia(1997)in their CreditMetrics™ framework,which calculatesbond prices and
assesses credisk assumingassereturnsto be nomal distributedand to be linked to the issuing
firmds r.&iventhege assumptioassand the likelihoods derived from the transition matrix,
it is possible to compute every asseumetthreshold corresponding tosaecific credit rating

35



(Bangia et al. 2002; Crouhy et al. 200This relationis repesentedin Figure 6, where the

horizontal axis represendssBBBf i r assids/alue.

EEB
BB A
B AN
cCC /
Firm remains
Defanlt EEB

Lower

Figure 6. Model of a value firm and migratigiGupton, Finger, & Bhatia,

The examples reported kigure 7, show theprobability for respectively, an A, AAA, and
BBB rated institutions to be in the same or anothengatiass by the end dfie year A first

Higher

general rule is thahe sum of the likelihoods must be equal to 100 % since these represent all the
possible fistates of the wor | draking therfirsttexamplecith a n g

can be seen that, according tstbrical data, an A rated institution has 91.05% probabilities to still

be an A rated comparat the end of the yeand 5.52% likelihood to be downgraded of one notch,

thus becoming a BBBatedfirm, always on a one year time interval.

Currently A rated. Currently AAA rated. Currently BBB rated.
0.09% AAA AAA 90 81% AAA 002% AAA
2.27% AA §.33% AA 0.33% AA
A 91.05% A 0.68% A 595% A
5.52% BBB 0.06% BBB BBB 86.93% BBB
0.74% BB 0.12% BB 530% BB
0.26% B 0.00% B 1.17% B
0.01% CCC 0.00% CCC 0.12% CCC
0.06% D 0.00% D 0.18% D
100.00% 100.00% 100.00%

Figure 7. Examples of credit quality migratiamm a oneyear horizon(Gupton et al., 1997).

Insteadof represeting the quality migratiorprobabilitiesseparately for each rating, it is

common practice to use transition matrjcgkich indeed result in square table of probabilities

The market of the migration matrices in the U.S. is dominated by oed

and by St and a rydarhpuldish studi@ssaboutwthk detalit @oility ad the rating

migration. Because of their broader coverajeo o d y 6 s and
published studie§lafry & Schuermann 2004fror the same reason we will use a transition matrix
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adjusted from the yearly matricespp | i shed by Standard & Poor 6s
Global Corporate Default Study and Rating Transitions. Froow on, the S&P ratings
nomenclature is going to be used.

There are several different kind of matrices and several aspects to ceviséthechoosing
the most suitable matrix fg@urpose Hereaftewe will discusssome of these aspe@adgive a
rationale for choices made in thigesis

First, the dataetoriginatingthe matrixmust be analyzedhe matrces by S&P are generated
usinghe St andar d & dafabase, vbheh cOntares of yeRri2@l3, the issuer credit
ratings history for 16857 companies that were first ratettie period fromDecember 3%, 1980
to December 3%, 2013.Theyinclude both US and nedS industrials banks and other financial
institutions and real estate companies. The matrices can be created on a countrgy r@gian
industry basis.This separation is quite important, since frebability distribution or rating
transitionsmay vary in a signitiant way depending on the group of institutions under observation
(S&P 2014)

In order to capture credit quality, the ratings composing the matrix must be related to the
issuer,as credit events normally concern firms as a whsiece ratings are generally related to
specific debt, S&P perform some steps to create a corporate nfitgk bond ratings are
converted into issuer rating by taking the lgegn senior unsecured ir&g, sinceheydo not carry
any additional risk téheissuercreditrisk. Secondissuers argrouped into econorientities, this
allowing making acorrect rating attribution taking into account parsabsidiary links, mergers
and acquisitions and sitar corporate structurgBangia et al. 2002)

Matricescan count 8 or 18ifferentrating sta¢s, depending if the rating modifiers #ate
included or not. S&P yearly calculatestb typesof matrices,and both of them present positive
and negative aspects. The 8 categories matrix, for instarmedes larger sample sizes for each
rating category with reduces the risk aficurring in satistical errorsthat, as outlined bBangia
et al.(2002) could happen when using th@ dtates transition matrix becauseloé small number
of issuer in the lower rating categori@déevertheless, since 200te dataset has significantl
increased, reducing this problem and leaving with the positive aspect of using an 18 rating state
matrix, which consistin having a greater accuracy and granularity of determining the issuers
financial condition. The 18 states matrix in addition torttieng modifiers +/, includes the Default
state (D) and the finot ratedo state (NR). DX:

state, which means thamce a firm goes into defaulti# removed from the sampM/hatemerges
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from bankruptcyandcould be represented as a migration from D to another rating state is instead
typically considered as a new firdinother rating category that is present in the 18 states transition
matrix 1 s the HAnot rat edo st estemornfalyRated atthé i ¢ h
beginning of the year and whose rating is withdrawn at the end of the same yeaaré€rseveral
reasons for a firm to end up in the not ratgdtus and dealing with them is a quite complicated
task. What is evident is that moedit quality can bassociatedvith the NR state anblence the
probability of ending in that class mustdmmehowdistributed to the other rating categori€sere
is far less evidence insteadhy a specific firmends up inthéi n ot  catagorg Alcdording to
Gupton et al(1997)andto S&P (2014) ratings are withdrawn when an entity eatdebt is paid
off or when rated debt issuance prograame terminated and relevant debt extinguished.
Otherwise rating can be withdrawras aconsequencef firms mergers oacquisitionsAfi b a d 0
transition to NR occurstead,whenthere is a lack of cooperati@nd transparencyspecially
when a firm is experiencing financial troubleglaefuses to provide all the informaticequired
to come out with a certified rating, or when due to deterioration of the credit ghelgyntity itself
decides to bypass an agency ra{i@§P 2014) Due to thihigh uncertaintyon rating withdrawals
there are different prasals regarding how eliminate the NR catedamyn the matrix.

In the literatureliere are at least threeethods The first method is conservative and asss
the NR as a negative information with respect to the credit quality of the issuer. The probability of
transition to NR class is distributed among the downgraded and defaulted states proportionally to
their values. The second method is liberal and tleafNR status as positive, allocating thus the
probability of transition to NR to all other ratings, except for the default status, proportionally to
their valuesThe third method, that has emerged as an industry standard is to treat transition to NR
status as a neutral information thus allocating the probability of transition propolyicoall the
others categorigBangia et al. 2002)

Another variable that changes in transition masricethe time horizon, since matrices can
be estimated for any desired time horizon. The shortest hasizmtentially a quarterly transition
matiix, since financial statements and ratings ggdated on a quarterly basidowever it has to
be said that generally oryear transition matrices are used since shorter matrices have not been

published by agencies ydt. the figure 8an example of th8-stats migration matrix is reported
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T+1

AAA AA A BBB BB B CcCC D
AAA 93.00 6.18 0.66 0.07 0.08 0.01 0.00 0.000
AA 0.61 91.03 7.53 0.64 0.09 0.08 0.01 0.005
A 0.08 1.99 91.69 555 0.49 0.18 0.01 0.008
BBB 0.03 0.26 4.05 89.70 5.05 0.76 0.07 0.083
BB 0.04 0.11 0.56 5.26 83.80 8.95 0.73 0.548
B 0.00 0.07 0.23 0.50 4.67 84.36 5.71 4.448
CCC 0.06 0.01 0.34 0.56 1.10 7.99 47.02 | 42.896

D 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100

Figure 8. Example of one year migration matrix, based on S&P histories-20@4(Schuermann 2007)

From Figure 8 w can figure oua characteristic commadn all migration matrices, namely

the high probability load on the diagonal, which means that firms are most likely to keep their

current rating through one yeand have the second highest probability to move in the direct

neighborhood to the diagona decreasing trend in probabilities can be observed getting away

from the diagonal, a phenomenon that has been addressed as mond@®aijig et al. 2002)

For what concerns our frameworkome adjustments have to be maufethe transition

matrix, in order to get the more suitable forecast of crgdlity migration for the bankinfyms.

The matrix we are going to use a s
reports about default and credit quality because of the avayatdfikhe data. In particular, we will
t ut iomthe $inancial aector.i TRis

t ake

t he

AFi

nanci
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wi |l

be

t aken

point is important since probabilities significantly vary from an industry to another.

Related to the number of nag) categories we chose the-dtate migration matrikecause it
allows a greater granularity in bond pricingfhis will allow us to have morgating categorieso
calibratethe differentriggers of the bondffecting expected cashflowsamely the extersn, the

coupon deferral and the conversion or wdtvn to a certain financial condition of the issuing

fror

w h

bank. Having the rating modifiers allows differentiating the trigger rating for bonds having a

different conversion trigger raf@enerally 5.125% ovr% CET1 ratio) or a different combined

required bufferUsing the 18states matrix, we have to deal with the NR state, as discussesl abo

We will in this case adopt, contrarilyith the industry standardy negative interpretation of

withdrawn ratings sice given the uncertainty about the reason of the withdrawal and of the

concerns about the effect of the bailregulation on rating migration we prefer to assume a

prudential and conservative pi@n to avoid the risk of oveevaluating C&os The migrdion

horizonwe are going tauseis one year, sire the bondprice will be obtainedby backward

calculation discountingcashflows year by yeaActually, the coupon payment of the analyzed
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bond are paid on a quarterly or semiannual basis, so the mestteeary would be to use quarterly
migration matrices. Nevertheled®r a mater of simplicity we approximate coupon asnual
paymentsso to us¢he oneyear transition matrix, which is the shortest time horizon for published
matrices.

Most previous studs use a ongear matrix that is the average of the matrices from 1981 to
the study date. However, we propose &edént approach sindae changes ifanking regulation
that occurred after the 200@4&ncial crisis strongly affectdtie perception abottecredit quality
of financial institutions. Newulesmade necessagynegative review afredit rating assgnedby
the agencies and introducaanore strict regulation of the banking sector and of the rating industry
(Chennells & Wingfield 2015) The most importaniegislativechangemposed bythe European
Union istheswitchf r om t-bes $dbtae i t-on d haesab@d we hiave already
discussed in the introductory paragraphis procedurethathasbecome officiallyoperating in
January 2016, chang#e credit view on financial institutioressen for their senior ratingince
beforethis regulatory change,government support uplift was added to the bank standalone credit
rating In a default event thgovernmentvould have rescued thasolvent bankand repaid its
creditors(State Street Global Advisors 201Bowadayghe situatbn has changethe creditrisk
connected to a bank moreindependenfrom the State it belongs to and entirely lesits debt
holders. All this translates in negative implications for the ratinggithabtbenefitedanymore of
theuplift for potential government suppgrtSt andar d & Poor dés 2012)

Since the dsis and the consequent regulataffectedthe rating attributiormethodology,
we suggestakingas observation period tlyears going from 2010 to 201%/e computethenthe
averageneyear migratiommatrix for this period Although this will give us a smaller observation
period, we consler that taking only the post crisis era, provides us to morespréarecast about
rating migrations

Thelastadjustmenimade to the transition matrused in this thesis the correction othe
default row in order to make default probability inceeasonotonically as suggestedgnriques
et al. (2006) For somehistoricd anomaliesthat the BBand B+ rated companies have higher
probability of default than their respectivelyeogradehigher rated firms, namely the BB+ and
BB-. In order to keep the sum thnsitionprobabilities equal to one, the part added to the default
probabilityis removed from the just above rating state for the considered column.

The matrix used as starting point for tfiamework is shown in Figure. The matrix is

transposed with respect to the Standdenrd & Po
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Corporate Transition Matrix—One Year Ended Dec. 31, (2010-2013) (%)
Financial Institutions

tolFfrom |JAAA |AA+ |AA AA- A+ A A- BBB+ |BBB |BBB- |BB+ |BB BB- B+ B B- CCC/IC

# 83 72 127] 291 522 566 461 430) 535 419 205 220| 250 214] 223 176 70)
AAA 0,7350, 00278 000000 00000 00000 00000 00022 00000 00000 00000 00000 00000 00000 00000 0,000 00000 00000
AA+ 0,2386| 08750 0,0079] 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 000000 00000 0,0000
AA 00132] 00972 0,5905| 00103 00000 00000 00000 00023 000000 00000 00000 00000 00000 00000 00000 00000 00000
AA- 00000, 00000 03381 07698 00364 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 0,0000
A+ 00000 00000 00528] 03811 07280 0,095 00022 00000 000000 00000 00000 00000 00000 00000 00000 00000 0,0000
A 0,0000 00000 00000 00216 02043 07544 00629 00000 0,0000 00048] 00000/ 0,0000( 0,0000 0,0000[ 0,0000[ 0,0000 0,0000
A- 00000 00000 00000 00043 00131 o031366] 07267] 00628 00037 00000 00000 000000 00000 00000 00000 00000 0,0000
BBB+ 00000, 000000 00106 00043 00078 o0040| 03214 07233 00935 00071 00049 00000] 00000 00000 00000 00000 0,0000
BBB 0,0132] 00000 00000 00085 00079 00066 00536 01319 0,7215] 0,0883| 00293 0,0045| 00040 0,0000 0,0000[ 0,0000] 0,0000
BBB- 00000, 000000 00000 00000 o00026] 00088 00141] 00399 o0,1148] 0725 01122] 00136 00040 00000 0,0000] 00000 0,0000
BB+ 0,0000 00000 00000 00000 00000 00000 00113 00184 00363 01130 05561 0,1318] 0,0200 0,0000 0,0000 0,0000] 0,0000
BB 00000 00000 00000 00000 00000 00000 00056 00184 00242 00376| 01287] 06273] 011200 00280 00000 00000 0,0000
BB- 00000, 000000 00000 00000 00000 00000 00000 00000 00061 0018 00885 01425 06480 01168 0,009| 00057 0,0000
B+ 0,0000 00000 00000 00000 00000 00000 00000 00000 00000 00000 00321 00178 00985 06495 01121 00057 0,0143
B 00000, 000000 00000 00000 00000 00000 00000 00031 00000 00000 00161 00178] 00833 01398 06323] 031875 00286
B- 0,0000 000000 00000 00000 00000 00000 00000 00000 00000 00000 00080 00089 00076 00576] 0,687] 0579 0,1428
cce/c 0,0000 00,0000 0,0000 00000 00000 00000 00000 00000 00000 00000 00080 0,0267] 00000 00000 00520 01754 04571
D 00000, 00000 00000 00000 00000 00000 00000 00000 00000 00047 00161 00089 00227, 00082 o0020] 00462 03571

Figure 9. 18-states Financial Institutions credit migration matAsjusted fom S&P

3.2.2.2 The diversity score

Theef f ect of potent i al nbtonyisfeienced by thée aneditgsatityo r 6 s
and the probability of default, balso by another factpwhich is not linkedbonly to the issuing
institution, butalsoto thei n v esgyeéneral strategyhis elements the secalled diversity score,
atheoreticalmeasureoriginallyc r eat ed by Mo o ddwérssfication ofeepsrtfolioma t e
and to assigncredit quality ratings to Collateralized Loan Obligations (CLD)is measue,
slightly modifi ed i-bottain.sptead mbdel igkemiritcsaccaudtdttie R o ¢ k
framewor k 0dsi,v esrisnicfei ctatei on of an investoros p
risk that this investors will be prepared to bear. In fadhigh diversity score M translate in
smaller rockbottom spreadequiredwhile a smaller diversity score, making theestor more risk
averse, will result in aigherrequired spreadlhe purpose dhis metricis to evaluate the extent
to which it s likely that default events of the issuers present in the portfolio occur as correlated
circumstances instead of as independent evédisBartolomeo 1998) The computation
methodology takes into account the issard the industry concentration in the analyzed portfolio
and incorporates assumptions on default correlations, converting that portfolio of correlated
exposures in a safler number of independent exposufedMoody ds I nvestor S
Mo o d gssumeshat there is high correlation between issuers in the same industry, thus having
a very small numberfequivalent independent exposures, but that there is zero correlatisa acro
industries so that the diversity scores of the bonds in each industry are summed up into the portfolio
diversity score(Rappoport 2001h)According to the original J.P. Morgan Rebkttom spread
model, the diversity sconge will use in our extendedersion is 70. This number is the diversity

score offered by the entire US High Yield corporate sector, and means that éneg dre over
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1000 issuer that are rated as speculagnagle, they provide the same diversity as 70 issuers with
independent asset values. Asalisity score of 70 represerttence,a fully diversifiedinvestor
holding a portfolio equivalent to the entliggh Yield US corporate market and corresponds to the
lowest required spread. The way in which the diversity score is inserted in the calculations,

reducing the excess return volatility, wik lshowed in thparagrap!8.2.4

3.2.3 Credit Returns

The second pot to considerin the framework is theaslilows patterngenerated by the
analyzed bondWhat wesearchis the credit return i.e. the excess return thatctrporate bnd
(AT1 CoCo), is expected to provideveran identicagovernmenbond.The cashflowpattern of a
corporate bond is different from the one of a sovereign bsinde the first one has a certain
probability to default. ie corporatdondshouldhenceprovide an additional return, in the form
of aspread over governmergturnto compensatthe investor for the uncertainty about the actual
castlows he is going to receivéis figure 10shows the twobonds have the same principal and
the same maturity of one year. Jheoth receive a cquon after ong/ear but since the corporate

bondfaces the possibiliy of a defaultit will pay a spred over the government 5% coupon.

CashflowPatterns

Corporate Bond 5% Government Bond

Now pay... $100 S100

I year Default ' [.\_o (lef:m]t'

At maturity $100 + S5

. Recovery $100 + S5
receive ... Spread
Credit ' Corporate T
Return - Return — Return

Figure 10. Cashflow scenario for a onear corporate bond (Rappoport, 200
Figure 10illustratesthe easiest case of a eyear bond with two only possible scenarios
either the repayment of the bond or the defawithen considering more than onea, the
probabilities of ratig changes have to be consideiredomputingthe average credit returiihe
idea behind the use of transition matrices, consistently with the CreditMetrics approach, is to make
future cashflow pattern dependentiors s u eng 8tate, thus & threshold etpecteccashflows

for the bondholder can be created using an adjusted migration matrewvasusly described
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Figure 11 on based oRappopori(2001a) represents the possible credit scenarios & a
yearsBBB ratedbond and the related cashfloi&very state of the transition matrix has a certain
cashflow associated with ihd according to thmitial seniorrating the probabilitief migration
for the next yearra established. Discounting thashflowsbackward to the actual date, Vwed

the priceresulting fromdifferent credit scenarios and hence estalthsicredit return of the bond.

2vyearstogo lyeartogo Maturity

Rating Prob. Price Rating Prob. Price Rating Prob. Price

AAA 0.04% 111.66 AAA - 0.04% 109.89 AAA 1.03% 108

AA 0.29% 111.50 AA 2.48% 109.81 = AA 89.31% 108

[ A 6.24% 111.61 A 90.97%  109.89 A 9.14% 108 ]

BBB 86.96% 111.06 BBB 5.57% 109.63 BBB 0.37% 108

BB 5.15% 108.68 BB 0.72% 108.55 BB 0.09% 108

B 1.09% 101.40 B 0.21% 104.52 B 0.02% 108

Ccc 0.05% 81.39 CCcC 0.01% 90.91 CCC 0.00% 108

D 0.18% 45 D 0.00% 45 D 0.03% 45

Figure 11. Example ofa 3 years scenario for corporate bd@thaffner 2010)

To quantify thisrock-bottom spreadve have to define one moeéement, which is related to
the risk premium required by the mstor as a compensation for bearing the default risk. This risk

tolerance measure will be introduced in the following parag(@gppoport 2001a)

3.2.4 Risk Tolerance

Theinvestorgisk aversion of the can be measured through the information ratio, a ratio that
was first exposed by Jack Treynor anshiér Black in 1978Schaffner 2010jThis metricis useful
to isolatethe excess return per unit of risk taK&mdd 2011)

The information ratio idasially a volatility-adjusted excess return since it describes the
relationship between the excess retower the benchmarknd the volatility of thisexcess return.
Theinformation ratio is expressed by the following equation

oY 'Y

"O'Y = v ., s,
wilYy Y

where'Y is the return of the coco bond ai is the return of the benchmark. The
denominator term w @1Y 'Y stands for the standard deviation of the tracking erromhwisi

the difference between the return of the bond and that of the benchmark.

43



The importance of the information ratio in the adjusted 4omtom spread framework,
according tiRappoport2001) deri ves from the fact that it
target that an investor requires in order to accept the risk of holding a given security, a contingent
convertible n this specific casélhe target ratio is chosen by considering alternative investment
opportunitiessince it wouldbe nonsenséo pursue a strategy that produces a lower information
ratio than other possible alternatives, so having less return forfuiskoln the case of bonds the
exeess return considered is the credit re(i®appoport 2001b)

In the modelthe target information ratio wilhfluencethe maximum pricean investomill
buy theCocobond, and thus the credit spread tiatequire$or investing in thatPricing the bond
in this way, ensures the fact that tt#ainedeccess return will beslatedto the one obtainable by
investing in other opportunities ofitperforming governent bonds.

According toHenriques et al2006) the target information rative will assumds equal to
0.5, which is sonthing that has lme a standarih the industry. 8veral studies havanalyzed
the distribution of the information ratios obtained by active fund managers in different historical
periods finding a sort of scale of ragicAs mentioned bi{idd (2011)and according t&rinold &

Kahn (1996)andGoodwin (1998) empirical evidence on befefee information ratios offers the
results reported oRigure 12 Although the results may chang@mewhat by time period, by asset
class or iy fee level, the fobwing figurerepresents an overall reliable distribution of ratios.

Percentile Information Ratio Manager Skill
920 1.0 Exceptional
75 0.5 Good
50 0.0 Above Average
25 -0.5
10 -1.0

Figure 12. Ranking of Information Ratios (Cameron, 2009).

An adjustment that must be done, when passing from a single asset to a portfolio or index is
to reducethe volatility, dividing it by the diversity scotdQ This provides us with theeduced
volatility, which expresses the fact that thgdiosincraticrisk of a single asset is reducetien
this security isntroduced in a diversified portfolidhe adjusted equatias the following one:

oY Y
nQ

oY
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The information ratio, obtained by introducing the diversity score at the denominator,
provides us with the target excess return over unit of risk, and thus the minimum spread that a fully
diversified investor will ask to introduce a t@n Coco bond in his portfolidAs we will se in the
next paragraph, this equation is the starting point for thelwotlom spread calculations since it
includes the credit returns as well as the measures of risk aversiahdhatterize our investor.

In our framework we will use the Sharpe ratio, which is a particular case of information ratio,

where the benchmark is represented by the risk free asset.

3.2.5 Computing Rock-Bottom spreads

In this section, we will showhe algebraiccalculations to compattherock bottom spread,
the lowest spread the investor requieebear the credit risk of holding a corporate bond.

Fol | owi ng J rameworkMwsdirg laaveGasconfputéhe rock bottom pricelVe
will then compute the spreatthrough a conventional we-to-yield calculation.

To simplify the methodology understandjivge will showprocedures and computations
with a standard bond, contemplating only twasgible credit scenarigsd e f a-dié t @ mlot o0,
with an 8state corporate transition matriXhe complexfeatures ofAT1 CoCoswill be later
introduced, once the model mechanics are clearly stRigdted to the target performance, the
information ratio will be set, for the reasons earlier explained, equal tdnQse example, we
considerthe financial &state matrixn Figure 13 with time horizon of ongear calculated as the
averaye of the period going from 1280 2014, adjustefiiom S&P (2015)

Average One-year Global Corporate Transition Matrix (1981-2014)

All Financials

to\From [AAA AA A BBB BB B CCcC
AAA 0,0054( 0,0002| 0,0000| 0,0000{ 0,0000{ 0,0000
AA 0,0977 0,0267| 0,0029| 0,0014( 0,0005( 0,0000
A 0,0039( 0,0892 0,0533| 0,0024( 0,0015( 0,0000
BBB 0,0008( 0,0043| 0,0428 0,0778| 0,0054( 0,0000
BB 0,0008| 0,0003[ 0,0027| 0,0383] 0,8401| 0.0871| 0,0196
B 0,0004( 0,0003( 0,0008| 0,0055| 0,0578| 0,8329( 0,1862
CcCC 0,0008 0,0004( 0,0001| 0,0017| 0,0105| 0,0386| 0,5915
D 0,0000| 0,0004| 0,0013| 0,0035| 0,0101| 0,0341| 0,2027

Figure 13.8-states transition matrix.djusted from(S&P 2015)

For what concemithe bond instead, we start by considering ay#a senior unsecured
bond, which has only the defaulthdefault possible scenarios. Tgputs used for the example
(except from the matrix) are taken frdRappoport'§2001)original valuation framework and are

reported in the table below:
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Example inputs
Default/Downgrade probability Asin figure 14

Face value 100
Recovery rate 45%
Coupon 8%
Information ratio 0.5
Diversity score 70
Discount rate 6%

Table 5. Example valuation inputs. From Rappoport (2001a)

In thiscase, hence, the credit sceas for a oneyear period are:

1-p No Def aul t
P Defaul t
t =0 t =1

Figure 14. Oneyearbond cedit scenarios

The value of the bond depends on how likely each scenario is expected to realize. We then
compute the average price, i.e. the expected future value between the two possible scenarios using

thebl | owing formula for all the 7 possible ra:
060 p N Ow 6 n'Y
wherep is the probability of default, FV the bond face value, C the coupon and R the

recovered amount in case of default. Phebabilities for each scenario, used in this example, are

taken from the matrix ifigure B.

. w pzpmy Y
d TIZT L P
‘ . T W WP TT Y
d TSI TTAT U P T X
. w T WX 1y W& o
f T® TUCZX U

As expectedthe prices are decreasing going from the higher to the lowest rating category
of the issuer. To obtain the rock bottom price another important factor we need is the volatility of
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the bond prices, whichwe @i n ( f or tdheef afiudletfoa uclats/en)o, vi a t he

iQ p nOmE QY B8O

which in a multiple scenario case, becomes:

Back to our example, we computeighthe volatility of prices for the different ratings.

i 5 - pzp Ty

I Q n 2T pmmy m

. ‘ - TOWW MY

1 Q n 8T T TET L pTigX P8O
;o . — z

i Q B 1 T[?(Eﬁw%(c?xnuw W& 0 (@0

To obtain the roclbottom price we first have to set the relation it has with the target
information ratio. Since the performance depends on retitratso depends on prices for the
reason that the reservation price is the one that allows the investor reaching his target performance.
The benchmarkwve take for computinghe information ratio in this example is a Fiske
investment in government bonhich following Rappopori{2001)example isequal to 6%. We
want hence to write an equation faxck bottom price in functionfexpected futureashflows
their volatility and of the information ratio.

We start from the Information Ratio formula (without considering diversification for the
moment) as expressed in the previous paragraph:

oY Y

oY

We have thaO'Y 'Y is the excess return of the bond over the government bond, which

we call also the credit return in scenario andw 1Y 'Y is the volatility of the rcess return
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over the government bond in scenario. Anyway, since we are interested in considering every
possible scenario the information ratio we are interested in is:
GO0 QI IO 61 ¢0Y Y

wi Q@O @i Qa QogsxnlY Y

First, we deal with the average credit return across scenarios. This corresponds to the
(expected) difference between the average bond return and the government return, which we

assume to beonstant across enarios. This is expressedfaiows:

e e HOLOl DHIOODOO GO 1 QE O
0L QI WwQQ !,(*)TU‘Q.I,Q{IQ‘Q?)‘Q., L e T e
e O & OIQE DI Q&I QWQ QU O
Wl Q00O 5o 1 miEah0 i 0o
i Qooli ¢

WL BN QO Q
Ol § i0iQE Ol ok 'QU 0
0ol | MEanQ i Q0o

Which can be also written as:
oY Y _ Y - P Y
Where' corresponds to the average price atf(fheating statex is the current price of the
bond andY is the riskfree return of a government bond.
At the denominator of our information ratio formula, we have the credit return volatility,
which is just the price volatility across the differenénarios divided by the current price.
Ol oo NI WED OO QA QO

| Qo6 ¢ QoL EIRKEG] O]
D& ado Qa R | MEew

Government returns, which we assume to be constantsnfilee, lavevolatility equal to

zero, so they disappear from the denominator.

ki LA 1 L] r L) ] i 'Q r 9, . i 'Q
wwiyY Y i XY Y — I DY —
W W

We now put together these two partsttoé information ratio and write
p Y

i Q

)

oy Y
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Through some easy algebraic calculatiovesgxpress the current pricefasction of future
prices and their volatility, of government returns and on the information ratio. Setting the
information ratio equal to thavesbr targetperformancend incorporating the diversity score, we
are finallyable to obtairihe rock bottom price for a bond held in a diversified portfolio.

visi 00 Nl "DED OO QA QO K

®0 QL PIOVWOQ .. o e QO] IOIQE BT QE
, o v Ty y 1% on AT S G 7 T T ¢
Yé MO Wl §inQe wt Qe QQU Qli iKv@d w2

6E00E€ G L 00 e
51060 p QEULEOOI €
Rewriting with the symbols:
- owli?
Yén — %

Having found average scenarios value at t+1 &nd the bond volatilities 'Q, we can
now plug these data into the rock bottom priegsationto find the maximum amount the

investor would pay for the ongear bond according todfrating category of the issuer.

‘ "O'Yzlm% pnwrmz’l;lai::

Ywn 5 T X p & w
: ‘0Yz —lmg p T X rmzpmi_g

Yon 5 8T 0 X p & W
‘ "O!YZiV'I% Wk o TEB)ZCMET?

Y& — Ho o~ ver

At his point we can easily compute the yield of the bond given its rock bottom price via a

standard excel priem-yield calculation. The formula usésithe following one:

s I 00QaN"No0WEDOQ nNwi 0, i ©00Q B
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where A is the number of accrued days, i.e. from the beginning of the coupon period to the
settlement date, E is the number of days in the coupon period and DSR is the number of days from
the settlement date to the redemption date. Subtracting feoynetld calculated this way, the yield
of the risk free investment, we finally obtain the rock bottom spread.
YOI  0QQa QuQQa MBtnb editb mwn i
YOI OQQaQuQQa@p b gdtimtb p i

YOI 0QQaQOQQAa X @ ob 8imtb p @ @q i
As expectedthe premium required by the investors is increasing when moving to a lower
rating category of the iser. Themechanismshowedcan be repeated for longer mat@sti
performing backward calculation and using tbhckbottom prices found fasneyear as expected
value of the cashflows for thpeeviousyear (adding the coupon to these prices). The most important
difference is that not onlywo credit scenarios are ggible but all the rating states have to be taken
into account as a possible future scenawith the probability given bghe rating migration matrix.
The average expected value after one year of theygéacs bond is calculated as below:
Ty w P up e w Y
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As before, we now compute the volatility of expected values across credit scenarios two
year to maturity at the end of year one.
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Again, plugging these results into the rock bottom price equation and converting it into the

yield we can obtain as before the rock bottom spread.

Yoi ORI QOQQ PS¢ b @dttb ¢on i
Yoi DRI QO QG PP TP @drtmtb p A i
Y& i NI QOTME p@ x P @ditb pc @ i

The method shown for a two years bond can be reiterated by backward calculation for an
infinite number of times and can thus be adapted to all possible maturReigsopor{2001)and
Schaffner 2010) in their respectively creation and adjustment of the rock bottom spread
framework, determined the shape of the spread term structure by calculating for longer maturities
the rock bottom spreads of a bond similar to thead the example here introduced.

Having provided an insight on the origimatk-bottom spreadramework for plain vanilla
bonds, the next section wilitroduce some adjustments to timsthodology in order tealue the
specific risks of AT1 CoCbonds

3.3 THE ADJUSTED MODEL

All Additional Tier 1 CoCos havesome key characteristic that influence the expected cash
flow for the investor and that hence leaw be included in the model. The extension and the coupon
cancellatiorfeatures already existed for hybbonds since their first issuances and hdready
been discussedinvaluisgor por at e hybrids or Aold styleo b
instead, a new characteristic that emerged with Basel Il regulation for Additional Tier 1 debt, has
not been taken into account in previous elaborations of this framework and is the trickiest aspect
to value because of the high uncertainty about stock price evolution after the conversion. As for
plain vanilla, the expected cash flows depend on the fiabsizte of the issuer, as represented by
the migration matrix, so, keeping the same tree discounting structure, thifoeashave to be
adapted foall the possible scenarios originated by these features. As said, the matrix used in the
extended model v be an 18 states matrix to be able to better differentiate the different scenarios.
The rating state used to represent the financial conditibich thustriggers thedifferentevens,
is the issuer senior rating, which represents credit fundameRtdlags take into account factors
like capital solidiy, asset quality, profitability and business risk, giwenthe high correlation of
all these factors we think reasonable to ugentlas a proxy for capital ratio&nother difference

from the examplg@roposed above, is the discounting rate, which will be based on real forward
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curves instead of assuming the simptifitat government yield curvén this section each feature
will be reviewed in detail and based also ldenriques, Goulden, & Granger (200&pme
assumption will be made on the ratinigts of the issuer triggemg each of these risky events and

on the cash flow aoesponding to that situation.

3.3.1 Subordination

The word subordination refers to the hierarchy of debt instruments for what concerns the
repayment of their holders in the event of default. As we haveigdbgr,capital structure of banks,
Additional Tier 1 CoCos rank directly ahead of equity (ordinary and preferred shares) for
reimbursement priority of the bank capital structure. These bonds are also called junior
subordinated bonds because they come,aftéerms of seniority, not only to senior secured and
unsecured bonds, but also to the other forms of subordinated debt, i.e. to upper and lower tier 2
instruments. For this reason, accordingHEnderson Global Investors (201 recovery rate
could be very low in case of distress. The standard recovery rate assumed in the CDS market for
senior debt is 40%, wiel according td&Schaffner (201Q) Moo dy 6 s c al-weighedt e s
average corporate debt recovery rate (12889) of 31.3% for subordinated debt a and 24.7% for
junior subordinated bonds. Anyway, the novelty of financial regulation regarding the balil
mechanism thas in effectsince January 2016 and the featuséédditional Tier 1 instruments,
suggest assuming lower recovery raddsre precisely, since CoCos is convertei iaquity or is
written down in case of financial distress it may seem not overly pessimistic to assume for the
Cocos holders a recovery eabf 0% in the event of default. This zero recovery rate view is
consistent wittHenriques et al. (2006a s sumpt i on Tie i delft wHickstill svds yndt e 0

as risky as Additional Tier 1 Cocos.

3.3.2 Coupon cancellation

Anotherassumption is mad@ associate a certain rating state of the issuéne event of
coupon cancellatigri.e. on he decision from the issuer not to pay the regular coupon associated
to the hybrid securitylncluding the possibility of a coupon cancellation in the framework is
important because this event changes the future streams of cashflows for the bondholder,
influencing the present value of the bond and thus the spread required.

The deferral mechanism cheactivatal in two ways. The first way in wbh the coupon can
be deferredr cancelled, is the mandatory deferral, i.e. the obligation for the bank not thepay

coupon in the case of breachibgffer capital requirements. This is achieveddsyablishinga
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Maximum Distributable Amount, which is theaximum amountthat can be distributed in
dividends and AT1 coupons payments. The second chance to have a cdefsural is for
voluntaw initiative of the issuer, to prevetite triggering of the mandatory deferral. These two
possibilities will occur in different financial situations of the issuing institutions and thus have to

be associated with two differentireg states.

3.3.2.1 Mandatory CouponCancellation

As seen in section 2, among the novelties of Additional Tier 1 after Basel Il introduction,
thereis a more strict regulation of coupon payments. In this megulatory framework, banks are
prevented from payingoupons over the MDA when they are violating the Combined Buffer
Requirements, in order to avoid further undermining their regulatory solvency.

For modelling reasons we have thus to establish a rating in which the bank is violating the
combined buffer reqtementand it isforbidden to make any distribution to its AT1 bondholders.

Looking at previous literaturéjenriques et al2006)established for old Tier 1 instruments
that the minimum regulatory solvency (which at that date was Tier 1 Capital equal to 4%) used to
correspond to BB+ rating, i.e. the first rating class below the investgrade ratings. This
assumption was made based on the example of Banca Popolare Italszn which in February
60wbas downgraded to Baa2 (S&P BBB) by Moodyod:
analysts decided hence to set the coupon defaigglet at the senior rating of BB+, since
regulation imposed the deferral at the breach of the minimum capital solvency.

Nowadays with the increasing capital requirements, a capital ratio of 5.55% tnamdthte
in a much lower senior rating (close t@gering the conversion), thus the association between
BBB rating and 5.55% capital ratio is no more realistic. An example of this fact, is given by one of
the issuers we will analyze, BBVA, which with a Tier 1 ratio of 12.30% as of September 2015 has
its long-term senior debt rated BBB. In the same way, the BB+ association to 4% capital holds no
more, since minimum capital requirements hbgenraisedsignificantlyand a 4% capital would
now be associated with a much more critical rating. In other walfhink that a BB+ rating for
base casef around 10% Combined Buffer Requiremtoday reflects a better solvency situation
of the bankAd opt i ng J. P. Morgan model 6s assumpti on
associated to the higher level ahioh the breach of capital requirements induces to the non
payment of the AT1 coupon.

Another analysis to do, as performedLambert (2014)is to conpute the amount of

combined buffer requirement for each bank by summing up the buffers that the regulation will
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require on a different basis to every single institution according to its size and its systemic
importance. According to this, we think the natitrigger for coupon caedlation should vary
between BBBand BB rating grades, the minimum CET1 requirements ranging from 11% to 8%.

3.3.2.2 Voluntary CouponCancellation

A bank can also elect not to pay coupons as a voluntary choice, even if the minimum
requirement is not breached, in the case for example that the bank is experiencing a loss or it has
not enough resources to distribute. This modality of coupon cancellation is far more complex to
represent within this framework according to the modalities destrbecause it does not depend
on the rating profile but can suddenly ari se
to an unexpected event. Obviously, the probability of this phenomenon to happen is expected to
increase in lower ratechstitutions but still it is difficult to associate it to a certain credit rating
grade(Henriques et al. 2006)

According toLambert, Villalobos, & Theodor&014)from Scop&atingsamong others, the
voluntary coupon cancellation is actually expected to be a very rare event since it would have a
negative effect on debtholders and as a consequence a boomerang effect on the creditworthiness of
the coupon cancelling institon. In fact, a voluntary choice of not paying coupons could have high
hidden costs for the issuer especially in terms of reputation afudusa access to credit market.

This view on voluntary coupon cancellation is supported by two empirical exarhples t
Henriques et a[2006)report in their framework for old Tier 1 capital instrumeiitsese examples
are related to the already cited BPI (in 2005) and to HVB (in 2004) that even though reporting
material losses at the end of the financial year, decided and clearly communicated to the market
that would not have deferred the payment oirtfieer 1 couponsA more recent example of this
view on voluntary deferral can be found in the word¥abin Cryanco-chief executive of Deutsche
Bank who, in October 2015, was assuring markets that his bank would have plan to pay all
dividends on its aditional tier 1 securities and that coupon payments are senior to stock dividend
paymentgHale & Mccrum 2015)

According tothat, we will assume that a voluntary coupon deferral will happen only in
extreme cases atvery low ratingand in any case lowéhan the one activating the mandatory
deferral. This is consistent also wiuadrado's2013) statement that mandatory deferral is

potentially much riskier than the voluntary one.

To sum up, the assumption of coupon deferrfilngithat this event is triggered by a financial
condition represented by a rating going from BB+ to-BBhich are at the boundary of the
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investment and nemvestment grade in the dRate credit migration matrix, according to the
individual Combined Btier Requirements of each single bank.
Figure 15, adapted fronHenriques et al(2006) shows how the coupon cancellatioray

affect the expected cashfloyatill using the same-8tate transition matrix:

Figure 15 Expected cdslows adyusted for oupon deferral. Modified frond.P. Morgan

3.3.3 Extension/Callability risk

Old-style Tier 1 hybrid bonds used to have a maturity date and haeup sptead on the
coupon stream aftehé first call date, so were mainly expected to be called at the first occasion.
Nevertheless, the bank was not forced to call these bonds, this generating uncertainty about
effective maturity and on the stream of expected cashflows.

Additional Tier 1CoCacs are perpetual securities and the atppclause is no ore allowed,
so no incentives arprovided to the bank to redeem these securities. Still the bank has the
possibility to chose whether to redeetine bondor notat any call date. This generates utaaty
i n investorsoO6 expectations in their forecast
of time and about the value of the variable coupon set after the first call date.

Getting into cash flows, the bond calling would reflect in theeeted paymentfdhe par
value plus the coupoiThe extension of the bond woultsteadreflect in the expected perpetuity
value of the bond added of the coupon value if the rating of the baglests the coupon will be
paid, according to what we assunaabut the coupon cancellation trigger.

The assumption to make for the valuation framework is related to the rating state that will
make preferable for the bank to redeem to CoBs&een in chapt 2, new CRD 1V allows banks
the redemption of existing €o bonds only ifmmediately replaagwith the exactorresponding
amountof these same instrumentsremainng compliant with the minimumequiremenamount

for Additional Tier 1 capital. The rationale for the choice between cadlimyextending is toeb
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